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ON  INVENTION,  AS  ILLUSTRATED— I.  BY  THE  HISTORY  OF  PRINTING; 
n.  BY  THE  IDENTITY  OP  THE  INVENTOR;  III.  BY  THE  TIME  OF 
THE  INVENTION;   IV.  BY  THE  EFFECT  OF  THE  INVENTION. 

I  WAS  travelling  some  years  ago  in  Germany,  and  fell  in  with  a  Lutlieran  minister  who  had 
been  to  a  clerical  conference  at  Berlin,  and  was  returning  to  his  parish  in  company  with  his  wile 
and  infant  child.  At  one  of  the  stations  where  wo  stopped,  a  lady,  apparently  the  sister  of  his 
wife,  got  into  the  carriage,  and  eagerly  inquired  about  the  child.  Almost  her  first  question  was 
as  to  its  name.  The  answer  was,  "His  name  is  John."  The  lady  took  the  child,  folded  it 
tenderly  to  her  bosom,  and  said,  "  Dear  John !  thou  hast  a  most  loving  name."  When  I  had  an 
opportunity  of  speaking  I  ventured  to  express  a  hope  that  as  the  son  of  a  Christian  minister 
many  might  rejoice  at  his  birth. 

This  name  Jolm  is  a  favourite  one  in  Germany,  and  appears  under  various  forms,  such  as 
Johannes,  Johann,  Hans,  Hanschen,  or  "  little  John,"  Jean,  which  is  the  French  version,  Jan, 
the  Dutch,  and  many  others ;  and  there  is  also  the  feminine  form  in  Joan,  Joanna,  Janet,  &<:. 
In  the  Hebrew  it  signifies  "  the  Lord's  grace,"  or  simply  "gracious,"  or,  "in  great  favour,"  or 
"  esteem."  It  is  a  favourite  name  in  Germany,  partly  because  the  Germans  are  proud  of  their 
countryman,  John  Gutenberg,  whom  they  claim  as  the  inventor  of  printing  with  movable  types, 
as  far  back  as  the  year  1440. 

On  New  Year's  Day,  1.540,  the  honest  old  printer,  John  Luft,  of  Wittenberg,  recalling  to 
mind  that  he  had  just  "entered  on  the  centenary  year  of  an  invention  which  had  conferred  so 
many  blessings  on  mankind,  thought  that  something  ought  to  be  done  on  the  part  of  himself  and 
his  brother  printers  of  the  town  to  mark  their  sense  of  so  great  a  gift.  _  Accordingly  he  made  a 
proposal  to  them,  and  it  was  well  recii\  .1,  ;,;,  1  ^i:';  ;  much  deliberation  they  agreed  to  set  apart 
the  24th  of  June  for  the  celebration  :  .  1  :  .  '  a.^  chosen  not  only  that  the  sun  and  the 
flowers  might  be  of  the  party,  but  nl-  .  ,  v       tlic  feast  of  St.  John  the  Baptist,  and  in 

the  Gospel  for  the  day  the  dumb  Zarl.ai;,:  v,),,t  •  His  name  is  Jous."  (Luke  i.  G3.)  They 
hoped  that  as  in  the  case  of  John  "  many  shall  rejuico  at  his  birth,"  so  with  Gutenberg's  inven- 
tion many  had  rejoiced,  and  would  continue  to  rejoice  at  its  birth. 

A  century  later,  namely,  in  1640,  notwithstanding  the  war,  which  from  its  duration  bears  in 
history  the  ominous  title  of  the  "  thirty  years'  war,"  St.  John's  Day  was  celebrated,  not  in 
Wittenberg  only,  but  throughout  Germany.  There  were  special  services  in  the  churches ; 
literature  and  art  were  exerted  in  praising  and  complimenting  the  inventor  and  the  invention, 
and  all  the  resources  of  the  type-founder  and  of  the  printer  were  exerted  to  perpetuate  these 
'    compositions. 

In  1740  the  rejoicings  extended  to  other  parts  of  Europe  ;  London  and  Paris  took  part  in 
the  celebration,   and   there  was   even   a  greater  typographical  di.splay   than   on   the   previous 


In  the  following  century  honest  old  John  Luft's  institution  became  disturbed,  as  I  think,  on 
insufficient  grounds.  Some  old  documents  were  discovered  in  174o  in  the  Record  Tower  of 
Strasbourg,  which  made  it  probable  that  the  invention  was  first  made,  or  at  least  attempted,  in 
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that  t.nvn  in  l-iJ7.    Ii  was  tlierefure  d<  U  nuiii.  d  tu  Iiol.l  tli,  i,o:.t  .  ,  nt,  ik,i>  I.  ,tiv.il,  imt  iu  lb4(), 

but  in  1837.     Great   preparatioub  w    .                     i    I'l  i                     ,      ■    ih  aed 

from  various  parts  of  the  world  to  ( i   ,  ' ,  to 

be  erected   in   the  town   of  llayciu '      '         1                 '           i       On 

Imt  a-   ti       .  <..idd  not   be  completed  by  bt.  Johu'o  b.i>,  thi,  kotival  was,  nut  held 

until  Ai  I  1  1th  and  the  three  following  days  wore  devoted  to  its  celebration. 

If  m       I  1  thn  -ake  nf  wjm.-  of  uiir  ro.idVi.,  t.)  cxi.laiii  tho  invention  which  has 

t.jiikii  il      ]   Mil  ;   '      I.        i'    1  T^i'   I  ,      '    1   ally  as  old  as  the  sands 

of  the    '  i  ,  nt  itb  feet  by  a  process 

ofiiiiiitii  '     ,  I  1  liun  respecting  certain 

aninialt  th  i  i  '      ^       i      '  i  i        I  n     ^     '        <  i  1  it^  a  slab  of  stone  from 

the  quaiiy  cuntaiuiu^  the  c.ii>t  ul  the  loot  ol  some  \eiy  laiye  animal — nature's  stereotype  of 
one  of  her  extinct  productions.  At  the  time  when  such  a  cast  was  formed  the  site  of  the 
quarry  nui.-t  ha\e  been  the  bi'a-shora.  SuppobO  now  that  the  slimy  mud  left  by  the  retiring 
tide  had  I  I  I  I  1  'r  1  I  ,  I'  1h  at  of  the  sun.  The  huge  animal,  walking  with  slow  and 
delibn  il  I  I   It  hharp  and  \^ ell-defined  impressions  of  its  footsteps  in  the 

btiff  ami  ]      I  I  hi  11  came  a  violent  wind,  bringing  with  it  a  large  quantity  of 

dry  band,  ^  1  i  n;  i  ,  \  .  d  uj)  these  footmarks  and  protected  them  from  the  next  tide. 
Jlore  saud  aLtumulated,  and  there  was  also  probably  an  upheaval  of  the  land  ;  so  that  what  was 
tlio  sea  or  the  sea-shore  became  dry  land.  Tlie  sand  which  was  brought  by  the  winds  became 
compacted  into  a  sandstone  rock,  and  iu  after  ages  men  quarry  into  this  rock,  and  find  visible 
traceb  of    i  ,   nn   i  .       ''(Imii  of  things,  of  which  this  footmark  is  an  indication. 

In  \  nil  n  were   acquainted   with   printing   or   multiplying  impressions  by 

means  ,  Thus  we  read  in  1  Kings  xxi.  8,  '•  She  wrote  letters  in  Ahab's 

name,  .ii  1  1  '  t  ,  .  \  ith  his  seal."  There  are  many  other  passages  in  Holy  Writ  showing- 
how  commini  waa  tlii-^  method  of  multiplying  impressions.  Indeed,  among  the  ruins  of  ancient 
cities  there  is  abundant  evidence  that  at  au  early  period  men  were  acquainted  with  the  art  of 
multiplying  impressions  by  means  of  stamps,  &c.  The  ancient  llomans  marked  their  cattle, 
horses,  &c.,  with  a  metal  stamp  containing  letters.  This  stamp  was  dipped  into  fluid  pitch, 
and  so  printed  on  the  bodies  of  the  animals ;  but  in  the  case  of  runaway  slaves  the  stamp  was 
made  hot  and  printed  on  the  captive's  cheek  or  forehead.  This  we  call  a  hrund,  because  the 
characters  were  burnt  in;  an  expression  now  happily  only  figurative.  Bricks  and  tiles  were 
also  stamped  while  the  clay  was  still  soft ;  and  bread  was  reqtiired  by  the  Roman  law  to  be 
stamped  with  certain  letters  or  words  indicating  its  composition.  Examples  of  this  practice 
have  been  found  iu  excavating  the  buried  city  of  Herculaneum ;  and  in  one  case  the  loaves 
thus  wonderfully  preserved  during  1800  years  were  marked  in  the  following  manner  :— 
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Nay,  moie,  should  all  these  copies  be  disjioscd  ot,  tlieie  aie  the  0114 
pioduce  another  edition  exactly  like  the  fiiat,  and  so  on  so  lon_ 
this  paitieular  book.  But  should  theie  be  no  such  demand,  tin  I 
but  remain  as  a  costly  dead  stock  in  the  hand=.  of  tli 
tiue  t  s  11:,^  ot  the  word.  The  wool  .n.inin^, 
n  I  t  I       piesent  day  aie  piud  1      1        t 

\  1  '  -"   as  they  weie 

1  u   as  compared  wit 

case  ot   tlie  well-known   St   (  li         t 
with  theii  mottoes,  being  di  1 

weie  cuculatedin'th     I         <  th     i: 


iettcis   oil        I  11-;    it   took   an   a 

occupieil  7  1  11  lists  one  year,  ii 

inipiession  ot  th'  l.il.l  The  thim?  is  evidently  impossible  Now  (lutciiln  1^  •,  idea  was  this: 
instead  of  engia\ing  the  letteis  ot  a  page  in  one  solid  block,  to  engiave  a  single  lettei  at  a 
time,  and  having  collected  a  modeiate  number  of  such  letteis,  to  airange  01  compose  them 
into  a  page,  and  having  woiked  01  piinted  off  as  many  impiessions  of  that  page  as  weie  likely 
to  be  wanted,  to  unlock  the  page,  sort  out  all  the  separate  letters,  aud  use  those  very  same 
Ictteis  over  again  in  composing  or  setting  up  the  next  pige.  In  this  way  we  get  lid  of  a  vast 
masb  of  useless  engiaving  and  wood  cutting.  A  modeiate  supply  of  letteis  allows  a  page,  or 
as  many  pages  as  there  are  on  one  side  of  a  sheet,  to  be  set  up  and  worked  oft;  and  then  the 
same  letters,  or  t^pe,  as  they  are  called,  can  be  used  for  subsequent  pages  or  sheets,  until  the 
work  is  complete.  Should  the  work  not  sell,  the  evil  is  not  of  that  magnitude  as  it  was  when 
all  the  pages  were  engraved  on  blocks,  for  now  the  same  type  can  be  used  for  other  books  until 
it  is  worn  out;  and  even  then  it  is  not  useless,  for  it  may  be  returned  to  the  melting-pot  of  the 
type-founder,  to  be  used  for  casting  now  type.  On  the  other  hand,  should  there  be  a  large 
demand  for  the  book,  the  printer  would  not  object  to  meet  that  demaud  by  setting  up  the  type 
and  working  off  the  sheets  a  second  time. 

Such  w^as  Gutenberg's  invention  ;  and  simple  as  it  may  now  appear  to  us,  it  was  a  groat 
invention.  It  required  years  for  its  realisation,  and  left  the  man,  to  whom  a  statue  has  been 
erected,  poor  and  broken-hearted. 

John  Gensfleisch  von  Gutenberg  was  born  of  a  patrician  family,  according  to  the  German 
writers,  at  Mayence,  between  the  years  1393  and  1400.*  It  appears,  however,  from  one  of  the 
town  books  of  Mayence  for  June,  1430,  that  Gutenberg's  mother.  Else,  then  a  widow,  agreed 
with  the  corporation  of  the  town  to  commute  a  pension  of  a  certain  amount  into  one  of  a  less 
amount  to  be  paid  to  her  son  John  during  his  life.  The  assumption  of  this  authority  on  the 
part  of  the  widowed  mother  seems  to  show  that  (Tutenberg  was  at  that  time  under  age.  Four 
years  afterwards,  however,  he  must  have  attained  bis  majority,  for  we  hear  of  him  in  Strasbourg 
taking  proceedings  against  the  town  clerk  of  Mayence  for  the  recovery  of  money  due  to  him  on 
the  part  of  the  town.  It  is  natural  to  suppose  that  Gutenberg  having  so  many  near  relations 
living  in  Mayence,  and  possessing  property  there,  should  himself  have  been  biiiii  time.  But  if 
in  1430  he  was  still  under  age,  and  in  1434  had  attained  his  majority,  lie  m     r  1  I  I   n  n 

somewhere  about  the  year  1412-13  ;  but  about  this  period,  viz.,  in  1411,  .i  1  nt 

aud  often  bloody  disputes  between  the  nobles  and  burghers  of  large  towns  t.    1    ,  iw  , 

and  the  result  was  that  110  of  the   nobles,   including  the  Gensfleisch  hua.h,  ,\t.      1 ..  .1  hud. 
•  John's  parents,  it  is  thought,  retired  to  Kutenberg,  in  Bohemia,  where  John  iiia>  have  been 
Ijorn,  about  the  year  1412.f     At  this  peiiod  Bohemia  was  celebrated  for  her  artistic  and  other 


at  Prague  in  lsaO-2,  iu  tv 
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manufactures.  She  possessed  tho  secrets  or  excelled  other  nations  in  the  art  of  cutting  and 
polishing  Btoncs,  in  ornamental  glass  and  magnificent  windows  of  stained  glass.  Her  wood 
carvings  and  enamelled  portvaits  were  much  admired ;  and  she  excelled  in  the  art  of  illuminat- 
ing manuscripts  in  gold  and  liquid  colours  of  brilliant  tints.  It  is  reasonably  supposed  that 
young  Gutenberg  witnessed  all  these  things,  and  acquired  a  taste  for  mechanical  pursuits  daring 
the  years  devoted  to  his  education.  Another  circumstance  that  makes  it  likely  Ciutenberg  was 
educated  in  Bohemia  is  that  when  settled  in  Strasbourg  in  1437,  he  was  cited  before  the  eccle- 
siastical court  for  breach  of  promise  of  marriage  by  a  lady  named  Enell,  who  is  described  Zur 
ijsern  Thiir,  "  of  the  Iron  Gate."  No  house  in  Strasbourg  of  that  name  is,  or  has  been  known, 
but  such  a  name  has  been  from  time  immemorial  applied  to  a  house  at  Prague,  in  the  Altstadt, 
No.  436.  There  is  still  further  evidence  in  favour  of  this  theory.  Gutenberg's  name  occurs  on 
the  books  of  the  University  of  Prague  in  1445  as  Bachelor  of  Arts.  In  the  archives  of  this 
university  nearly  all  the  names  are  derived  from  places  of  birth  ;  there  are  oG  Bachelors,  or 
Masters  of  Arts,  who  take  their  name  from  the  Bohemian  town  of  Kutenberg.  Thus  Guten- 
berg is  entered  loJtannes  de  Montibiis  Kvtin's.  Another  is  entered  de  Montihus  Guilds.  Indeed, 
the  same  person  is  sometimes  called  de  Kiitnis,  and  at  other  times  de  Gutnis:  and  lience  Kuten- 
herg  and  Gutenherg  may  be  considered  as  synonymous.  The  German  writers  are  not  able  to 
account  for  Gutenberg  in  1445,  but  this  entry  in  the  Liber  Decanorum  may  remove  the  difficulty. 
We  learn  from  the  legal  records  already  referred  to  as  having  been  discovered  during  the  last 
century  at  Strasbourg,  that  about  the  year  1436-7,  Gutenberg  was  actually  engaged  in  mecha- 
nical pursuits  in  company  with  several  persons  who  paid  him  various  sums  of  money  for  instruc- 
tion in  certain  profitable  pursuits.  Thus  he  taught  Andrew  Dritzehn  the  art  of  cutting  and 
polishing  stones,  and  he  also  agreed  with  one  Hans  Riffe  to  prepare  some  small  wares  to  be  sold 
at  the  fair  of  Aix-la-Chapelle,  to  be  held  in  1430,  on  the  occasion  of  the  septennial  pilgrimage 
to  that  city,  when  the  numerous  relics  were  exhibited  to  the  faithful.  These  men  worked 
together  in  secret,  and  when  questioned  as  to  the  nature  of  their  pursuits  they  said  they  were 
manufacturing  looking-glasses  for  the  fair.  All  the  writers  I  have  met  with  adopt  this  view ; 
but  I  cannot  help  thinking  there  was  a  double  or  latent  meaning  in  the  explanation.  Block 
books  had  been  circulated  for  some  years,  and  many  of  them  were  known  under  the  title  of 
specida,  or  mirrors.  Thus  we  have  the  ,S>o;»A  ,-■  //"",-  '  ■  U:  -  ,  r  y[\:v  ,  f  TTr.rnan  Life,  the 
fSpccidmn  Sahationis,  or  de   Con/cssiouc,  or    ^  /  '  .-.  and  many 

others.     Now  there  is  evidence  to  show  that  in  !1        II         I'  ■  ;'  Strasbourg, 

had  been  employed  by  Gutenberg  in  matters  i  :i:,'  lI  'I  v.'.U',  j  v'.i.i':  _,  ;  a;. a  i:  y  notion  is  that 
Gutenberg  was  seeking  to  multiply  block  books  by  au  expeditious  and  cheap  method  of  printing 
with  movable  types  instead  of  having  to  engrave  a  separate  block  for  every  separate  page. 
There  is  abundant  evidence  that  he  used  every  precaution  to  keep  his  experiments  as  secret  as 
possible  ;  and  in  order  to  divert  inquiry,  he  actually  made  some  small  looking-glasses  as  speci- 
mens of  what  he  intended  to  take  or  to  send  to  tho  fair.  I  do  not  attach  much  importance  to 
the  theory  that  finds  a  motive  for  Gutenberg's  secresy  in  his  nobility,  which  would  be  degraded 
by  practising  a  mechanical  art ;  since  noblemen  were  glass-workers,  silk-growers,  and  afterwards 
printers,  without  any  lo.ss  of  caste,  and  Gutenberg  though  noble  was  poor,  and  sought  to  increase 
his  fortune  by  the  practice  of  an  art  which  he  intended  to  work  for  his  own  pecuniary  benefit,  a 
motive  which  publicity  would  have  destroyed.  Dritzehn  seems  to  have  found  the  art  of  polish- 
ing stones,  which  he  learnt  from  Gutenberg,  to  be  profitable  ;  and  hearing  that  Gutenberg  and 
Rifi'e  were  shut  up  together  for  the  purpose  of  carrying  out  some  other  scheme,  begged  to  be 
allowed  to  make  one  of  the  party.  This  was  agreed  to  on  the  payment  of  a  sum  of  money. 
Moreover,  one  Heilmann,  hearing  of  tlie  concern,  begged  Ciutenberg  to  take  his  brother  Antony 
into  the  partnership.  Gutenberg  consents,  but  cautions  him  to  secresy,  on  the  ground  that  his 
relatives  may  think  he  is  practising  sorcery.  An  agreement  or  deed  of  partnership  is  now 
drawn  up,  by  which  Andrew  Dritzehn  and  Andrew  Heilmann  were  to  have  one  share  of  the 
profits  between  them,  Riffe  one  share,  and  Gutenberg  the  remaining  two  shares.  Dritzehn  and 
Heilmann  also  agreed  each  to  pay  Gutenberg  80  florins  for  his  instructions.  There  is  evidence 
that  Dritzehn  borrowed  money  of  Heilmann  in  order  to  pay  his  premium,  w'hich  was  done  on 
the  22nd  of  Jlarch,  1438.  It  does  not,  however,  appear  that  Gutenberg  had  confided  to  his 
partners  his  grand  idea  of  printing  with  movable  types;  he  may  have  taught  them  how  to 
make  actual  looking-glasses,  while  he  deemed  the  secret  of  the  figurative  ones  too  valuable  to  bo 
yet  disclosed.  At  any  rate  the  partners  notice  in  April  that  Gutenberg  is  working  at  some  art 
which  he  conceals  from  them.  They  express  their  displeasure,  and  urge  him  to  tell  them  what 
he  is  about.     Gutenberg,  fully  alive  to  his  own  interests,  requires  a  fresh  agreement,  and  makes 


GUTENBERG'S  EARLY  ATTEMPTS.  ix 

harder  terms.  They  must  go  on  adding  to  the  80  i^orins  until  it  becomes  500;  and  each  must 
pay  down  170  florins.  One  witness  said,  however,  that  it  was  Gutenberg  wlio  made  the  first 
proposal  to  form  a  partnership  on  this  broader  basis  of  capital.  If  they  consented  he  would  tell 
them  all  he  knew,  and  there  should  be  no  secrets  among  them.  This  was  agreed  to,  and  five 
years  was  named  for  the  period  of  partnership.  Should,  however,  any  one  of  the  partners  die, 
the  whole  of  the  tools  and  stock-in-trade  to  belong  to  the  survivors ;  but  in  order  that  the  re- 
presentatives of  the  deceased  partner  should  keep  quiet,  they  were  to  be  paid  100  florins,  on 
condition  of  not  prosecuting  any  claim  to  enter  the  partnership,  or  making  any  disturbance. 
Under  the  new  agreement  Ileilmann  and  Dritzehn  were  to  pay  125  florins  each.  On  the  15tli 
of  July  they  paid  portions  only  of  their  shares,  and  Gutenberg  retaliated  the  breach  of  faith  by 
not  commencing  his  instructions.  In  the  autumn  of  that  year  they  asked  when  he  was  going  to 
begin.  He  asked  them  when  they  were  going  to  ]iay.  They  were  often  at  Gutenberg's  house, 
eating  and  drinking  and  talking  over  their  cone  . ,  "  ,  mi  cV  1m  ,i  '  i  u  i  '  ,  miiplained  of 
the  quantity  of  wine  they  drank.    About  har\.    t   i  [  i    ,  i  il^  lor  money, 

on  the  ground  that  he  had  work  in  hand  wliich   i  i  !    '    '        •  '  '  d  about  his 

work,  he  said  it  was  making  looking-glasses.  Tii  i  i  •  II  '  \i  n,  tin  i  li  1  I li- corn,  sold 
it,  and  paid  Dritzehn.  The  partners  soon  after  \\ent  to  severul  places  and  bought  lead  and 
otlier  things,  for  which  Dritzehn  became  responsible.  Gutenberg,  however,  denied  the 
latter  part  of  the  statement;  but  there  is  no  doulit  that  the  partnership  got  into  debt, 
for  they  gave  a  bond  for  101  flurli,-  1,M,  Ui'i  1,  i  ,.  u-mI  to  seal,  and  it  was  after- 
wards (that  is,  in  March,  1439)  paid  I  •  i  .  i  .  the  evidence,  too,  of  Conrad 
Sahspach,  that  he  made  a  press,  and  In  i  ■  a,  to  bo  used,  and  he  tliought 
so  well  of  the  invention,  that  he  lent  m.  ,  _\  i.  Jim  In.  !i  ijiplied  it  to  the  work  in  hand. 
Frau  des  Reinbold  also  lent  money  to  Diitzehn,  aud  «ith  wuinanly  prudence  advanced  5  florins 
on  a  ring  that  was  worth  30.  The  partners  now  seemed  to  be  working  in  earnest ;  and  in  order 
to  keep  Gutenberg  in  good  humour,  Dritzehn  sent  him  in  October  half  an  ohm  of  wine  (about 
15  gallons),  and  afterwards,  in  conjunction  with  Heilmann,  3  ohms,  as  their  share,  as  they  said, 
of  the  eating  and  drinking  ;  but  Gutenberg  afterwards  declared  that  these  presents  did  not  repay 
liim.  Dritzehn  was  now  working  day  and  night,  and  his  aunt,  Ennel,  assisted  him.  He  told 
her  he  had  already  paid  400  or  500  florins,  and  that  the  invention  would  cost  him  still  more  ; 
but  before  a  year  was  over  he  and  his  partners  would  get  back  all  their  capital  and  be  prosperous 
ever  after.  About  the  same  time,  however,  he  told  another  witness  that  the  work  had  cost  him 
only  300  florins,  while  he  named  600  to  his  creditor,  Reinbold  ;  ho  is  confident,  however,  that 
when  the  invention  is  complete  he  will  bo  able  to  discharge  all  his  m  I  i  a:  1  !■  \'  .  il  i-  |  liil  I'm- 
his  trouble.  Just  before  Christmas  wo  find  Gutenberg  sending  hi-  i  :  i  \  ;  ,  md 
also  to  Heilmann,  to  fetch  away  all  the  fonncn,  i.e.,  forms,  the  vm  -i  ,  ;  ;  ^  ,  at 
the  present  day.  Dritzehn  is  at  this  time  ill  in  bod,  and  the  pri^^^t,  Likuii,  \,h -  \i.Ul  i  imu  on 
the  27th,  said 'he  complained  of  having  200  or  300  florins  in  Gutenberg's  concern,  and  not 
having  yet  received  any  profits.  During  the  Christmas  holidays  Dritzehn  died,  still  in  debt  to 
Gutenberg,  who  at  once  sent  for  the  presses,  or  gave  directions  to  take  them  to  piecus,  lest 
any  one  should  see  them;  for  he  remarked  that  people  had  become  cnriuns  ,il-  .m  iim  li-  alVairy. 
Ho  also  invited  Clans  Dritzehn  to  an  interview.  The  man  who  went  witli  ili^  I  ihat 
no  one  was  to  see  the  presses,  and  that  ho  had  instructions  to  take  out  twn  !  :  \:\,rn 
the  press  would  fall  to  pieces,  and  the  so]iarate  parts  were  then  to  be  piled  i;j.,  .;  .i  th.it  i:  j  ouo 
should  bo  able  to  tell,  on  mere  inspection,  what  they  were  intended  for.  It  ajipcars,  however, 
that  Heilmann  had  already  taken  care  of  tho  presses. 

Dritzehn's  relations  found  at  his  lodgings  the  partnership  agreement,  and  there  appears  to 
have  been  some  negotiation  between  the  parties.  In  March,  1439,  Gutenberg,  as  aheady 
noticed,  discharged  the  partnership  bond  of  101  florins,  and  soon  after  this  date  George  and 
Clans  Dritzehn  commenced  an  action  against  Gutenberg  for  the  recovery  of  their  deceased 
relative's  capital,  or  for  admission  into  the  partnership.  The  cause  came  on  for  trial  on  the 
.  12th  of  December,  when  Gutenberg  and  the  other  partners  were  examined  on  oath  as  to  their 
dealings  with  Dritzehn,  and  the  judgment  of  the  Court  was  that  Gutenberg  should  pay  the  sum 
agreed  on  in  the  event  of  the  doalh  of  any  one  of  the  partners,  but  that  he  be  entitled  to  deduct 
from  that  sum  the  money  du.'  to  Mm,  :';  m  Diitzehn,  at  the  time  of  his  death.  Tlie  iilaintiffs 
were  accordingly  entitled  to  il,  i      il  a  ins,  wliich  was  paid. 

All  this  information  I  ha\  :        ni   the  somewhat  wordy  records  of  the  Court,  dis- 

covered, as  already  romarked,  i;:  I  .  i  ■,  i  ^  ,\  jaove  conclusively  that  Gutenberg  was  coudiicling 
experiments  in  the  art  of   printing  with  movable  types,  probably  of  wood.       The  surviving 
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partners  may  have  continued  with  Gutenberg  during  tlie  stipuLited  tive  years — namely,  from 
the  summer  of  1438  to  that  of  144o.  At  any  rate,  Gutenberg  was  at  Strasbourg  in  1444,  as  id 
shown  by  an  entry  in  one  of  the  town  books,  recording  the  payment  of  a  tax  ;  and  there  is  also 
evidence  that  daring  the  four  years  after  Dritzehn's  death,  Gutenberg  contracted  several  debts, 
and  also  disposed  of  his  little  property.  Between  1444  and  October,  1448,  the  German  writej-s 
cannot  account  for  him ;  but,  as  already  shown,  from  the  entries  in  the  Liber  Decanormn, 
Gutenberg  may  have  returned  to  Prague,  probably  to  improve  his  scholarship,  and  also  his 
acqnaintance  with  the  mechaniiMl  ait^.  ^Yl'  hear  of  him  again  in  October,  1448,  still  as  a 
borrower,  and  still  piob.ilil_\   |  i       I'l  il      I      in,  idea  of  bib  life.     Soon  after  this  he  nn  I 

with  John  Fust,  a  rich  bui"    i  '    \>  nee,  to  whom  he  eommunical.   I  hi,  .  n!! 

imperfect  invention.     Fnst  I  i  nuised,  and  agreed  to  enter  ini"  ]i:;i  li    r- 

ship  with  Gutenberg  for  caiuiu^  u  u  a  U.  .  w.i  ,i  man  of  business;  Gutenbui-  unly  an 
inventor.  Fust  was  a  man  ot  capital;  Gutenberg  afflicted  with  poverty.  No  wonder,  then, 
that  the  rich  man  bound  the  poor  one  hand  and  foot,  so  as  to  make  use  of  him  as  long  as  ho 
served  his  purpose,  and  then,  when  no  longer  wanted,  he  would  fling  him  aside  like  a  squeezed 
orange.  Articles  were  drawn  up  by  which  Fust  agreed  to  lend  Gutenberg  800  florins  in  gold, 
at  (i  per  cent,  interest,  which  money  was  to  be  expended  iu  carrying  out  the  invention,  the 
invention  to  be  secuiity  for  the  loan  ;  to  allow  300  florins  yearly  for  expenses,  such  as  wages, 
rent,  parchment,  paper,  ink,  &c.,  and  in  case  of  disagreement,  Gutenberg  was  to  pay  back  the 
800  florins ;  but  everything  which  had  been  purchased  with  the  annual  allowance  was  to  be 
partnership  property.     The  agreement  is  dated  22nd  of  August,  1450. 

It  seems  probable  that  Gutenberg's  attempts  at  printing  in  movable  type  had  not  hitherto 
been  attended  with  much  success,  or  ho  would  have  made  better  terms  with  Pnst.  It  is 
supposed  that  during  his  residence  at  Strasbourg  ho  printed  some  block  books,  and  also 
succeeded,  after  many  attempts,  in  making  a  good  black  ink  adapted  for  printing.  He  may 
also  have  been  partially  successful  in  some  of  his  attempts  with  movable  types.  These 
were  made  of  pear  and  box  wood,  and  were  bored  so  as  to  be  threaded  on  a  wire ;  they  were 
set  up  or  composed  by  thus  threading  them,  and  the  method  was  so  far  convenient  that  w'hole 
lines  could  be  easily  lifted  about.  In  1450,  or  early  in  1451— that  is,  after  having  joined  Fust 
— a  Bonatv.s,  or  Latin  grammar,  was  printed  with  such  type.  There  was  no  oil  in  the  com- 
position of  the  ink,  so  that  it  can  be  washed  out  with  water.  But  Gutenberg's  great  object 
— with  which,  doubtless.  Fust  sympathised — was  to  print  a  complete  copy  of  the  Bible.  A 
manuscript  copy,  on  vellum,  was  at  that  time  worth  an  estate,  and  the  idea  seems  to  have  been 
to  imitate  in  type  the  written  character  of  the  period,  and  pass  the  printed  copies  off  as 
manuscript.  We  are  not  informed  as  to  how  the  m.any  difficulties  of  this  undertaking  were  met 
and  overcome.  That  they  were  numerous,  and  called  for  much  patience  and  self-denial  during 
the  three  years  that  were  occupied  on  the  task,  cannot  be  doubted.  Some  writers  have 
supposed,  from  the  defective  appearance  of  the  letters,  that  Gutenberg's  Bible  was  printed  with 
wooden  movable  types.  There  can  be  no  doubt,  I  think,  of  the  fact,  that  Gutenberg  used 
metal  types,  and  that  he  contrived  matrices  for  casting  them.  It  is  not  known  what  material  he 
used  for  his  matrices ;  they  were  probably  of  lead,  or  of  lead  and  tin.  A  Paris  type-founder 
has  proved  by  experiment  that  letters  can  be  cast  in  such  a  matrix;  that  from  fifty  to  sixty 
letters  can  bo  produced  from  one  matrix,  but  that  the  finer  lines  become  gradually  lost.  This,  it 
is  thought,  will  account  for  the  fact  that  letters  of  the  same  name  and  in  the  same  page,  in  one  of 
Gutenberg's  hooks,  show  considerable  differences  in  sharpness  and  definition.  Fust's  trade  as  a 
goldsmith  must  have  made  him  acquainted  with  the  various  methods  of  working  iu  metal;  and 
it  seems  that  attempts  were  made  to  cut  or  shape  the  type  sepaiately  by  hand  But  this  ib 
evidently  so  costly  a  process  that  it  must  soon  have  been  abandoned  Many  experiments  wae 
doubtless  tried,  and  money  was  spent.  Fust's  son-in-law  afteiwaids  stated  that  thev  hid 
expended  4,000  florins  before  they  had  jirintedthe  third  quatermonof  the  Bibk  ei  h  <in  iteini  n 
making  four  she.  i  .     'i-h.    |Ml;,ih,.  <-i'  li,     l;ihle  was  commenced  in  1  1    -    1  I  t 

have  been  diflieuiiii      ;     ,     -;     :,     .     ,         ,  iiii.nts,  more  capital     I   i  I 

that  year,  Fust  ail\  i  .■  i   ii   ,         '       ,      -,  retaining,  howevei     111  t 

on  the  former  sum,     « .ui.i.hr;','    -hUMnis ,  nei  doubt,  was  to  1 1   \    1     i|  I 

but  surely  the  cost  of  overcoming  it  ought  to  have  been  equilh     I    i     I   I  1      |      I     is 

Fust  ])robably  said,  "The  invention  is  not  complete  ;  show  how  i     I  |      in  t 

good  and  workman-like  manner,  and  at  moderate  cost,  and  then  1       1  i  |     1      i  ri 

Tliia  type-founding  was  Gutenberg's  weak  point,  and  ought  to  hixo  been  his  stion^est,  in  <  idci 
to  carry  out  his  invention.     Experienced  type-founders  and  printeis  have  carefully  exammeti 
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existing  copies  of  Gutenberg's  42-line  Bible,  as  it  is  called,  and  agree  as  to  the  imperfection  oi" 
the  casting  of  the  typo.  The  letters,  they  say,  though  similar  in  size  and  form,  are  deficient  in 
outline ;  the  edges,  points,  and  angles,  being  more  or  less  blunt.  All  this  shows  imperfect 
casting;  a  remark  which  equally  applies  to  the  other  books  printed  by  Gutenberg  daring  his 
connection  with  Fust.  A  brief  notice  of  these,  the  first  books  ever  printed  in  movable  tvije 
will  be  of  intovo.f.     Thoy  ^..n«i-^t  ct—  "      ' 

1.  llouoi  i,    I  I      :      !   .  .     ii!,  \,uh  wooden  movable  type,  and  partly  with  movable 

'"'"'TtI^  7^^m,;»y'^y«'^S'(J^^•'-:^.'■^''    ^'     ...  ,,:,i',    '""■';;''-"'';';,'"; ii,,,,,!^  a  copy  in 

tlie_Eoyal  Library,  .Munich;  on.,  ill  1  ,     l,,;i.,'>    L!    mh.!    I  .  i,,  ,.   .     -i   ,  .,     ,:    I      ',    ~i    -    lin^ny.     Tlic  book 

tin         :  '  :     I.  and  ends  with  wishing  fora  happy  new  year.    That  the  book  was  printed  at  the  end  of  1454  is 

|\  ^        ,      I    ;       I         1"  whom  it  is  addressed  died  on  the  24th  of  March,  1455.    The  work  is  printed  in  what  is  called 


c  of  42  lines,  finished  in  1 
1,-'S2  pages.     Each  pai;--  r 

;ontains  40  lines;  the  ii. 
the  distinctive  name  to  il 


I .  llieronymus  to  Paulinas  follows,  lli. 
The  work  was  printed  both  on  parclmii 
1.^— viz.  the  ox-head,  with  the  pole  and 


library.     The  original  edition  prol.:il.l\    1:  ■:  t  niu-third  would  be  on  parL-limnit. 

While  Gutenberg  was  tluu  .1  >\\\^  .   .1   ,  :'    :    -  i  '   -  nit   his  works,  ending  with  the 

stupendous  task  of  printing  tltuwliuk-  ui  iii>.  lii  '  ,  m  ';;  f  tinv\  a  keen-sighted  clever 
assistant  of  Fust,  named  Peter  Schoeffer,  was  1  '  '    ;  ^i   I'v  -ottiug  to  amderstand 

the  weak  point  in  Gutenberg's  proceedings,      ii     ■     \        \    ,  .    ,  ;     ^  it  partly  into  practice, 

and  secretly  communicated  it  to  his  master.  Fust,  ;  Im  '  ,i-  >  1.  Ii  :!it  i  with  it,  that  he  promised 
to  reward  "his  complete  success  with  the  hand  of  liis  daughter,  Christina,  and  a  share  in  the 
partnership,  iSehoeffer's  idea  was  this:- -to  cut  a  number  of  steel  ^j«/ic/ies,  according  to  the 
number  of  the  letters  of  the  alphabet,  or  of  the  sorts  required,  and  having  bestowed  the  gre.itest 
care  in  finishing  off  these  punches  in  the  most  artistic  manner,  to  harden  them,  and  use  eacii 
punch  for  generating  a  number  of  matrices,  each  of  which  would  fnrnish  any  number  of  letters 
by  casting.  For  example  ;  suppose  the  hardened  steel  punch  to  represent  the  letter  a  in  relief, 
this  punch  can  be  used  to  impress  that  letter  upon  the  softer  metal  of  the  matrix,  in  which  of 
course  it  will  be  sunk,  or  in  intaglio)  as  it  is  called.  From  this  matrix,  by  proper  arrangement, 
any  number  of  letters  may  be  fcast.  Having  once  got  the  punch  in  hard  steel,  any  number  of 
matrices  may  be  formed  by  its  means ;  so  that  any  number  of  type-founders  may  be  multiplying 
the  same  letter  at  the  saine  time.  This  was  the  first  part  of  Schoeffer's  invention,  iimii"!v,  the 
formation  of  the  punch,  The  second  part  referred  to  the  material  of  tli.'  i  f  .  I:  -l  <>i' 
using  a  soft  metal  liable  to  degradation  by  use,  as  Gutenberg  had  probablx  ■.  n;    i\.(l 

copper,  a  much  harder  and  more  durable  metal  than  lead  or  pewter,  wii,  ti  i.m  nl  r;  is 
supposed  to  have  used,  or  the  alloy  of  lead  and  tin,  which  was  melted  and  poured  int./  the  nicnld 
for  forming  the  type.  We  can  fancy  that  he  vpould  be  dissatisfied  with  the  blunt  castin,i;s 
produced  by  lead  or  pewter,  and  taking  advanta.ge  of  the  facilities  offered  to  men  whose  trade 
is  in  metal,  would  vary  the  composition  of  his  type-metal  until  ho  had  obtained  satisfactory 
results. 

Such  was  Schceffer's  invention,  the  hard  steel  punch  and  the  copper  matrix,  and  they 
continue  to  be  used  by  the  type-founders  at  the  present  day.  Whether  Schoeffer  discovered 
the  value  of  the  metal  antimony  in  causing  tlie  type  metal  to  fill  the  mould,  and  so  produce 
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sharp  characters,  cannot  now  be  ascertained.  Antimony  was  known  at  tlie  time,  for  it  formed 
the  subject  of  many  experiments  by  the  monlc  and  alchemist,  Basil  Valentine,  early  in  the 
century  to  which  we  refer.  It  possesses,  in  common  with  water,  the  remarkable  property  of 
expanding  when  it  passes  from  the  molten  or  liquid  into  the  solid  state ;  so  that,  like  ice,  the 
solid  is  a  little  lighter  than  the  liquid,  and  floats  upon  it.  Good  type  metal  is  composed  of  two 
parts  of  lead,  one  of  tin,  and  one  of  antimony  ;  sometimes  a  little  copper  is  added.  The 
antimony  not  only  makes  the  metal  fill  the  mould,  but  confers  toughness  on  the  alloy,  and 
sufficient  hardness  to  bear  the  wear  and  tear  of  the  press,  but  not  hard  enough  to  cnt  the  paper. 

Schceffer's  improvements  are  undoubtedly  of  first-rate  importance,  and  were  felt  to  be  such 
both  by  master  and  man.  Hence  they  were  carefully  concealed  from  Gutenberg,  who  was 
allowed  to  go  on  with  his  imperfect  materials  until  he  had  finished  printing  the  Bible.  Some 
suppose  that  Schoeffer  invented  his  method  about  the  time  when  the  third  quaternion  had  been 
worked  oft"  and  that  the  type  having  been  so  much  improved,  the  sheets  already  printed  were 
cancelled,  and  the  work  begun  over  again  in  the  new  type.  A  comparison,  however,  of  the 
first  work  printed  by  Fust  and  Schoeffer,  after  having  separated  from  Gutenberg,  shows  con- 
clusively that  Gutenberg  had  no  share  in  Schceffer's  invention  ;  for  whereas  Gutenberg's 
letters  are  of  uncertain  and  feeble  expression,  those  of  Fust  and  Schmffer  are  sharp,  clear,  and 
distinct.  Even  ai'ter  the  separation,  when  Gutenberg  had  a  printing-office  of  his  own,  his 
letters  are  still  inferior,  showing  that  he  was  not  master  of  Schceffer's  invention,  or  at  least  did 
not  possess  the  whole  of  its  secret. 

The  time  having  arrived,  that  is.  Fust  having  made  all  the  use  he  could  of  Gutenberg,  a 
separation  was  determined  on,  and  the  grounds  of  separation  were  not  far  to  seek, — namely, 
the  non-payment  of  interest  on  money  which  ought  to  have  been  partnership  capital.  In 
October,  or  perhaps  a  little  earlier.  Fust  commenced  law  proceedings,  and  the  law  on  tliia 
occasion  must  have  quickened  its  usual  tardy  pace,  for  the  cause  was  decided  on  the  Gth 
November  following,  in  the  dining-hall  of  the  Franciscan  monastery  opposite  Fust's  house. 
^Vc  learn  from  the  record  of  the  proceedings  that  on  this  day,  between  eleven  and  twelve, 
John  Fust,  accompanied  by  his  brother  Jacob  as  spokesman,  ajipeared  before  the  notary, 
Ilclmasperger,  the  monks  being  in  their  cells.  Jacob  Fust  inquired  whether  John  Gutenberg 
or  iiis  attui;;^  ;,  ■.■,  i  |  iv- nt.  Whereupon  the  priest,  Chiinther,  of  St.  Christopher's,  and  two 
of  Guti'iil'  '  1  journeymen,  came  forward,  and  said  they  were  sent  by  Gutenberg 

to   see   w'li.i Thereupon    Fust  required   that  as  the   day  had    arrived,    and 

Gutenbor-  li:  I  i,  t  iq  p  n^d  in  person,  judgment  should  be  passed.  The  plaintiff's  declaration 
was  now  read,  togotlicr  witli  the  defendant's  plea,  as  well  as  the  judgment  or  verdict.  The 
declaration  stated  that  he,  John  Fust,  had  agreed  to  lend  John  Gutenberg  800  florins,  at  G  per 
cent.,  for  the  completion  of  a  certain  work,  whether  that  work  cost  less  or  more  ;  that  he,  Fust, 
had  himself  to  borrow  this  money  at  interest ;  that  he  liad  I  i  i  <:,..,  ;,!  ,  ,  ;  a  toc.ind  sum  nf  800 
florins;  that  interest  had  not  been  paid  on  those  sums,  aii.i  :i  ,  •  :  i  :  i,  !  in,!  lo  ynx  it  liiinseh'; 
that  in  order  to  raise  the  money  he  had  to  go  about  aun  :  i  <  i  i  ::  ma  .lews,  and  had  to 
pay  largo  usuries;  so  that  altogether,  including  capital  ,  i,  ;  ■mi-',  la  had  a  chiiiii  a-ainst 
Gutenberg  amounting  to  2,050  florins,  the  payment  of  which  he  demanded  witliout  delay. 

Gutenberg's  answer  was  to  the  effect  that,  according  to  agreement.  Fust  was  to  lend  him 
800  florins  for  the  purchase  and  preparation  of  plant,  which  was  to  be  Fust's  security.  Fust 
was  to  p.ay  300  florins  a  year  for  expenses,  and  in  the  event  of  disagreement,  Gutenberg  was  to 
pay  back  the  800  florins,  and  then  the  plant  was  to  be  free  from  encumbrance.  The  800  florins 
referred  to  the  plant  only,  and  Gutenberg  hoped  it  would  not  be  considered  that  it  was  his 
duty  to  expend  any  of  the  800  florins  on  parchment,  paper,  ink,  compositors'  wages,  and 
presswork.  It  was  true  that  6  per  cent,  interest  was  in  the  agreement,  but  Fust  had  promised 
not  to  charge  him  with  interest.  It  was  further  stated  that  the  800  florins  had  never  been  paid 
in  full  ;  that  with  respect  to  the  second  800  florins,  he  would  furnish  Fust  with  an  account  how 
that  sum  had  been  expended  ;  that  he  had  no  right  to  charge  interest  on  this  sum,  still  less 
compound  interest. 

The  judgment  of  the  court  was  that  Gutenberg  should  account  for  all  sums  he  had  received 
and  had  expended  for  the  partnership,  and  all  payments  for  parchment,  pajicr,  compositors' 
wages,  and  presswork,  and  then  that  the  stock  in  hand  be  sold  for  the  mutual  a  ;>  ,ii,t  ilj^  ,,t'  the 
]iartners.  AH  money  expended  by  Gutenberg  for  plant  to  be  included  in  1 1  ■  il  :  loi- 
which  the  plant  was  in  pledge;  but  other  money  advanced  by  Fust,  and  ik  i  >  :.|  .•:  d;  :  i  the 
benefit  of  the  partnership,  to  be  repaid  by  Gutenberg,  Fust  to  declare  on  uatli  liiat  Ik-  dud  nut 
advance  those  sums  out  of  his  own  capital,  but  had  to  borrow  the  money  and  pay  interest  for 
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it ;  Gutenberg  in  such  case  to  repay  the  interest  accordiug  to  the  agreement.  This  oath 
liaving  been  taken,  the  proceedings  terminated. 

The  great  unfairness  of  the  agreement  which  Fust  insisted  on  carrying  out  to  the  letter  lies 
in  the  fact  tliat  Fust  sliould  lend  money  to  Gutenberg  for  plant,  and  tlien  put  himself  in  the 
condition  of  a  mortgagee  on  such  plant,  while  without  it  they  could  not  print  the  books  in 
which  Fust  took  an  equal  share,  while  both  partners  shared  equally  in  the  other  expenses,  such 
as  parchment,  paper,  compositors',  and  press  work,  &c.  Still  it  may  be  said  that  the  whole 
impression  of  the  Bible,  as  well  as  of  the  smaller  works,  was  partnership  property,  and  the  sale 
of  the  first  printed  Bible,  one  would  suppose,  would  have  been  abundantly  sufficient  to  have 
enabled  Gutenberg  to  discharge  all  his  obligations  to  Fust,  and  to  have  retired  with  a 
handsome  sum  in  hand.  Fust's  crafty  agreement,  however,  prevented  so  reasonable  a  course. 
Not  a  single  copy  of  the  Bible  was  allowed  to  be  sold  until  Gutenberg  had  satisfied  tlie 
inexorable  claim.  By  fl:'  i.  :.  ;  lyment  of  the  first  800  florins  and  interest.  Fust  became 
possessed  of  the  ]-l;i;  f,  i    ;.  ,  ,.  &c,  ;  and  for  a  similar  default  respecting  the  second  800 

florins  and  interest,  i  !. -in-trade  was  seized  by  Fust.     Fust  stated  that  the  second 

800  florins  had  boon  mi  it  I'V  <  mk.  nberg  on  his  own  affairs,  and  the  court  apparently  recognised 
this  statement  by  ordering  that  all  pavments  by  Gutenberg  for  plant  should  be  included  in  the 
first  800  florins.  The  making  out  of  accounts  was  probably  a  matter  of  difficulty  and  dis- 
satisfaction. Gutenberg,  a  noble  by  birth,  and  attached  to  mechanical  pursuits,  was  not  likelv 
to  have  the  virtues  of  a  book-keep?r,  and  while  Fust  required  the  expenditure  of  every  penny 
of  his  money  to  be  accounted  for,  Gutenberg  would  rather  deal  witli  tlio  whole  in  a  lump, 
without  going  into  minute  details. 

Thus,  after  years  of  incessant  toil  in  carrying  out  his  invention,  and  the  production  of  a 
complete  edition  of  the  Bible,  printed  for  the  first  time,  Gutenberg  saw  himself  deprived  of  the 
fruit  of  his  labour,  and  had  to  begin  life  anew.  So  little  is  the  man  honoured  by  the  Groat 
Disposer  of  events,  that  in  carrying  out  a  process  which  was  to  spread  His  \Vord  over  the  face 
of  the  earth,  the  inventor  falls  to  the  ground,  and  the  grasping,  selfish  capitalist  prospers. 
Even  after  Fust's  death  the  younger  Fusts  pursue  the  relatives  of  the  childless  Gutenberg  with 
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liigli  an  illuniinatiou  and  free  gift  of  grace  as  that  by  which  this  book  is  produced,  not  by 
meana  of  a  reed,  stile,  or  pen,  but  through  the  remarlcable  discovery  and  worldng  together 
of  punches  and  matrices."  Then  follow  four  Latin  verses  of  praise  and  honour  to  the  Holy 
Trinity  and  the  Virgin.  Gutenberg  does  not  attach  his  name  to  the  above  colophon,  some  say 
on  account  of  his  noble  extraction  ;  bnt  noblemen  at  the  time  did  not  object  to  exercise  arts 
which  produced  proiit,  and  printing  soon  became  to  be  thought  so  noble  an  art,  that  printers 
were  allowed  the  gentleman's  privilege  of  wearing  a  sword.  Others  suppose  that  Gutenberg 
withheld  bis  name  on  account  of  the  inferiority  of  his  work  to  that  of  Schoeffer,  Gutenberg's 
ill-defined  type,  and  badly  shaped  initial  letters,  contrasting  painfully  with  Schceffer's  well-cut 
type  and  splendidly  coloured  wood-cut  letters. 

Meanwhile  Fust  and  Schceffer  brought  out  several  works,  including  a  Latin  Bible,  in 
beautiful  Gothic  Latin  type.  This  work  appeared  on  the  25th  of  June,  1462,  soon  after  which 
an  event  occurred  which  at  first  sight  woidd  seem  to  be  most  disastrous  to  the  prospects  of  the 
young  art,  but  really  was  most  useful  to  its  welfare.  On  the  28th  October,  1462,  the  town  was 
besieged  by  Adolphe  von  Nassau,  who  had  been  appointed  by  the  Pope  Archbishop  of 
Mayence,  in  place  of  the  deposed  Archbishop  Diether  von  Isenberg.  The  city  fell  after  a  stout 
resistance,  and  was  sacked  and  partly  burnt.  Fust's  house  was  destroyed  by  fire,  the  printers 
were  dispersed,  and,  travelling  to  different  cities,  set  up  printing  presses  on  their  own  account. 
Fust's  house  was  begun  to  be  rebuilt  in  the  spring  of  1463,  and  it  was  not  ready  for  occupation 
by  the  partners  until  late  in  1465.  In  the  interval  the  art  was  gaining  strength,  and  exciting 
the  admiration  of  mankind  in  other  parts.  Gutenberg's  house  seems  also  to  have  suffered  so 
much  in  the  siege  that  he  made  no  further  attempts  at  printing.  He  entered  into  the  service 
of  the  new  archbishop,  while  Dr.  Humery  took  possession  of  the  printing-house  and  sold  the 
plant  to  a  citizen  of  the  town.  Gutenberg  died  somewhere  about  February,  1468.  He  was 
poor  and  childless,  and  his  death  excited  no  remark  in  the  town  he  had  so  much  benefited. 
One  of  his  relatives,  after  an  interval,  erected  a  stone  to  his  memory,  from  which  it  appears  that 
his  bones  rested  in  peace  in  the  church  of  .St.  Francis,  at  Mayence.  His  arms  were  placed  over 
his  tomb  ;  but  both  tomb  and  arms  were  destroyed,  it  is  supposed,  about  the  time  when  the 
town  was  taken  by  the  Swedes,  on  the  13th  of  December,  1631,  and  the  Jesuit  College  turned  into 
barracks.  The  tomb  was  probably  either  destroyed  by  the  troops  or  by  the  equally  destructive 
processes  of  the  restorer  during  the  subsequent  repairs.  Diligent  search'  was  made  for 
Gntenberg's  tomb  in  1728,  bnt  no  trace  of  it  was  to  be  found. 

The  house  of  Fust  and  Schoeffer  continued  to  flourish,  and  to  issue  works,  which  even  in  the 
present  day  are  regarded  as  masterpieces  of  typography.  But  it  must  be  remembered  that  the 
illuminated  manuscript  books  of  the  period  had  attained  their  highest  excellence,  and  served  as 
worthv  models  for  the  first  printers.  The  highly  illuminated  MSS.  on  vellum  to  be  seen  in 
tir  T.ii  1,1,  \  >  r  fli.'  British  Museum  will  enable  the  reader  to  judge  of  the  beauty  and  costliness 
I  re  printing  was  introduced.  Within  two  years  after  Gutenberg  had  been  so 
-11  '      ■    i,  namely,  on  the  14th  August,  1457,  Fust  and  Schoeffer  brought  out  a  splendid 

!'-  il;.  1  -t  _'i  ^  l''ig'?s  folio,  the  first  production  of  the  printing  press  that  contains  the  date,  the 
printer's  name,  and  the  place.  The  colophon  is  in  Latin,  and  may  be  translated  as  follows  :  "  The 
present  Psalter,  adorned  with  beautiful  capitals  and  a  distinctive  Eubric,  has  been  produced  to 
the  glory  of  God,  by  means  of  types  without  any  use  of  the  pen,  by  the  industry  of  John  Fust, 
citizen  of  Mayence,  and  Peter  Schoeffer,  of  Gernsheim,  a.d.,  1457,  on  the  eve  of  the  Assumption." 
In  the  atlas  of  plates  attached  to  Witter's  treatise  already  referred  to  are  a  number  of 
lithographic  facsimiles  selected  from  this  magnificent  work,  including  some  of  the 
illuminated  capital  letters  (of  which  there  are  288  in  the  original).  There  are  also 
facsimiles  of  a  portion  of  Gutenberg's  Bible,  so  that  the  reader  can  compare  the  two.  and 
notice  how  very  superior  is  the  work  of  Fust  and  Schoeffer.  The  Psalter  is  printed  in 
missal  type  of  two  sizes,  and  resembles  the  Church  choral  books  of  the  period.  The  ink  is  of  a 
beautiful  black,  made  with  oil,  and  insoluble  in  water,  so  that  in  this  respect  also  a  great  advance 
had  been  made.  The  cost  of  bringing  out  this  work  must  have  been  enormous,  and  there  is  a 
tradition  that  the  printers  were  assisted  in  the  undertaking  by  the  Knights  of  St.  Alban's,  and 
also  by  the  Benedictine  monastery.  A  copji  was  purchased  in  1^17  fur  the  Ruyal  Library  at 
Paris  at  the  price  of  £480.     At  the  present  day  a  cojiv  \- unM  i         ,i  ,  i,-,   liiu.stliat 

sum.     In  August,  1459,  a  second  edition  of  this  work  a]>|  :    i    in  lUe 

first  edition  (such  as  ^^jatewj'iim  for  Psa?mo!'!mi)  are  ci  HI.  ..n:     year 

also  appeared  the  Rationale  Darandi,  a.  treatise  on  the  litL.ij,;^>.i  ..,..^..  ...  l.._  ,,  .,;,;eli,  ul  '^'M 
folio  pages  ;  on  the  25th  of  June,  1460,  the  Conslituliones  CltimiUii   V.,  of  102  folio  pages  ;  and 
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CHAKACTER  OP  THE  INVENTOR. 

I  tlie   14th   ot   August,   14G2,  the  celebntod  Latui  Bible,  Biblin   Sac 
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The  first  town  that  followed  the  example  of  May^ 
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a  had  his  press  at  Westminster  in  1474;  and  ther 
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then,  is  the  history,  so  far  as  it  has  been  ascertained,  of  the  firs 
type.  There  are  some  reflections  and  details  which  seem  to  connect  tliems 
naturally  with  this  great  invention  but  which  we  can  only  glance  at  in  this  place.  ' 
relate  to  certain  pecnUarities  which  seem  to  belong  to  every  great  invention,  and  by  a  : 
invention  I  mean  one  that  has  had  a  marked  influence  on  the  intellectual  and  sociid  coiiditi 
men,  making  them,  in  many  respects,  different  after  the  invention  to  what  tlioy  were  before 
has  been  the  business  of  a  consielerable  portion  of  my  life  to  inquire  into  other  men's  inveni 
and  if  I  had  to  write  a  history  of  invention  I  should  arrange  it  under  three  great  heads,  nai 
prst,  the  inventor;  second,  the  time  of  the  invention  ;  and,  third,  the  effect  of  the  inven 
or  more  briefly,  the  man — the  time — the  effect. 

And  first,  as  to  the  inventor.  He  may  be  a  good  man ;  he  may  be  a  bad  man  ;  ho  ma 
and  indeed  generally  is,  a  man  keenly  alive  to  his  own  interest,  for  which  he  is  contei 
sacrifice  time  and  health,  and  is  often  indifferent  to  fame.  Such  is  in  general  the  man  to  w 
we  erect  statues,  and  fall  into  a  species  of  idolatry  which  bears  the  milder  name  of  "  1 
worship."  That  this  practice  is  reproved  in  the  order  of  Providence  is,  I  think,  manifei 
the  fae-t   that   the  most   important  of  the  useful  arts,   such   as  agriculture,   metallurgy,  tani 


xvi  TIME    OF   A    GREAT   INVENTION. 

baking,  &c.,  have  no  history.  They  involve  difficult  and  recondite  procegsp.%  and  indicate,  in 
the  absence  of  science,  the  teaching  of  a  higher  power,  as  indeed  we  are  expressly  informed  in 
several  passages  of  Holy  Writ.  "  This  also  cometh  from  the  Lord  of  Hosts."  *  That  we  should 
give  God  the  glory  is  also  manifest  from  the  fact  that  in  comp.iratively  modern  inventions  of 
importance,  the  identity  of  the  inventor  is  seldom  made  out.  In  many  cases  we  do  not  even 
know  his  name.  We  know  very  little,  T  may  say  nothing,  about  the  inventor  of  gunpowder, 
and  absolutely  nothing  as  to  the  inventor  of  the  mariner's  compass.  But  it  may  be  said  the 
authors  of  these  great  inventions  are  lost  in  the  dust  of  ages,  because  there  have  been  the  ages 
to  accumulate  the  dust.  Well,  then,  take  such  recent  inventions  as  cotton  machinery,  railways, 
the  locomotive,  and  the  electric  telegraph.  Arkwright  certainly  never  made  out  his  claim  to 
the  invention  of  the  first,  and  it  is  not  possible  to  point  to  one  inventor  of  the  second  and  third  ; 
and  as  to  the  fourth,  it  is  claimed  by  the  Danes,  the  French,  the  Germans,  the  Americans  ; — 
we  believe  the  inventor  to  be  an  Englishman,  distinguished  for  many  striking  discoveries  in 
Physical  Science.  But  to  go  back  to  printing;  surely  there  is  no  doubt  about  Gutenberg's 
claim  to  the  invention  of  printing  with  movable  types.  No  doubt !  Why  seventeen  cities  claim 
the  invention,  and  one  of  those  cities,  namely,  Haarlem,  in  Holland,  has  actually  erected  a 
statue  to  one  Laurence  Koster,  the  so-called  inventor  of  printing  with  movable  types.  And 
the  Dutch  even  go  further  than  this;  they  assert  that  Gutenberg,  disguised  as  a  workman, 
entered  Koster's  service  under  the  name  of  John,  and  actually  stole  the  invention  from 
his  master  ;  not  the  idea  only,  but  the  actual  wooden  movable  types,  with  which  Koster  is  said 
to  have  printed  a  Donatus,  a  Latin  Grammar,  and  other  small  works,  some  years  before  any  one 
had  lieardof  Gutenberg's  invention;  and  that  he  was  so  dispirited  at  the  loss  that  he  abandoned 
printing.  In  eases  of  this  kind  all  one  can  do  is  to  weigh  the  evidence  as  judicially  as  possible, 
and  apportion  to  each  man  his  claim.  I  do  not  think  the  evidence  in  favour  of  Haarlem 
sufficient  to  maintain  the  serious  charge  against  Gutenberg;  but  there  are  acute-minded  men 
who  do.  I  do  not  mean  Dutch  writers,  who,  we  may  suppose,  have  national  prejudices,  but 
acute  Frenchmen,  such  as  M.  Laborde.-j-  He  does  not  exactly  go  with  the  charge  of  theft,  but 
thinks  it  made  out  that  in  1423  Laurence  Koster  printed  a  Donatus  in  wooden  movable  types, 
and  that  the  book,  being  hawked  about  the  neighbouring  countries,  attracted  Gutenberg's 
attention,  and  that  he  set  to  work  to  imitate  it  about  the  year  1437. 

In  the  second  place,  as  to  the  time.  When  the  Apostle  writes  of  "  the  times  or  the  seasons 
which  the  Father  hath  put  in  His  own  power,"  he  includes,  I  think,  in  those  words  a  broad 
principle  of  action  in  God's  providence.  Jly  reading  has  taught  me,  respecting  these  great 
inventions,  that  if  the  time  in  the  order  of  Providence  has  not  yet  arrived,  the  invention  is  not 
made,  even  though  all  the  materials  for  it  exist,  and  the  idea  seems  to  be  floating  in  men's  minds, 
and  they  talk  and  reason  together  about  it.  As  in  that  memorable  walk  to  Emmaus,  the  disciples 
were  communing  and  reasoning  together  about  their  Lord  and  Master,  when  He  drew  near 
and  went  with  them  and  questioned  them,  "  but  their  eyes  were  holden  that  they  should  not 
know  him."  It  is  so  with  the  materials  of  a  great  invention.  These  are  apparently  all  at  hand, 
but  men's  eyes  are  holden  so  that  they  cannot  seize  and  appropriate  the  idea,  and  the  reason  is 
that  the  time  has  not  yet  arrived.  They  talk  about  the  thing  and  declare  it  impossible ;  the 
tliina-   is  done,  and  then  they  say  it  is  so  simple  a  child  might  have  found  it  out.| 

The  ancient  Romans,  we  have  seen,  knew  how  to  multiply  impressions  by  stamping,  which 
is  a  kind  of  jirinting.  I  have  now  to  show  that  the  idea  of  mov.able  types  was  among  them,bnt 
their  eyes  were  holden  ;  they  could  not  see  what  important  results  would  arise  from  pushing  this 
idea  to  its  legitimate  conclusion.  There  was  doubtless  a  purpose  in  this.  Had  the  ancient 
Romans  been  possessed  of  this  great  invention  their  books  would  have  been  multiplied  indefinitely, 
and  readers,  instead  of  being  coufiued  to  the  wealthy  and  the  learned,  would  also  have  been 
nmltiplied  indefiniteh',  and  the  world  become  so  saturated  with  Paganism,  that,  humanly 
speaking,  the  spread  of  Christianity  would  have  been  impossible.  That  the  Romans  were 
accustomed  to  the  idea  of  separate  letters  in  some  solid  material  (type  in  fact)  is  evident  from  a 
passage  in  Cicero,  who  in  common  with  all  good  writers  draws  his  figures  of  speech  from  familiar 
objects.  In  his  treatise  respecting  the  nature  of  the  gods,  he  is  arguing  against  the  atheistic 
idea  that  this  wonderful  and  beautiful  world  should  have  been  formed  by  chance,  or  by  a 
fortuitous  concourse  of  atoms,  and  remarks  that  he  would  as  soon  believe  that  if  a  countless 

»  Is.iuih  xxviii.  29  (see  also  ver.  26) ;  Exodus  xxxi.  3 ;  xxsvi.  1 ;  1  Kings  vii.  14. 
t  DelmU  (U  I'lmprimerie  Ci  Stnisliouri,.     Also,  ^-ouvelles  Hecherches  svr  VImprimaie.    Paris,  ISJO. 
j  "  We  see  the  levity  .ind  inconstancy  of  men's  judgments,  which,  till  a  matter  be  done,  wonder  that  it  can  be  done . 
and,  as  soon  .is  it  is  done',  wonder  again  that  it  was  no  sooner  done." — Bacon.  De  Avgmentis,  lib.  i. 
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iiuiubcrof  the  twenty-one  letters  of  the  alphabet,  made  of  gold  or  other  material,  were  thrown  upon 
the  ground,  they  would  arrange  themselves  so  as  to  form  the  text  of  the  book  known  as  the 
"  Annals  of  Eunius."  "  I  doubt,"  he  naively  adds,  "  whether  fortune  (chance)  could  make  a 
single  verse  of  them."  (Lib.  ii.,  c.  20.)  Now  here  we  have  what  a  modern  printer  would  call 
a  "  fount  of  type,"  with  a  suggestion  for  arranging  the  letters  in  a  required  order  ;  yet  uo  one 
seems  to  have  thought  of  pushing  the  idea  further,  so  as  to  multiply  books  rapidly,  and  supersede 
the  existing  method  of  multiplying  manuscripts  slowly.  Again,  Quintilian,  who  lived  about  140 
years  after  Cicero,  expresses  his  opinion  that  children  may  be  taught  to  read  more  easily  by 
giving  them  the  separate  letters  cut  out  in  ivory  to  play  with.  Here  again  we  have  the  idea  of 
movable  type.  There  is  also  a  letter  early  in  the  fifth  century  in  which  St.  Hieronymus  replies 
to  a  Roman  lady  named  Lceta,  who  asked  him  as  to  the  best  method  of  teaching  her  daughter 
Paula  to  read.  He  recommends  that  the  several  letters  be  cut  out  in  box  or  ivory,  and  used  as 
playthings.  The  names  may  be  taught  in  play  by  shifting  them  about,  so  that  what  was  in  the 
middle  may  now  be  at  the  top,  now  at  the  bottom.  Here  again  we  have  the  idea  of  composing 
with  movable  type. 

We  may  take  later  examples.  Daring  the  middle  ages  men  were  long  accustomed  to  carve 
inscriptions  in  stone,  to  in.scribe  the  brasses  of  tombs,  and  to  cast  bells  with  inscriptions  on  them 
In  this  last  operation  the  letters  and  ornaments  were  in  reverse,  and  were  cut  in  the  outer  mould 
or  cope,  the  clay  of  which  was  softened  for  the  purpose  ;  or  they  were  formed  in  wax,  and  fixed 
on  the  clay  thickness  before  making  the  cope.  If  the  latter  had  been  adopted,  the  separate 
letters  in  reverse  must  have  been  composed  as  the  printers  call  it,  and  we  thus  have  another  of 
the  essential  steps  in  the  art  of  printing  in  movable  types  presented  to  men's  eyes,  but  withheld 
from  their  understanding. 

It  is  the  same  with  other  great  inventions.  The  directive  power  of  the  loadstone  is  said  to 
have  been  known  to  the  Chinese  as  early  as  the  tenth  century,  and  to  have  been  actually  used 
by  them  as  a  lode  or  leading  stone  in  crossing  the  deserts  of  Tartary.  Gunpowder  was  also 
known  to  that  reui.iii  :ii  1  ■  p  |i  .  Tut  botli  inventions  were  several  centuries  in  finding  their 
way  to  Europe,  anl     ,  :  ;  i      4  in  a  manner  the  Chinese  had  but  little  idea  of.     Just  at  the 

tinie  when  the  fer.u  ,,,    :,  ,  I   done  its  work,  and  the  towns  had  risen  into  wealth   and 

importance,  and  uali  lul  •  v  l.iii.Jy  jiuwer  was  required  for  the  stability  of  the  jieople,  the  barons, 
who,  shut  up  in  their  stronghoWs,"  resisted  the  argument  of  nationality,  could  not  resist  the  more 
solid  argument  of  a  cannon-ball.  So  again,  when  the  national  prosperity  required  a  wide 
extension  of  commerce,  the  compass  lent  itself  to  that  extension  just  at  the  time  when  it  was 
wanted.  The  same  remark  applies  to  railroads  and  locomotiv  .  AV','  !;  .1,1-  i.ld  modes  of 
conveyance  were  inadequate  to  the  wants  of  the  community,   la:'  inntives  were 

introduced  in  spite  of  determined  opposition.     The  electric  tcl.    :  ij  winced  a  little 

before  its  time,  and  it  had  well-nigh  failed  in  consequence.  An  cxji  1  in.  i.!)!  1  n  ■  had  been  laid 
down  on  the  Great  Western  Railway  from  London  to  Slough.  It  proved  its  capacity  for  work 
by  the  transmission  of  messages ;  but  so  little  effect  did  it  produce,  that  the  proprietors  were 
under  orders  to  remove  it  as  a  useless  encumbrance,  when  a  singular  circumstance  arose.  A 
man  who  had  to  support  a  poor  old  housekeeper  went  down  to  see  her,  with  a  bottle  of  iiorter 
in  one  pocket  and  a  bottle  of  poison  in  the  other.  He  mixed  the  two  together,  and  she  fell  dead 
at  his  feet.  He  returned  to  London  by  the  only  line  that  had  an  electric  telegraph  ;  and  while 
on  his  way  up  to  town,  a  message  was  "flashed  along  the  wires  to  London  to  arrest  a  man  dressed 
in  a  particular  fashion,  on  a  charge  of  murder.  The  man  was  arrested,  tried,  and  executed ; 
and  electric  wires  were  not  long  in  being  stretched  over  the  earth's  surface,  and  sunk  in  the  sea 
to  enable  people  and  nations  separated  by  distance  to  talk  together.  It  may  be  said  that  in  all 
inventions  necessity  is  the  parent — that  men  feel  a  want  and  seek  to  gratify  it,  and  hence  the 
uncertainty  both  as  to  the  inventor  and  the  time  of  the  invention.  Such,  however,  is  not  the 
case.  Men  may  suffer  practical  inconveniences  of  all  kinds  during  long  years,  and  even 
centuries,  for  want  of  a  particular  invention  (the  compass,  for  example),  and  yet  the  invention 
does  not  appear.  A  careful  study  of  the  subject  will  nearly  always  explain  to  us  why  the 
invention  was  delayed  so  long ;  and  I  cannot  help  thinking  that  such  an  inquiry  would  be  worth 
making. 

In  the  third  place,  as  to  the  effect.  The  effect  of  an  invention  upon  ourselves  depends  very 
much  upon  the  circumstances  whether  we  grow  up  to  the  invention,  or  the  invention  grows  up 
to  us.  In  the  former  case  we  take  things  as  a  matter  of  course,  just  as  we  do  sunrise  or  the 
succession  of  seasons.  The  most  complicated  invention  that  we  grow  up  to  sinks  down  to  the 
level  of  our  daily  experience,  and  we  are  apt  to  slight,  or  at  least  to  disregard  it.      When, 
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however,  the  invention  grows  up  to  us,  and  we  trace  it  through  its  uncertain  infancy,  its  more 
hopeful  youth,  its  vigorous  maturity,  we  have  generally  to  pass  through  the  reasoning  process 
hy  which  these  results  have  been  obtained ;  and  we  thus  become  much  more  impressed  with  a 
new,  thau  with  an  old  invention,  though  of  equal  or  greater  merit.  For  example,  young  persons 
regard  the  electric  telegraph  very  much  as  a  matter  of  course.  They  have  grown  up  to  the 
invention,  and  think  the  sending  a  message  by  such  a  channel  a  very  ordinary  affair.  I  confess 
that  is  not  my  feeling.  I  go  into  an  office  in  London  and  say  I  want  to  ask  a  question  in 
Edinburgh,  upwards  of  400  miles  off.  I  put  my  question,  and  the  clerk  requests  me  to  look  at 
the  paper  for  a  few  minutes  \Yhile  he  sends  my  message.  There  is  a  little  clicking  noise,  and 
then  all  is  quiet.  In  a  few  minutes  a  bell  rings,  there  is  another  clicking  noise,  and  there  is  the 
answer  to  my  question,  both  question  and  answer  having  travelled  400  miles  during  this  short 
rpace  of  lime.  I  was  once  in  a  room  at  Manchester  where  the  wire  was  open  all  through  the 
l.oUO  miles  to  St.  Petersburg,  and  Manchester  conversed  with  the  Russian  city  with  the 
greatest  ease.  All  this  is  even  now  so  strange  that  I  have  to  go  over  the  steps  of  the  process 
every  time  I  witness  such  a  result. 

But  as  I  have  already  said  so  much  about  the  art  of  printing,  I  will  illustrate  the  effects 
of  a  great  invention  by  its  means.  Every  child  who  reads  knows  something  of  the  value 
and  effect  of  printing.  Let  us  then  try  to  realise  the  condition  of  society  when  there  were 
no  books.  The  ancient  Romans  had  books,  or  rather  rolls,  of  parchment  or  papyrus. 
They  had  ink  of  various  colours,  and  several  modes  of  writing.  They  had  a  highly-polished 
literature,  and  an  intellectual,  though  comparatively  small,  reading  public  in  every  town  and 
camp  of  their  vast  empire.  When  at  the  beginning  of  the  fourth  century  prodigious  swarms 
of  barbarians  invaded  the  empire,  they  found  a  learned,  artistic,  over-refined,  and  physically 
weak  people.  These  rnde  invaders  at  once  associated  weakness  with  learning,  and  desp;sed  it. 
Procopius  has  preserved  a  remark  of  one  of  these  barbaric  chiefs.  He  said,  "  If  my  sou  is 
accustomed  to  tremble  under  the  rod  of  a  pedagogue,  he  will  never  look  on  a  sword  or  a  spear 
with  a  steady  eye." 

Tlie  first  barbarians  that  settled  down  in  the  country  they  had  conquered  were  themselves 
•invaded  by  barbarians  still  more  fierce  and  warlike,  who,  after  repeated  struggles,  gained 
1  '  '.1  '  i'  il.     fairest  portions  of  the  empire.     But  during  this  time  letters  and  learning,  arts 

'     :  '  .swept  away,  and  tlie  profession  of  arms  was  alone  held  in  esteem. 

!i  i:  -.  ik  as  the  most  calamitous  and  afflicting  period  of  the  world's  history  the  176 
y  ,  \m:\^  h  ■  ;  ,].  d  between  tlie  death  of  Theodosius  the  Great  (a.d.  395),  and  the  "establish- 
ment of  the  Lombards  in  Italy  (a.d.  S71).  The  ruin  occasioned  by  the  barbarians  is  compared 
by  contemporary  writers  to  the  havoc  of  earthquakes,  conflagrations,  and  deluges.  Whole 
cities  became  depopulated;  fertile  lands  changed  into  swamps;  and  desolation  and  woe  every- 
where prevailed. 

Towards  the  close  of  the  sixth  century,  the  barbarians  having  devoured  the  land  and  its 
inhabitants,  and  having  become  weary  of  devouring  each  other,  settled  down  upon  their  conquests. 
Few,  indeed,  were  the  remaining  traces  of  Roman  polity,  jurisprudence,  art  and  literature,  to 
guide  the  new  communities.  It  seemed  as  if  every  trace  of  vital  Paganism  had  to  be  stamped 
out  of  the  world  before  society  could  frame  itself  anew,  or  Christianity  make  any  progress.  It 
is  probable  that  a  rude  warlike  people,  setthng  down  under  similar  circumstances  in  different 
parts  of  Europe,  would  adopt  a  similar  system  of  government,  based  on  a  military  polity.  On 
partitioning  out  the  conquered  territory,  every  freeman  or  soldier  ou  receiving  his  share  bound 
himself  to  appear  in  arms  against  the  enemy  of  the  community  when  summoned  by  his  chief. 
In  tliis  way  originated  the  feudal  system  which  prevailed  in  Europe  during  some  centuries. 
The  power  of  the  sovereign  was  very  limited,  and  the  Church  acquired  inrlaenre  very  gradually. 

During  several  centuries  ignorance  hung  like  a  thick  cloud  on  the  lainl.  Persons  in  the 
highest  rank  could  neither  read  nor  write,  and  they  despised  those  wh-.  could.  Documents 
were  made  I'jrM  ly  (b-  ^i-:;  ,,:'i].,:  ,  :,  -^,  :-,-  [.i-i.-t;,   ,|  I,\   i;>     :":t.r^,'     :,t  t!ic  present  day.   Many 

Oftheelr,  _;.■.:  ::        ,;.    ,i,:,      i  ;     ^  i,,  ,        ,    i   !    i ,    l  :  .,:.,.    .':^<1  SOme  o{  ihem   COUld 

scarcely  1..  ;  _     ,:,  li,^:,;.,         ...   :  .     ,  i  ibe  the  canOns  of  the 

councils  i:,  «i, Ml  n,.',  ,-.>;;,.!,:.  i,  J .;  .  ]\>,_  Ali.^l  .  .:.,].:.,::.. -i  inat  iioiu  the  Iluu.boi- to  the 
Thames  there   was   n.it   a   priest  who   un.lersto.jd   the  litur-y  in   liis   rwu.    .    i  ,    ^^l,o 

could  translate  the  easiest  piece  of  Latin  ;  that  from  the  Thames  to  the  ,;  ., 

were  still  more  ignorant.     Even  Alfred  himself,  though  reputed  the  best    .  ,,       ,  ...,•. 

found  it  difficult  to  translate  the  pastoral  instructions  of  St.  Gregory,  on  accuuni.  oi  lo  ,  .oapcncct 
acquaintance  with  Latin. 


a  costh     riit 

C01)^^ 

n)].- 

^^   u   can. lit 

tllL     Wlltlll 

up   b\ 

^     llOl 

the 

1     1      Luttl 

u.v 

..IS 

1       1  tlum  b 

lon-e 

d  to 

tliL  books,  Lid  tlui 

1  111 

Bihk   foi   that 

teim 

wa'. 

EFFECTS    OF   PRINTING.  xix 

One  ciubL  cf  tins  dtop  i^juoi ince  w a&  thit  Latin  \\a&  no  loUgCi  %  li\iu^  hii^ui^i.,  and 
tLeie  weie  no  book^  m  the  modern  toii-,ue  LUin  \M8  used  m  the  beniccs  ol  the  Chuitli  and 
was  the  diplomatic  language  ot  the  Coiiit  ot  Home  It  Nvas  alho  Ubed  in  ch  iiteis,  legal  iti&tiu- 
ments,  and  public  coUcMpondeiice  Thous<li  irappifocth  kno\\n,  n  en  did  not  seek  to  mipiovc 
their  liioN^hd-o  In  astuh  ot  the  be  t  Latin  wiiteib  In.bcd  itA;nnll  hno  Iron  diftir  ilt  to 
h  \      1  I  it  bcaic:t\  ot  Lvtinauthois    u  I      i  '  i         M      '        i  lit 

11  II  ]  1  b  that  did  exibt  weie  m  til  i    I\ 

1  1  (li     ck\enth  CLiituriL'.      Di  i 

e       ^  I   w       iin     II       I  1  lb  and  wuteis  ot  tutlin_,   1        i  1    n     i  '         ii     i   ii  ( 

and  tht  nixuuliutuie  lubt,  pipei  was  not  ^tt  nncntid    oi    U  k  i  t   nut   lutiuautcd  ,~     o  th  it 
paichment  wab  about  the  ouh  wiiting  matciiil   and  thib  w  ib  i 
tion  of  meat  was  not  hi,,      in  1  th      I  in     c  f  th       ]in,,lii  i 
taiinei       Hence,  wli  i    j  i  )  i        ii  i 

ollmanustnpt  an  1  i 
littL  demand  foi    \     i 

nukul  wab  It  torn     t  \  11  ,   j  j  t  i, 

dihcient  monabtie  libi  lUob  iht  lew  imiu^^cl  phcLb  th  il 
sepinte  poitioub,  not  ti  xnscubod  unitoimh  in  one  \olume  ab 
null,  ^^n  until  d  ut  th  tlnit  ntli  ,  utun  iKxiu  (  whi.l 
1  /  '  I'      /  .1  II        T 


Libk      rii\Lib  wcie   t\LU  pii  up  thittht   tiui,LiibLi   ul    I     in^k\olunit  ui  ^ht  bt    ibk  to 
Ljmplete  it  m  hib  liktnnc 

Bookb,  thus  slowh   pioductd,  wtic    cobth        iht    tixiibki    (t    i    1   i  1     li    in      n      p,  i     n    ti 
uiotht-i  was  eflected  with  ab  nian>  tomnhtieb  a',  the  bile  ut   a  pi  li  i        1  i      1 

a  k    k  okcn  lequucd  the  dep<  sit  ot   a  ,uiu  ol  nionu,  and  th"  ji  i  n 

(  t  inipoitince  loi  the  sak  ictum  <.  t  the  piccioUb  Loniinodit\        J  n     '  I   i 

a  buok  ot  homihes  J(H)  sh   r,     ml        niifi         ill     twlicit.iM       iml    I       _i        i         lit      ib 
]4j4    01    thue   -v    11      1       1      I  ]    imiLutb   un  punting    \t   sti  ibbtui^ 

Lec-itello  wiotc  to    Villi   1         i     i  i      him  tu  puichxbe  a  Livy  then  on  sik 

aiiddeuil    b  th        \    ,    1  I  11  \         I  11.      uid  the  pnte  ot  carh  buok  12U  eio\\ns 

I      lUhu  kit  It  to  till   ituki  b  imagination  to  u  ilibu  the  efltdb  ul 
1  1  r  the  c  inditiuu  ot    ucietv  m  the  absence  ol  punted  boukb      It  would 

I  I      1,,  u       111      I     ihi.  btcpb  U  whith  men  giidudh  cmei^ed  out  of  i^noiancc  into 

II  tJli,Lii  L       Ihuc  w   1     tht  Crubades,  \Mth   then   loiij,  ti  iin  ol   conbequcnces ,  the  giowth  of 
tuNMib  and  the  junik^  -,  tiay  giaduallj  acquued  and  SLCuied   bj  chaitUb     theoio\\thof  the 


I    I       •       1  1  W.    llu«   thu   ^     I      ll     n  n    tNj 

I    I      biiideib,  iiid  puUibhus    but   v^e   du   ii.  t  know    then    publibhnio   puce,  it 

1         ioi  It  lb  liiicl\  each  c  ip\  ot  a  book  w  is  b  iig  lined  foi  as  a  lioi&e  oi  cow 

I  1     tekmg  to  laise,  the  bu-\ei  to  lowei    the  puce      Theie  is    i  statement  that 

1 1\  one  fifth  the  cost  ot  the  manusciiptb  piepaicd  just  befoic  the  in\ention 

I  1     decline  m  puce  must  hive   been  i  xpid   as  puntin^   piesses  became  multi- 

Caf/whcon  ot   14b<>,  which  was  sold  m  lihj  loi  il  geld  pieces   pioduced 

lu  hibtuuc  d  detail  ,  and  a  simihi  moi  d  might  be  connected  with  uthei  gicxt  imentioiis 
tieated  m  this  w  n,  might  atioid  matter  ioi  new  and  inteicbtin,  spccuhtioU'-  At  any 
e  hints  thus  thiown  out  will  not  it  ib  hoped,  be  consideied  an  iniiipiopiiatc  iiitn  luction 
ik  that  deals  so  higcU  with  nuuitiou 
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CYCLOPiEDIA    or    USEl^^UL    ART8, 
l^kcliiininil  anii  (tlitniital, 

MANUFACTURES,  MINING,  AND  ENGINEERING. 


ABATTOIR  (from  the  French  verb  abaitrc,  to  feU 
or  knock  down),  a  term  applied  to  an  establishment 
situated  on  the  outskirts  of  a  large  to\Tn,  -where 
animals  are  slaughtered  for  supplying  the  inhabitants 
witli  meat.  In  ancient  Rome,  a  corporation  of  butchers 
had  the  privilege  of  supplying  the  city  with  meat. 
They  had  been  for  a  long  period  scattered  over  dif- 
ferent parts  of  the  city,  but  were  at  length  collected 
into  a  single  quarter.  In  the  reign  of  Nero,  the 
grand  market,  with  its  slaughter-houses,  formed  a 
niagnifleent  establishment.  In  Paris,  from  time  mi- 
mcmorial,  a  corporation  of  butchers  had  the  privilege 
of  purchasing  cattle  and  supplying  the  city  with  meat ; 


but  here  the  policy  of  the  Romans  ceased  to  be  imi- 
tated, for  the  cattle,  purchased  at  the  markets  of 
Sceaux  or  Poissy,  were  di-iven  through  the  public 
streets  to  the  butchers'  shops,  before  which  they 
were  slaughtered  aud  prepared  for  sale,  the  refuse 
animal  matters  being  stored  in  large  tubs ;  the  whole 
an-angement  being  as  dangerous  to  the  persons  and 
health  of  the  inhabitants  as  it  was  offensive  to  the  sight. 
A  remedy  for  these  evils  had  long  engaged  the 
attention  of  the  government.  The  butchers  themselves 
were  most  energetic  in  opposing  a  change ;  but  at 
length  the  strong  hand  of  the  Emperor  Napoleon 
put   down   aU   opposition,   aud,   by   a  decree   dated 


9th  Fcbi-uary,  ISIO,  it  was  ordered  that  five  abattoirs 
should  be  erected  in  the  neighbourhood  of  Paris  at 
the  expense  of  the  city,  under  the  direction  of  a  Com- 
mittee of  Architects  and  Engineers  appointed  for  the 
purpose.  Plans  were  accordingly  prepared,  vrith  the 
assistance  and  advice  of  a  retired  master  butcher. 
Eight  years  were  occupied  in  carrying  them  into 
execution,  and  they  were  opened  for  public  use  in 
1818.  Their  value  was  at  once  appreciated— they 
freed  the  city  from  a  disgusting  and  dangerous  occu- 
pation, and  afforded  additional  facilities  for  iuspection. 
As  all  the  cattle  slaughtered  for  the  supply  of  Paris 
must  be  driven  into  the  abattoirs,  the  inspectors  can 


easily  ascertain  whether  the  animals  are  healthy,  and 
in  a  fit  state  to  furnish  food  to  human  bemgs.  Besides 
this,  all  the  offal  and  refuse  animal  matters  can  be 
easily  collected  together,  for  supplying  various  trades 
which  are  dependent  on  the  slaughter-houses,  such  as 
the  manufactures  of  glue,  of  gelatine,  of  Prussian 
bhie,  of  hoof-oil,  of  blood-manure,  &c.,  whose  works 
are  collected  near  the  abattoirs,  and  thus  relieve  the 
city  of  trades  which  are  as  offensive,  or  even  more  so 
than  the  occupation  of  the  slaughterer. 

In  the  abattou:  of  Roule,  the  original  site  was  on 
sloping  ground,  and  the  earth  excavated  dm-ing  the 
process  of  levelling  was   formed  into  an 


before  the  entrance,  and  planted  with  trees.  At  the 
upper  part  of  the  slope  the  earth  is  supported  by 
wches,  the  vaults  of  which  serve  as  coach-houses  and 
stables,  and  above  is  a  spaeioiis  terrace  also  planted 
with  trens.  Fig.  1  is  a  ground-plan  of  this  abattoir, 
which  may  be  taken  as  the  type  of  all  the  rest.  At 
the  entrance  are  two  small  buildings  a  a,  the  resi- 
dences of  the  inspectors,  superintendents,  porters,  &c. 
When  the  animals  first  arrive  at  the  abattoir,  they  are 
driven  into  the  open  spaces  B  B,  where  they  remain 
until  the  butchers  arrive  and  take  them  to  the  lay- 
stalls c  c.  These  edifices  have  about  thirty  feet  of 
internal  width.  On  one  side  the  oxen  are  arranged, 
and  on  the  other  side  the  sheep  and  calves.  There 
are  racks  and  bins  for  fodder,  and  a  large  water- 
trough.  The  upper  stories  of  these  buildings  are 
divided  into  small  rooms,  which  are  used  as  granaries, 
one  of  which  is  appropriated  to  each  butcher,  d  d 
are  ranges  of  slaughter-houses,  separated  from  each 
other  by  a  court-yard.  Each  slaughter-house  is  about 
Ui  feet  wide  by  32}  feet  long,  and  is  furnished  with 
two  entrances,  one  by  wliich  the  animals  are  iutro- 
dueed,  and  the  other,  on  the  external  front,  for 
removing  the  carcasses.  There  is  also  a  cock  for 
supplying  the  water  required  in  washing,  a  channel 
sunk  below  the  paved  floor,  a  windlass  and  a  puUey 
for  drawing  up  the  carcass  to  be  flayed,  and  a  couple 
of  poles  fixed  into  the  wall  at  one  end,  seven  feet  from 
the  ground,  and  supported  at  the  other  end  by  a 
stirrup  iron,  for  hanging  up  the  carcasses  of  the  oxen 
until  they  arc  ready  to  be  removed.  Pecjs  and  hooks 
lire  fixed  {••  ilu;   ny>f   liiul   ^v:,ll.   Tt  lun.:,:!;  up  tl:r 


calves,  sheep,  and  lambs  (see  Fig.  i).  The  floors 
are  paved  with  stone,  and  the  joints  well  cemented. 
Small  openings  in  the  lower  part  of  the  door  admit 
the  air,  and  n  ln-v  -]':ifr  i<  al-n  left  npen  below  the 
voof,  so  tliM   i!.-  :::!■  '••  ;.  '■':  -ilit''  iVrcly.     Tlic  roof 


projects  .ibout  10  feet  beyond  the  cxteuiid  walls, 
(see  Fig  3j  ioi  the  puipose  of  sheltering  the  m- 
leiior  from  the  sun,  and  also  to  afford  a  cover  foi  the 


carts  wliich  are  sent  to  convey  away  the  meat.  Ttiis 
arrangement  of  the  roof  and  door  keeps  the  interior 
of  each  slaughter-house  some  degrees  cooler  than  the 
external  an:,  which  is  found  to  be  far  more  effectual  ui 
preserving  the  meat  from  blow-flies  in  summer  than 
by  eneloshig  it  in  canvass,  perforated  zinc,  or  other 
similar  contrivances. 

An  abundant  supply  of  water  is  required  for  every 
part  of  the  abattoir.  This  is  furnished  by  a  well,  and 
is  pumped  up  by  a  steam-engine  p,  into  reservons  g  g. 
Fig.  1. 

The  superfluous  fat  and  fatty  parts  of  the  animals 
which  caimot  be  used  as  food,  are  melted  down  for 
the  purposes  of  the  tallow-chandler,  soap-maker,  &c. 
This  is  done  in  the  melting-houses  h,  wliich  contain 
coppers  of  the  capacity  of  from  ten  cwt.  to  forty  cwt. 
of  tallow.  Under  the  same  roof  are  places  where  , 
tripe  is  prepared  for  sale.  The  offal  and  refuse  animal 
matters  are  collected  from  the  various  lay-stalls, 
slaughter-houses,  &c.,  every  day  into  the  yard  or  shed 
I  (Fig.  1),  which  is  paved,  and  the  joints  between  the 
stones  made  tight  with  cement.  This  court  is  cleared 
out  and  well  washed  if  possible  every  day,  to  prevent 
any  ill  odour.  The  other  letters  of  reference  in  Fig.  1 
are  k  warehouses,  l  lieux  d'aisance,  m  vaults  under 
the  terrace,  n  coach-houses  and  stables. 

In  addition  to  these  arrangements,  each  abattoir  is 
fm-nishcd  with  a  capacious  sewer  for  receiving  the 
various  liquid  animal  matters  from  the  lay-stalls, 
slaughter-houses,  &c.  The  drains  which  lead  into  it 
are  furuishcd  at  their  upper  part  with  a  gratmg,  sunk 
:i  Vit],.  irli'v  t!:i-  pavi;iirnt,  fitting  into  a  short.,  wide 
I  '  ,.i  >■.';,,;,  •' -  1  ^,  ;■  I  xtremity  dips  into  a  basin, 
and  thus  acts  as  a  valve 
or  stink-trap,  Fig.  4,  and 
prevents  gas  from  the 
^^!  sewer    from    rising    up, 

y  f,-^  ^       wlule  the  liquid  matters 

■  "  which  pass  tlirough  the 

grating  fall  into  the  basin,  and  then  overflow  into  the 
drain. 

The  revenue?  of  the  abattoirs  are  considerable. 
The  butchers  ai-e  charged  six  francs  per  head  for  all 
the  oxen  slaughtered ;  which,  on  75,000  or  80,000, 
oxen,  produces  an  annual  revenue  of  nearly  500,000 
francs.  After  paying  all  expenses,  a  considerable 
revenue  goes  to  the  municipal  piu'se.  The  new  system 
IS  also  fai  nioie  economical  to  the  butchers  themselves 
than  the  old  method  It  has  been  found  also  that  by 
withdiawmg  the  slaughterers  from  the  public  gaze, 
and  msisting  upon  habits  of  neatness  and  order,  the 
manners  of  this  class  of  men  have  been  greatly  im- 
proved. 

Abittons  have  recently  been  erected  in  London,  ui 
connection  with  the  new  Metropolitan  Cattle  Market 
at  Holloway  Theie  me  two,  at  the  west  end  of  the 
bidlock  lans,  used  for  slaughtermg  bullocks.  The 
slaughter-house  is  38  feet  square,  with  four  pairs  of 
balks  iiuming  parallel  with  the  front,  where  travellers 
are  attached  foi  holding  the  cai-casses ;  they  run  on 
iron  plates  screwed  to  the  top  of  the  balks ;  two  other 
beams  aie  fixed  tiansveisely  over  these,  about  sk 


\^7" 


ABATTOIR— ACETIC  ACID. 


inches  apart,  upon  ■nhich  the  runniDg  tackle  bclougiug 
to  two  wuidlasscs  for  hoistmg  the  carcasses  traverse. 
These  are  fixed  about  12  feet  from  the  end  wall,  to 
give  space  for  one  slaughterman  to  di-css  a  bullock 
while  his  fellow- workman  may  be  engaged  in  killing 
another. 

In  kiUmg  a  bullock,  a  rope  is  put  round  the 
animal's  neck,  and  is  passed  through  one  of  four 
rings  placed  in  the  wall,  two  feet  from  the  ground, 
and  secured  to  an  iron  clcet.  One  hundred  bullocks 
can  be  hung  in  each  slaughter-house.  lu  the  centre 
of  the  roof  is  a  louvre  for  the  escape  of  steam  and 


heated  air ;  in  the  front  and  back  walls  arc  louvres  to 
assist  the  ventilation.  By  these  means  the  carcass 
cools  more  quickly  in  summer,  and  the  meat  can  be 
kept  about  twenty-four  hours  longer  than  when  killed 
in  the  ordinary  slaughter-houses.  The  light  is  ad- 
mitted by  a  skylight  facing  the  north,  and  for  economy 
of  space  the  doors  are  made  to  sKde.  The  blood-tank 
is  placed  in  the  washing-plaee  a  (Fig.  5),  to  which  it 
is  conveyed  by  wide  glazed  earthenware  pipes. 

The  washing-place  a  is  fitted  up  with  coppers  for 
boiling  water,  enamelled  slate  divisions  for  the  hides, 
tabic  and  sink,  and  hooks  for  hangmg  paunches,  &c. 
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The  walls  of  tliis  place,  as  well  as  the  slaughter- 
house, are  faced  with  glazed  Stom-bridge  bricks  to  the 
height  of  four  feet,  to  allow  the  blood  to  be  washed 
off.  Water  is  laid  on  where  required ;  a  stand-pipe, 
with  a  flexible  hose,  is  placed  in  one  corner  of  the 
slaughter-house.  Behind  the  washing-place  is  the 
kilLlng-pouud  b,  where  the  bullocks  are  kept  previous 
to  being  killed :  the  size  of  this  pound  has  been  cii'- 
euraseribed  in  consequence  of  the  proximity  of  the 


bullock  lairs  (in  which  space  is  provided  for  the  lanago 
of  about  3000  buUocks),  and  which  the  slaughtermen 
have  the  advantage  of  usmg  by  the  payment  per  head 
of  a  small  toU,  and  thus  only  paying  for  the  poundage 
of  liis  beasts  according  to  the  requnements  of  hi? 
business,  when  liis  own  pound  may  happen  to  be  fuU. 
The  dung-pit  is  away  from  the  building.  Bye-laws  of 
the  Corporation  require  that  the  blood,  offal,  &c.,  shall 
be  cleared  away  several  times  in  each  week. 


A  meat  market  has  also 'been  erected  in  connection 
with,  and  in  immediate  proximity  to,  the  slaughter- 
liouse. 

The  private  slaughter-houses  are  differently  ar- 
ranged. The  blood  is  received  from  the  pipes  in 
tubs,  iron  rails  and  hooks  are  fixed  for  hangmg  sheep, 
for  which  purpose  a  larger  proportionate  width  is 
given  m  the  slaughter-house,  and  an  additional  killing 
pound  for  sheep  is  provided. 

ABUTMENT— See  Bkidge. 

ACETIC  ACID  (from  the  Latin  acetum,  vinegar)  is 
important  in  a  manufacturing  point  of  view  from  its 


being  the  sour  principle  of  vinegar.  This  acid  occurs 
ready  formed  in  some  plants,  and  is  produced  during 
the  spontaneous  fermentation  of  many  vegetable  and 
animal  juices.  All  liquids  containing  alcohol  are 
capable  of  passmg  into  the  state  of  vinegar;  and 
hence  the  manufacturer  finds  it  convenient  to  employ 
those  liquors  in  which  the  vinous  fermentation  is 
complete, — such  as  wine,  beer,  &c.  When  these 
liquids  are  exposed,  to  the  atmosphere,  at  a  certain  tem- 
perature, a  new  chemical  change  is  induced,  whereby 
oxygen  IS  absorbed,  and  the  alcohol  gradually  passes 
into  acetic  acid.     This  acid,  as  it  exists  in  combma- 


ACETIC  ACID. 


tioa  with  certain  bases,  is  composed  of  -i  atoms  of 
carbon,  3  atoms  of  liydrogeu,  and  3  of  oxygen ;  bnt 
m  this  state,  which  is  called  imhi/drous,  or  without 
water,  it  has  never  been  obtained  separately.  In 
combination  with  one  atom  of  water,  it  forms  what  is 
called  glacial  acetic  acid,  from  the  cii-cumstance  of 
its  freezing  at  a  temperatiu-e  of  about  45°.  This  acid 
may  be  represented  by  the  fonnula,  Ci  H3  O3  +  HO ; 
that  is,  4  atoms  of  carbon,  3  atoms  of  hydrogen, 
3  atoms  of  oxygen,  plus  1  atom  of  water.  Now,  as 
alcohol  is  composed  of  C,  He  Oo,  its  conversion  into 
anhydrous  acetic  acid  will  be  seen  to  consist  in  the 
abstraction  of  two  atoms  of  hydi'ogen,  and  the  ad- 
dition of  two  atoms  of  oxygen.  Or,  if  we  talce  100 
parts  of  alcohol,  and  100  parts  of  hydi-ated  acetic 
acid,  wc  get — 

52. G  carbon.  40. C  carbou. 

12.9  hydrogen.  G.6  hydrogen. 


100.0  parts  of  alcohol. 


100  0  iP'''^'*^  °'' li,y'lratcd 


Hence  it  will  be  seen,  that  acetic  acid  contains  the 
same  elements  as  alcohol,  but  in  different  proportions ; 
there  teing  less  carbon  and  hydrogen,  but  more 
oxygen.  It  was  formerly  supposed  that  this  change 
was  brought  about  by  the  alcohol  being  deprived  of 
a  portion  of  its  carbon  and  hydrogen,  while  the 
oxygen  remained  the  same.  More  recent  inquuics 
have  proved  that  no  carbonic  acid  is  formed  dui-ing 
the  process ;  but  that  a  portion  of  the  oxygen  of  the 
atmosphere  combines  with  a  portion  of  the  hydrogen 
of  the  alcohol  to  form  water.  The  alcohol,  thus  par- 
tially deprived  of  its  hydrogen,  forms  a  new  compound, 
named  aldehyde,  which  contains  the  same  proportions 
of  carbon  and  hydrogen  as  acetic  acid,  but  less 
oxygen ;  the  deficient  quantity  of  oxygen  being  after- 
wards suppKcd  by  the  atmosphere. 

The  conversion  of  alcohol  into  acetic  acid  may  be 
shown  by  a  beautiful  experiment, — the  basis  of  a 
manufactm-ing  process  adopted  in  Germany.  When 
vapour  of  alcohol  is  brought  into  contact  with  a  black 
powder  obtained  by  mixing  muriate  of  platinum, 
potash,  and  alcohol,  vinegar  is  rapidly  formed ;  the 
powder  absorbmg  and  condensing  the  oxygen  of  the 
atmosphere,  so  as  to  enable  the  alcoholic  vapour  to 
combine  with  it.  The  arrangement  is  as  follows  :— 
Under  a  large  glass  case  a  number  of  earthen  dishes, 
containing  dilute  alcohol,  are  arranged  on  shelves, 
one  above  another,  and  over  each  dish  is  suspended  a 
portion  of  the  moist  platinum  powder.  A  temperature 
of  from  68°  to  86°  Fahr.  is  maintained,  atd  the  eva- 
poration of  the  fluid  is  promoted  by  hanging  several 
strips  of  porous  paper  in  the  case  with  their  lower 
edges  dipping  into  the  dishes,  whereby  a  greatly  in- 
creased amomit  of  evaporating  surface  is  obtained. 
In  a  few  minutes  the  mutual  action  of  the  platinum 
powder  and  the  alcohol  wiU  cause  an  increase  of  tem- 
perature, accompanied  by  the  formation  of  acid 
vapours,  which  condense  on  the  sides  of  the  case,  and 
trickle  down  to  the  bottom.  This  action  continues 
until  all  the  oxygen  in  the  air  of  the  case  is  consumed ; 


but  the  action  is  renewed  by  a  Iresii  supply  of  air. 
If  the  case  contain  1,000  cubic  inches  of  air,  this  will 
suffice  to  oxidize  110  grains  of  absolute  alcohol,  and 
wiU  produce  122  grains  of  anhydrous  acetic  acid,  and 
64J  grains  of  water.  The  platinum  powder  does  not 
waste,  and  may,  therefore,  be  used  over  and  over 

Li  the  general  process  of  vinegar-making,  some 
cheap  ferment  is  usually  made  to  take  the  place  of 
the  platinum  powder  in  the  above  experunent.  There 
are  many  substances  containing  nitrogen  which  answer 
this  piu-pose,  such  as  gluten,  mucus,  vinegar  itself,  or 
substances  containing  it,  such  as  yeast,  sour  dough, 
sour  beer,  but  especially  sour  bread  soaked  in  vinegar. 
These  substances,  being  in  a  state  of  inodorous  putre- 
faction, decay,  or  oxidation,  draw  the  alcohol  into  the 
circle  of  their  decomposition,  just  as  decaying  wood 
causes  fresh  wood  around  it  to  assume  the  same  con- 
dition. When  the  alcoholic  liquor,  mixed  with  the 
fei-ment,  is  exposed  at  a  proper  temperature  to  the 
atmosphere,  the  fennent  is  supposed  to  absorb  oxygen 
from  the  an-,  and  to  transfer  it  to  the  alcohol.  The 
liquor  soon  becomes  turbid ;  slimy  particles  form  in  it, 
and  collect  as  a  scum  on  the  surface ;  tliis  scum 
thickens,  and,  after  a  time,  falls  to  the  bottom.  The 
Germans  call  it  the  vinegar  mother,  and  use  it  for  the 
pxirpose  of  exciting  acetification  in  fresh  liquor.  The 
temperatm-e  of  the  mass  rises,  and  diffuses  a  peculiar 
aroma  over  the  place.  Wben  all  the  alcohol  has  been 
converted  into  acetic  acid,  the  action  ceases,  the 
temperature  declines  to  that  of  the  surrounding  air, 
the  liquor  becomes  bright,  and  may  be  drawn  off  as 
vinegar  fit  for  the  market. 

All  substances,  then,  that  can  be  made  to  undergo 
acetous  fermentation,  either  because  they  contain 
sugar,  or  that  sugar  is  formed  in  them  from  starch, 
can  be  employed  in  the  manufacture  of  vinegar ; — as, 
for  example,  in  malt,  the  starch  is  converted  into 
sugar  by  the  process  of  mashing,  and  the  sugar  is 
converted  into  alcohol  by  vinous  fermentation. — [Sec 
Feementaiion.] 

According  to  the  substance  employed,  the  variety  cf 


vmegar  rf 


..  Wine 


vinegar,  which  is  prepared  from  wine,  and  contauis 
acetic  acid,  tartaric  acid,  and  a  minute  portion  of  acetic 
ether,  to  which  the  pleasant  aroma  of  this  khid  of 
vinegar  is  due.  2.  Artificial  Wine  vinegar,  or  Alcohol 
vinegar.  This  is  prepared  from  spirits,  and  consists 
almost  entirely  of  acetic  acid,  water  and  a  small 
portion  of  acetic  ether.  3.  Fruit  vinegar,  or  Cider 
vinegar,  from  the  fermented  juice  of  apples;  this 
vinegar  contains,  besides  acetic  acid,  malic  acid,  which 
is  a  source  of  acidity  in  apples  and  many  other  fruits. 
4.  Beer,  Mult  or  Corn  vinegar,  formed  from  the  extract 
of  malt,  and  contams,  in  addition  to  acetic  acid, 
nearly  all  the  constituents  of  beer,  such  as  the 
phosphates  of  lime  and  magnesia,  gum  and  an  ex- 
tractive substance  which  impai-ts  colour,  and  causes 
the  vinegar  to  froth  on  being  shaken.  There  is  a 
fifth  variety  of  vinegar  produced  by  j^he  destructive 
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distil]  ition  o''  wood  but  is  the  loim  tion  of  lliis  acid 
dillt  b  from  that  ot  acetic  no  iiiust  refer  to  Ptro 
LirNEOus  Acid  m  the  AprEivDii  -rnd  to  Wood  Cyc 

Vmeo-ar  is  minufactmed  bv  one  of  two  distinct 
methods  called  the  sloio  and  the  quKk  iietlwd,  the 
one  requiimg  months  and  the  othei  days  for  the 
CO  iipletion  of  the  piocess  We  will  first  dtscube 
the  manul  ictuie  by  the  slow  method 

In  countries  wheie  much  wme  is  giown,  \megar  is 
mmufactmed  chiefly  oi   entirely  fiora  the  infeiioi 
"oits     and    fiom    the    icfuse  of   the  wme  growe 
Orleans  m  Fiance  is   celebiated   for   its   vmegars. 
The  acetous  feimeutation  is  earned  on  in  casks  call    1 
mothei  s    of  about  the   capacity  of  an     111 
hogshead,  laid  hoiizoutolly  on  tressels,  ii 
togethei      Eich  cisk  h  is  two  holes  at  tl 
ot   the  fi  it  c    I        L  f    0       1  1 


funnel  Mh  11  il 

pies  abo  it  t\iuthudb  ot  the  oibl  ihi.  \  mc  ib 
claiified  bcfoie  bemg  pomed  mto  the  casks  by  bem^ 
st  med  thiough  a  tun  fillc  1  with  ch  j  s  of  1  ccchwood 
wellpiesseddo-nni    ^1  I  1     I  11 

clear    it  is  filteied 
mentmg  room  is  kei  t    I 
by  1  leans  of  b  ick  il  I  | 

along  the  sides  of  the  11  oi  fl  1  i  i  c  Ui  c  i  tl  c 
outside  to  preveii  any  contamination  of  the  vinegai 
fiom  smoke  or  dust  The  air  of  the  feimenting  room 
IS  renew  e  1  by  m  lei  ite  ventilation  but  the  au  holes 
Are  shut  in  wmdy  weather  oi  when  the  temperatnie 
13  too  low  To  see  whether  the  ieimentatiou  is 
c  implete  a  white  stick,  bent  at  one  end  is  \  Im  "t  1 
into  tl  e  1  q  101      If  on  diawu  g  it  out  it  1  1 

with  awhte  tl  ck  really  fioth    the  ac  f 
coubideitd  com]  kte     if  the  fioth  be  if  1 
comilete   m  wluch  case  fiesh  wme  is  all    I 
tempciature  is  raised     Tlus  method  occu]  c     c  t    ! 

In  the  Umted  L.mgdom  \-inej,ar  is  ahnost  e\ 
elusiveiy  n  uiufactuied  fiom  malt  A  sweet  woit  is 
obtimed  by  mashing  the  molt  as  m  biewmg  [See 
BnEWI^G  ]  a  fei  mentis  added  "xQAiVt  wash  q>\  g  i  e  as 
i(  is  then  called  is  acetif  rd  c  tl  n  bv  '/o  j  arjicld  ii; 
Bvthe  fu  t  netlul  tl     wash  are 


doois     Befoie  the  vh  e^ai  is  I't  f  i  the  miiket,  it  is 
I  claiilied  by  bemg  passed  slow  ly  and  reneatecllT  throupL 


St  1  V  tl  c  s 

then  idcs  in  tl  c  | 
an  1  arranged  m  Ion 
with  narrow  walks  1 
fiell      These  caskb  ai 


lipes   01 

1      c  oh  con 

\  laced  on 

caUc 1  a 
1  a  lle\iblc 
«  thth  ^  t  htuimthe 
brew  house  The  wash  usually  le  puies  seveial  months 
for  its  complete  aeetification  duimg  which  tmie  the 
bung  holes  aie  left  open  m  fine  weatlier  bin,  coveied 
with  a  tile  during  ramy  weathci  "When  the  af-etiii 
cation  IS  complete  the  vuiegai  is  removed  fiom  the 
casks  by  means  of  a  syphon  mto  a  shoot  on  the 
giouni   whence  it  ib  pumped  into  a  stoic  \at  withm 


laii^c^ats   called  )(ir/;c*  wh    1  I         | 

ot  the  stalks  and  skms  ot  I 

lefuse  of  the  Butish  wme  i  I         I     to 

obtam  a  constant  s  ]  ]  1       i  I  It 

vmegar  makmg  is  1  II 

Biitibhwmes  call    I 

In  some  plac  ib   i  el   1 1 

vmegar  makmg  n  bl     1    1  1  1  i  alt     One 

recipe  directs  1  pait  ol  su^  ii  to  It,  dissohed  m  G 

paits  of  water   to  whicii  1  \  iit  of  biandy  oi  other 

sti  on"-  spmt  IS  to  be  added  together  with  a  little  yeast 

Tl  tiie  IS  pouicd  into  a  large  cask  with  the 

I    lelt  open    and  kept  at  a  temperatuie   of 

to  S0°      Tl  e  acetiQcdtion  wdl  be  comj  Icte 

th  01  SL\  wecl  s  when  the  clear  vinegar  n  ay 

I      1    wTi  oiT     Licbig  iccommends  a  imxtuie  of  100 

jaits  watei   13  biandy  4  hrncv  and  1  of  taitar     or 

120  watei    12  brandy   3  biowu  si  gar   1  taitar  and 

half  a  I  ait  of  soui  dough    to  be  left  frr  some  weeks 

ma  waimilace 

It  IS  not  nectssary  to  give  any  fiuther  details  le 
spectmg  the  slow  method  which  is  very  mfeuoi  to 
the  quick  method  now  to  be  descubed  Tbs  Ins 
been  eairied  to  such  a  pomt  of  peifcction  that  it  \' 
scaicely  possible  to  unagme  any  further  impio\  emei  t 
foithehi  hestamiof  thsmanufactuier  the  convcision 
of  the  alcohol  mto  acetic  acid  without  loss  and  m  the 
shoitest  prs  iblc  time  seems  to  have  been  completely 
acccmphbled  This  method  ougmated  with  Boer 
haave  long  befoie  the  tiaie  chemical  theoi-y  of  tie 
forintion  of  vmegar  had  been  obtamed  He  en 
ployed  lu  the  manufacture  two  laige  casks  of  tl  e 
same  size  each  open  at  the  top  and  placed  upii  ht 
on  the  flame  of  the  vmegai  room  These  vessels 
fdlcd  with  the  stalks  and  husks  of  ^i  apes  and 
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oue  was  then  eutirely  filled  with  the  alcoholic  liquor 
combined  witli  the  acid  ferment,  and  called  the 
vinegar  mixture,  and  the  other  cask  was  only  half 
filled.  After  12  hours,  half  the  liquor  was  drawn  out 
from  the  full  cask,  and  poured  into  the  other,  and 
this  process  was  repeated  every  12  hours.  The 
acetification  proceeded  with  great  rapidity  in  the 
vessel  that  was  only  half  full,  as  was  evident  from 
the  escape  of  suffocating  fumes  of  vinegar ;  the  teni- 
peratui-e  witlim  it  far  exceeded  that  of  the  vinegar 
room,  while  in  the  full  cask  it  was  scarcely  if  at  all 
higher.  An  improvement  on  this  method  consisted  in 
changing  the  liquors  in  the  two  casks  every  3  or  4 
hours  instead  of  12,  and  it  was  found  that  in  the 
course  of  14  days,  such  a  vinegar  was  obtained 
as  woidd  have  required  some  months  by  the  slow 
method.  The  effect  of  tliis  contrivance  will  be 
evident,  wnen  it  is  considered  that  every  pai-ticle  of 
the  alcohol  in  the  mistme  must  be  brought  into 
contact  with  the  oxygen  of  the  air,  in  order  to  be 
converted  into  vinegar,  and  that  the  porous  mass 
formed  by  the  grape  husks  presented  an  enormous 
sui-face  to  the  ak  in  the  half  filled  cask,  so  that  in 
slowly  filtering  through  it,  the  mktui-e  was  broken 
up  and  divided,  and  the  points  of  contact  with  the 
air  multiplied  to  an  indefinite  extent.  In  the  fuU 
cask,  on  the  contrary,  the  air  was  in  contact  with  the 
liquid  oidy  at  the  top  of  the  cask ;  hence  it  will  be 
understood  why  the  acetification  proceeded  much 
more  slowly  in  the  full  cask  than  in  the  one  only 
half  filled,  for  in  the  latter  case  the  surface  of  the 
liquid  was  covered  by  a  wet  acid  spongy  mass  full  of 
air,  and  ui  filling  it  up,  this  mass  was  wcU  washed  of 
its  acid  particles,  and  the  air  renewed.  The  heat, 
also,  which  by  the  old  method  was  maintained  at 
gi-eat  expense  of  fuel,  was  by  the  new  method  gene- 
rated dming  the  rapid  acetification  of  the  mixture, 
the  heat  thus  liberated  being  usefully  employed  to 
maintain  the  temperafm-e  of  the  mixture.  Tor  ex- 
ample, in  converthig  10  lbs.  of  alcohol  into  vmegar, 
the  same  amount  of  heat  is  liberated,  whether  the 
change  be  slow  or  rapid ;  but  in  the  one  case  it  is 
distributed  over  a  Larger  portion  of  time — say  fifty 
days,  and  that  500°  of  the  heat  of  temperature  is  set 
free.  In  such  case  there  would  be  an  accession  of 
heat  to  the  mixture,  amounting  to  only  10°  per  day,  and 
this  -would  probably  be  carried  off  by  the  suiToundiug 
ahr.  But  if  the  fifty  days  were  by  the  quick  method 
reduced  to  ten,  the  mixtui-o  would  have  the  heatiu; 
effect  of  50°  per  day;  and  if  this  10  days  wen 
reduced  to  1  day  of  12  hoiu-s,  it  woiJd  have  the 
whole  500°  ia  that  time,  which  would  be  at  the  rate 
of  41|-°  per  hour-,  which  could  not  all  be  dissipated 
into  the  surrounding  air,  so  that  the  mixture  could  be 
maintained  at  a  tolerably  high  temperature  without 
any  or  much  assistance  from  artificial  heat. 

Eoerhaave's  plan  has  been  oanied  to  its  greatest 
point  of  perfection  by  a  new  meihod  of  constructing 
the  casks.  They  are  now  made  of  oak,  and  are  from  5 
to  7  feet  high,  and  from  2^  to  3  feet  in  diameter,  but 
somewhat  narrower  at  the  bottom  than  at  the  top. 
About  a  foot  from  the  bottom,  and  just  above  the 


syphon/ used  for  drawing  off  the  acid  liquor,  each  tub 
is  perforated  by  holes  a  about  an  iuch  wide,  and 
sloping  downwai-ds,  so  that  the  an:  may  enter  without 
allowing  the  liquor  to  escape.  Each  tub  is  closed  by 
a  cover,  with  a  hole  in  the  centre  2  or  3  iaches  square. 
Instead  of  the  grape  husks  and  stalks  before  noticed, 
each  cask  is  filled  with  cuiled  beech  shavings;  but 
before  they  or  the  casks  are  used,  they  are  repeatedly 
scalded  with  hot  water  to  get  out  all  soluble  matters, 
and  when  dried,  are  unbued  with  hot  vinegar.  The 
casks  ai-e  ranged  on  wooden  frames  or  brick  piers 
sufficiently  high  to  allow  the  liquor  to  be  conveniently 


According  to  another  ai-rangementthe  cask,  i  (Fig.  9), 
called  s.  graduation  leistl,  is  firmished  with  an  inner 
hoop  of  beech  wood  (c),  about  sis  mches  from  the 
mouth  («?),  supportmg  a  peifoiated  shelf.  Thi-ongh 
the  perforations,  which  aie  numeroxis,  cotton  wicks 
are  drawn  and  secured  by  a  knot  at  the  upper  extre- 
mities ;  they  are  just  thick  enough  to  allow  the  liquid 
poured  upon  the  shelf  to  pass  through  and  drop  from 
their  lower  ends.  The  edges  of  the  shelf  are  packed 
vrith  tow  to  prevent  the  escape  of  liquid  at  the  side. 
The  lower  compartment  is  filled  with  beech-wood 
shavings  nearly  up  to  the  ends  of  the  wicks.  By  tliis 
means  the  vinegar  mixture  is  divided  into  drops,  and 
thus  exposed  more  intimately  to  the  oxygen  of  the  air 
of  the  cask. 

The  vinegar  mixture  consists  of  20  quarts  alcohol, 
40  of  vinegar,  and  120  water ;  or  15|  quarts  alcohol, 
20  vinegar,  and  137  water.  The  water  is  fii-st  heated 
to  100°  or  104°,  and  then  the  viaegar  and  alcohol  are 
I  added,  so  that  the  temperature  of  the  mixture  may  bo 
about  86°  or  90°  before  it  is  poured  into  the  casks. 
Prom  2i  to  5  quarts  of  the  mixture,  according  to  the 
size  of  the  casks,  are  poured  upon  the  shavings  every 
half  hour.  Tlie  cover  is  then  put  on,  but  the  hole  in 
the  centre  is  left  open.  TVlien  all  the  mixture  has 
filtered  thi-ough,  the  liquor  is  drawn  off  into  the 
mixing  vessel,  and  a  few  quarts  of  alcohol  are  added ; 
it  is  passed  a  second  time  through  tne  shavings,  then 
drawn  off  and  a  smaller  quantity  of  alcohol  added ;  it 
is  then  sent  through  the  shavings  a  third  time.  Tlie 
liquor  after  the  tu-st  percolation  becomes  changed 
into  a  weak  vinegar ;  after  the  second  percolation  it 
becomes  greatlj  increased  in  strength ;  and  after  the 


ACETIC  ACID. 


fcjiinl,  it  is  perfectly  good  and  very  strong  vmegar. 
Tho  reason  why  the  alcohol  is  not  added  all  at  once, 
is,  that  even  under  favonrable  circumstances  a  portion 
of  tiie  alcohol  escapes  the  acetifying  action.  Indeed 
in  some  cases  the  manufacturer  fmds  that  all  liis  al- 
cohol has  disappeared,  and  that  no  vinegar  has  been 
produced.  This  may  occur  when  the  supply  of  air 
has  not  been  siifficicut  to  allow  the  alcohol  to  be  con- 
verted into  acetic  acid.  In  such  case  the  alcohol 
becomes  transformed  into  aldehyde,  which  being  ex- 
tremely volatile,  (its  boUing  point  being  72°,)  escapes, 
and  leaves  nothing  but  water  in  the  cask.  Hence 
the  supply  of  air  to  the  cask  should  be  abundant, 
and  this  is  the  object  of  perforating  the  cask  near 
the  bottom,  and  having  the  hole  in  the  cover  open. 
If  all  goes  on  favoiu'ably,  the  vinegar  is  rapidly 
formed,  and  the  temperature  rises.  With  a  vinegar 
room  at  77°,  and  the  niLxtui'e  at  82°,  the  interior  of 
the  casks  will  often  be  95°  or  100°.  The  internal 
temperature  of  the  casks  should  not  be  less  than  95°,  or 
the  vinegar  mixtm-e  will  not  breathe  enough  oxygen. 
The  escape  of  heat  from  the  casks  is  prevented  by 
covering  them  with  paper  or  linen  jackets ;  the  aii-- 
lioles  being  of  coui'se  left  open.  In  general  it  may 
be  remarked  that  the  higher  the  temperatiu'c,  and  the 
larger  the  quantity  of  air  conveyed  in  the  shortest 
time  to  the  mixture,  the  more  rapidly  is  the  hydrogen 
of  the  alcohol  oxidised  and  vinegar  formed.  The 
more  alcohol  there  is  in  the  mixtm-e,  the  stronger  will 
be  the  vinegai';  but  the  quantity  of  alcohol  in  the 
mixture  ought  not  to  exceed  10  per  cent.  The  tem- 
peratm-e  must  not  be  below  72°  nor  above  113°. 
Wlien  fniit  or  malt  vinegar  is  prepared  by  this 
process,  the  liquor  must  be  as  clear  as  possible,  or 
the  shavings  will  become  coated  with  a  slimy  sub- 
stance.' 

There  is  another  quick  process  of  making  vinegar 
which  has  been  partially  introduced  into  tliis  coimtry. 
This  plan,  which  was  patented  m  1824,  by  Mr.  Ham, 
of  Norwich,  differs  in  many  respects  from  the  pro- 
cess just  described.  The  apparatus  consists  of  a 
large  vat,  in  the  centre  of  which  is  a  revolving  pump, 
having  two  or  more  shoots  pierced  witli  holes  so 
as  to  cause  a  constant  shower  of  wash  to  descend 
from  the  top.  The  lower  part  of  the  vat  contains 
the  wash,  and  in  the  upper  part  are  birch  twigs  pro- 
perly prepared  and  arranged  so  as  not  to  interfere 
with  the  revolving  shoots.  Between  the  surface  of 
the  wash  and  the  joists  which  support  the  bii'cli,  is  a 
vacant  space  of  3  or  4  inches,  into  wliich  air  is  let 
or  forced  by  holes  made  in  the  vat.  By  means  of 
steam  pipes  the  wash  is  maintained  at  the  tempe- 
ratm-e  of  from  90°  to  100°,  and  being  kept  in  motion 
by  the  constant  action  of  the  pump,  it  is  so  fuUy 
exposed  to  the  oxygen  of  the  air  in  trickling  through 
the  twigs,  that  it  becomes  acetified  in  the  coni'se  of 
48  hours :  but  in  practice,  it  is  usual  to  occupy  from 
15  to  20  days,  according  to  the  season  and  the  state  of 
tlie  atmosphere,  in  obtaining  the  complete  acetifieation 
of  the  chaige. 


In  1841,  a  patent  was  taken  out  by  Mr.  Nealc,  and 
others,  for  the  manufacture  of  vinegar  from  beet  root. 
The  roots  ai'e  reduced  to  pulp,  and  the  sacchai'ine 
juice  exti-acted  by  pressure.  Water  is  added  to  the 
juice,  and  the  whole  is  boiled.  It  is  next  cooled  to 
G0°,  and  fermented  with  yeast.  The  fermented  wash 
is  pumped  into  an  acidulating  vessel,  which  is  a  strong 
vat  of  the  capacity  of  24,000  gallons,  in  the  centre  of 
wliich,  near  the  bottom,  is  a  small  inverted  dome, 
pierced  with  a  multitude  of  holes,  and  connected  with 
a  blowing  apparatus  outside.  The  temperatui-e  of 
the  wash  is  maintained  by  a  coil  of  steam  pipe  within 
the  vat,  and  the  iuterior  of  the  vat  is  divided  mto 
sevei'al  compartments  by  means  of  false  bottoms 
pierced  with  small  holes.  The  cover  is  furnished 
with  a  valve  opening  outwards,  which  yields  to  a 
slight  internal  prcssm-c  from  the  an-  witliin. 

The  total  numbn-.,!  win  .r  l  m  ;:•  n  I'r  riiilod 
Kingdom  was,  a  fr\\        i  ■■.'!'        ■  !i  llie 

5  principal  were  in  I,  i  :  '  ■  ii  .  !  i  '.  ii  in 
commerce  by  the  inin.'nr-  | -^  m^  '_<^  :  yA  ji,  uhich 
originally  represented  the  nmubcr  of  pence  per  g;dlon, 
at  which  it  was  sold;  but  these  numbers  now  re- 
present merely  a  certain  quahty  of  the  article. 
About  3,000,000  gallons  of  vinegar  are  annually 
manufactured  in  the  United  Kingdom,  chiefly  in 
London.  In  the  year  1844  the  duty  on  home-made 
vinegar  was  repealed,  but  Z:l.  per  gallon  was  charged 

sented  li\  ^\"  '  '  '  .  m..  '  ;  i  ■' !  j-  :■!  ■■  ■  tavily 
of  l-0(iS5,  c-ia.iiii,  :.  I'.  I-  n  III.  i,r  h;.!  ,,r  M  The 
strength  may  be  estimated  by  a  species  of  iivDun- 
METEK,  called  an  acetomeler,  but  as  the  spceiJic 
gi-avity  of  viucgar  depends  more  upon  foreign  matters 
than  upon  the  actual  quantity  of  acetic  acid  coutaiued 
in  it,  the  best  method  is  to  saturate  a  given  quantity  of 
the  vinegar  with  di-y  carbonate  of  soda ;  and  the  quan- 
tity of  that  salt  required  for  the  piu'pose  indicates  the 
proportion  of  real  acetic  acid  present,  54  parts  of 
dry. carbonate  of  soda  being  eqidvalent  to  51  of  tme, 
or  ardiydrous  acetic  acid.  Another  method  is  to 
saturate  the  vinegar  with  lime.  "  The  equivalent  of 
carbonate  of  lime,  which  is  50,  is  so  near  that  of 
acetic  acid,  as  to  furnish  a  ready  mode  of  ascertaining 
the  value  of  vinegar,  or  other  dilute  acetic  acid.  For 
this  purpose  a  piece  of  clean  wliite  marble  is  selected 
and  accurately  weighed ;  it  is  then  suspended  by  a 
thi-ead  in  a  proper  quantity  of  the  vinegar  to  be  ex- 
amined, which  is  occasionally  cautiously  stu-red,  so  as 
to  mix  its  parts  without  cliipping  the  marble ;  when 
it  is  no  longer  acted  on,  it  is  removed,  washed,  dried, 
and  weighed;  its  loss  is  equivalent  to  the  acetic 
acid.'"     [See  Appendix.] 

Vinegar  may  be  made  stronger  by  exposure  to  a 
low  temperature,  for  the  aqueous  portion  freezes  first, 
and  may  be  removed ;  and  the  part  which  remains 
imfrozcn  will  be  found  to  be  greatly  increased  in 
strength. 

The  quantity  of  real  acid  in  vinegar  is  difficult  to 
a,scertain,  from  its  bemg  often  adulterated  vath  sul- 


piim-ic,  nitric,  and  liydi-ocliloric  aciJs.  Indeed  the 
manufacturers  are  allowed  by  law  to  mix  one  thou- 
sandth of  sulpliuric  acid  \ritli  the  weight  of  tlie 
vinegar.  The  presence  of  snlplimic  acid  may  be 
detected  by  nitrate  of  baiyta,  whicli  occasions  a  white 
precipitate.  Nitric  acid  is  present,  if  a  bit  of  gold 
leaf,  wetted  with  hydi-ochlorio  acid,  be  dissolved  on 
gently  heating  a  portion  of  the  vinegar  in  a  watch 
glass.  Hydi'ochloric  acid  is  present,  if  a  white  pre- 
cipitate be  produced  on  adding  a  solution  of  nitrate 
of  silver  to  the  vinegar.  Pepper,  and  other  acrid 
substances  used  to  adulterate  vinegar  may  be  detected 
by  neutralising  the  vinegar  vrith  carbonate  of  soda, 
when  their  undisguised  pungency  wlU  detect  them. 
Vinegar  is  apt  to  be  infested  with  flies  (Musca 
ccUaris),  and  mth  animalcules  commonly  termed  eels 
(Vibrio  aceti) ;  these  may  be  destroyed  by  passing 
the  viiregar  thi-ough  a  spiral  tube  immersed  in  boiling 
water.  Vinegar  exposed  to  the  air  gradually  becomes 
tiu'bid  or  mothery ;  it  loses  its  acid,  and  deposits  a 
slippery  gelatinous  substance,  which  when  di-ied  re- 
sembles gum.  The  vinegar  becomes  weak  and  mouldy 
as  this  change  goes  on. 

The  use  of  vinegar-  as  a  condiment  may  be  \mder- 
stood  from  the  properties  of  acetic  acid.  In  its 
concentrated  state,  this  acid  acts  on  living  tissues  as 
a  caustic,  producing  heat,  redness,  and  rapid  inflam- 
mation of  the  skin.  It  dissolves  many  organic 
products,  such  as  camphor,  gluten,  gelatine,  gum 
resins,  resins,  fibrine  of  blood,  white  of  egg,  &c. 
■Wlien  properly  diluted,  as  in  vinegar,  and  used  in 
moderation,  it  promotes  digestion.  The  property  of 
the  acid  in  dissolving  gelatine  shows  the  use  of 
vinegar  as  a  condiment  with  veal,  young  meats,  and 
fish.  It  also  assists  the  digestion  of  crude  vege- 
tables, such  as  salads.  Its  powers  are  heightened  by 
having  aromatic  or  pungent  substances  dissolved  in 
it,  such  as  chilies  or  tarragon.  Persons  who  use 
much  vinegar  with  the  view  of  preventing  corpulency, 
may  do  themselves  much  injury,  and  even  engender 
cancer  in  the  stomach.  The  salts  of  vinegar  sold  at 
the  druggists'  shops  as  a  reviving  scent  in  sickness  and 
fainting,  consist  of  sulphate  of  potash  impregnated 
with  acetic  acid,  and  scented  with  oil  of  rosemary, 
or  lavender. 

A  pure  variety,  called  dlstllM  vinegar,  was  foi-merly 
produced  by  distilling  conmion  vinegar,  a  plan  now 
almost  entii'ely  superseded  by  mhdng  pirre  acetic  acid 
with  water.  Colour  can  be  impai-ted  to  it  by  means 
of  burnt  sugar. 

ACIDS  (Lat.  acidiis,  sour)  foi-m  a  very  numerous 
and  important  class  of  bodies  in  chemistry,  and  in 
many  of  those  arts  and  manufactm-es  in  wliich 
chemical  processes  are  concerned.  Perhaps  the  most 
important  acid  in  a  manufactming  point  of  view  is 
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other  acids,  are  also  important  objects  of 

The  common  idea  of  an  acid,  is  a  soluble  substance 
possessing  the  property  of  sourness.  The  chemist, 
however,  disregards  this  property,  and  considers  all 
those   substances   to  be   acids  which  impart  a  red 


colour  to  blue  litmus  paper,  and  form  slal)le,  neutral 
and  crjstallizable  compounds  with  bases,  such  as 
alkalies  and  earths,  or  metals  or  their  oxides.  Indeed, 
all  acids  are  remarkable  for  their  great  powers  of 
combination.  Many  acids  are  natural  or  organic 
products,  of  very  complex  structure :  these  cannot  be 
formed  synthetically,  that  is,  by  artificially  uniting 
their  elements ;  others  are  not  found  in  nature,  but 
result  entirely  from  chemical  processes.  Acids  occur 
in  all  three  kingdoms  of  nature :  phosphoric  acid  is 
found  in  bone;  citric  and  oxalic  acids  are  vegetable 
products,  and  chromic  and  arsenic  are  of  mineral 
origin.  Those  acids  which  are  produced  by  tlic 
oxidation  of  a  metal,  are  termed  metallic  acids. 

The  states  and  properties  of  acids  are  of  the  most 
varied  description;  some  are  gaseous,  as  carbonic 
acid;  others  fliud,  as  nitrous ;  others  solid,  as  tartaric: 
some  cannot  exist  except  in  combination  with  water 
or  with  a  base,  such  as  acetic ;  others  exist  without 
either,  as  anhydrous  sulphuric  acid.  Most  of  the 
acids  are  colourless,  but  chromic  acid  is  red ;  some 
are  inodorous,  as  sulphuric;  others  pungent,  as 
hydrochloric :  some  are  comparatively  fixed,  as  the 
phosphoric;  others  can  be  converted  into  vapour  at 
a  moderate  heat,  as  sulphuric;  others  are  volatile  at 
all  temperatures,  as  the  hydrochloric. 

No  simple  or  elementary  substance  has  the  pro- 
perties of  an  acid.  Hence  all  acids  are  compounds 
of  two  or  more  elements.  "Wlien  oxygen  was  first 
discovered,  it  was  observed  that  by  its  union  witli 
phosphorus,  sulphur,  nitrogen,  &c.  acids  were  pro- 
duced ;  hence  it  was  supposed  that  oxygen  was  the 
principle  of  acidity,  and  it  was  named  accordingly  acid- 
producer,  from  dfir,  acid,  and  yfvvdai,  I  generate  or 
produce.  But  when  it  was  discovered  that  the  union 
of  oxygen  with  an  element  produced  in  some  cases 
an  alkali  instead  of  an  acid,  and  that  muriatic  and 
some  other  acids  contained  no  oxygen  at  all,  this 
theory  was  abandoned,  although  the  name  of  oxygen 
was  retained. 

The  union  of  one  elementary  substance  with 
another,  is  termed  a  binary  compound  ;  as  for  example, 
oxygen  with  sidphur  in  sulphuric  acid,  or  oxygen 
with  sodium  in  soda.  Combinations  of  binary  com- 
pounds with  each  other,  as  of  sulphui-ic  acid  with 
soda,  are  tenned  ternary  compounds ;  thi-ee  elements 
being  concerned,  as  in  the  instance  just  given,  viz. 
sulphur,  oxygen,  and  sodium.  Most  of  the  mineral 
salts  are  ternary  compounds.  Combinations  of  sails 
with  one  another,  or  double  salts,  such  as  alum,  are 
named  quaternary  compounds. 

In  binary  compounds  of  oxygen  which  possess  acid 
properties,  the  name  of  the  acid  is  derived  from  that 
of  the  substance  which  combines  with  the  oxygen, 
with  the  termuiation  ic.  Wlien  the  same  element 
forms  two  aeid  compounds  with  oxygen,  the  term 
ous  is  appUed  to  that  which  contains  the  less  pro- 
portion of  oxygen,  as  in  sulphurous  and  sulphuiic 
acids.  Wlien  these  acids  combine  with  bases  to  form 
salts,  the  ous  of  the  acid  is  charged  into  ite,  and  the 
ic  into  ate.  Thus  a  salt  of  sidphurous  acid  is  a 
sulphite  ;  of  sulphuric  acid,  a  sulphate. 


This  sort  of  uomeuclatui-e  served  lo  distinguish  these 
acids  and  their  salts  until,  as  chemistry  advanced,  an 
acid  was  discovered  containing  less  oxygen  than  the 
sulphurous,  and  then  a  new  name  was  required:  it 
was  therefore  called  hypos ttlphurous  acid,  and  the  salt 
formed  with  it  was  termed  a  hyposulpldle,  (from  the 
Greek  vtto,  under;)  so  also  when  an  acid  \\;i-  'li 
covered  containing  less  oxygen  than  tlu-      ;  ; 
but  more  than  the  sulphurous,  it  was  callr4 
phuric  acid,  and  its  salt  a  InifmsuliJiiili'.      I 
cases   acids   have  hern     i'    m.^J   ,!.■  i  ,  :      . 
oxygen  than  those  al.v,;.;  i 

in  ic:  to  these  the  pnlix  ,:;.,, ,  im,   ( ,,> .  ,,  i  ,-,t,., 

over)  is  attached,  as  /ri/ih-rrhwrtc  acul,  ami  ils  sails 
liyperchlnrales.  A  similar  system  is  adopted  for  all 
analogous  acids. 

There  is  a  class  of  acids  called  sulphur  ucids,  in 
which  sulphur  takes  the  place  of  oxTgen.     In  -'  - 
cases  the  names  of  the  corresponding   (ix:ir 
sometimes  applied  to  them  with  the  prefix 
sidpharsenious  aud  sulpharsenic  acids,  whicl  i  k  -  r  i , ,  i  I . 
ai'senious  and  arsenic  acids  in  composition,  but  cuutaiii 
sulphur  mstead  of  oxygen.  | 

Most  acids  contain  either  oxygen  or  hydrogen ; 
those  which  contain  the  fomier  are  termed  oxygen 
amils  or  oxyaeids  ;  those  which  contam  the  latter  are 
named  hydrogen  acids  or  hydracids.  Oxygen,  as 
already  stated,  combines  with  the  same  element  in 
various  proportions,  forming  several  distinct  acids 
therewith ;  but  hydrogen  does  not  combine  with  the 
same  element  to  form  more  than  one  acid.  In  the 
nomenclature  of  the  hydracids,  the  names  of  both 
constituents  arc  usually  given : — thus  the  acid  com- 
))0und  of  hydrogen  and  chlorine  is  named  hydrochloric 
acid,  (a  more  systematic  term  than  the  name  mm-i- 
atic,  formerly  applied  to  it;)  the  acid  cniii]i  .-nirl  nf 
hydrogen  and  sidphur  is  named  hydrosiiljil'n 
and  so  on.  The  salts  of  these  acids  an  i  .1 
hydrochlorates  and  hydrosidphates.  The  Milii(i  m1 
salts  will  be  taken  up  more  in  detail  hereafter.  The 
processes  concerned  in  the  manufacture  of  the  most 
important  commercial  acids,  wUl  be  found  under  the 
respective  heads  indicated  at  the  eonnnencement  of 
this  article. 

ADHESION.  The  force  by  wliicli  two  dissimilar 
substances  resist  separation,  although  their  contact 
does  not  produce  any  permanent  change  in  them. 
It  is  distinguished  on  the  one  hand  from  cohesion, 
which  is  applied  to  a  force  of  the  same  kind  be- 
tween similar  substances,  or  parts  of  the  same 
body ;  and  on  the  other  hand  from  actinity,  which 
acting  between  dissimilar  substances,  not  only  resists 
their  separation,  but  renders  it  impossible  by  mere 
mechanical  force. 

The  undisgiused  action  of  adhesion  generally  re- 
quires one  of  the  bodies  to  be  solid,  because  if  both 
were  iiuid  they  would  mix,  and  the  phenomenon  would 
come  under  the  head  of  affinity.  On  the  other  hand, 
it  commonly  reqidres  one  body  at  least  to  be  soft, 
plastic  or  semifluid  if  not  fluid,  for  when  both  are 
completely  solid  we  know  of  no  case  of  decided 
adhesion    which    is    not   referable   to   electrical 


magnetic  attraction,  or  the  pressure  of  the  a;r  or 
other  oui-foundiug  fluid.  Two  pieces  of  clean  lead, 
or  of  glass,  adhere  independently  of  these  causes,  i.  ,•. 
by  the  action  of  cohesion  ;  but  with  dissiuiilar  metals 
or  other  hard  bodies,  however  we  may  press  them,  no 
such  phenomeuon  occurs,  for  the  removal  of  the 
:ii  III- I'hrrio  pressure  causes  them  to  fall  asunder. 
1  il  would  appear  that  the  "attraction  of  ad- 

,  '  as  it  has  been  called,  is  Umited  to  shorter 
IS  than  that  of  cohesion;  since  two  pieces  of 
nr  hard  solid  can  be  brought  near  enough  to 
'       -  ,  «  hile  two  different  solids,  no  harder  or  more 
i ,,  11,  iMuuot  be  brought  near  enough  to  adhere.     To 
prijiluLC  adhesion  generally  requires  one  of  the  solids 
to  be  rendered  by  heat  semifluid  or  ductUe,  and  then 
its  return  to  a  hard  state  (if  not  attended  with  crys- 
tallization) does  not  duninish  the  adhesion,  uide.?s  the 
hi,  .|ii;il  contractions  of  the  Iwn  -i!i  iimr. -,  l,v  tlie 
fill  of  temperatm-e,  fmri    '       1     -  i.iir. 

i  !>'   tlie  fitness  of  different  n-;  •       ■  •:   ,  rmt 

Mi'i-iiiiices,  depends  mainly  on  ilh  m  1  [iiiil  'xpui-lnlity 
by  heat.  Jletals,  being  more  expaubible  than  solids  in 
general,  wiU  not  adliere  to  orduiary  cements,  but 
require  metallic  ones  (called  solders);  and  each  of 
these  does  not  adhere  to  all  metals  indifferently,  but 
oidy  to  those  having  nearly  the  same  rate  of  expansion. 
Glass  aud  stones,  being  both  less  expansible  and  less 
various  iu  their  rates  of  expansion,  adhere  to  a  greater 
variety  of  substances ;  and  light  porous  soUds,  being 
very  little  affected  by  change  of  temperature,  adhere 
stiU  more  generally  to  those  of  the  same  kind  which 
may  be  softened  by  heat  or  liquid  solvents,  and  retuni 
to  the  solid  state  gi-adually  and  without  tendency  to 
crystallize.  The  most  universally  adhesive  bodies 
(as  pitch)  are  those  which  retain,  even  at  low  tem- 
iip;  '*niTs,  a  certam  ductility  by  which  they  may 
i  ',  yii'ld  to  the  various  expansions  and  contrac- 
!  1.  ,  Ml'  the  rigid  bodies  in  contact  with  them ;  and 
ih.  njiil  bodies  most  readily  made  to  adhere  are  the 
worst  conductors  of  heat;  because  they  camiot  undergo 
very  sudden  changes  of  temperature  or  of  bidk,  and 
so  allow  time  for  the  adhering  body  to  accouunodate 
itself.  The  non-adhesiveness  of  animal  membranes  is 
very  remarkable,  and  probably  a  provision  for  their 
cleanluiess  and  freedom  from  foreign  matter.  Crys- 
tallization, by  requiring  a  body  while  soKdifymg  fo 
obey  with  rigour  certain  internal  laws  of  its  o^vn,  is  a 
great  bar  to  adhesion. 

The  adhesion  of  two  soKds  is  generally  stronger 
than  the  cohesion  of  at  least  the  weaker  one.  Hence 
if  Uvo  pieces  of  wood  be  glmn,  -n  n.n  >1,  m  |i:i-tcd 
together,  and  then  separated,  a  1  i  ■  ,   '  f  res 

to  each;  and  if  there  be  a  haul,  '   1    -    'Uinf 

the  cement,  it  wiU  be  split  iiitu  uv.,  liui-,  'i;ii|ily 
because  its  own  cohesion  is  less  than  that  of  the 
cement,  or  of  the  wood,  or  the  adhesion  between  the 
cement  and  either  wood  or  paper.  [See  Moetaes 
and  Cements — Soldeks.] 

Tlie  adhesion  between  a  solid  and  liquid  is  often 
greater  than  a  cohesion  of  the  liquid,  so  that  on 
i  separating  them  a  film  of  liquid  remains  attached  to 
I  the  solid,  and  it  is  said  to  be  welled.     Aeriform  fluids 
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will  wei  as  well  as  liquids.  Tlius  on  piuugiug  the 
fiuger  (or  any  non-metallic  body)  into  mercury,  it 
does  not  touch  that  liquid,  but  retains  a  film  of  air ; 
just  as  it  would  retain,  in  aii-,  a  film  of  water  with 
which  it  had  been  wetted.  Some  few  bodies, 
generally  of  a  fatty  nature,  adhere  to  air  in  preference 
to  water,  and  thus  caimot  be  wetted  by  the  latter, 
except  in  vacuo,  or  when  plunged  to  a  great  depth. 
Ii'on  requires  the  pressure  of  a  certain  small  depth  of 
water  to  remove  its  au'-filra,  for  small  particles  of  it, 
and  even  a  needle,  carefully  placed  on  water,  retain 
air  enough  to  float  them.  A  body  plunged  from  air 
into  a  liquid  may  behave  ia  three  different  ways.  If 
its  attraction  for  the  Uquid  be  such  as  to  overcome 
both  the  adhesion  of  the  air  and  the  cohesion  of  the 
liquid,  it  wiU  raise  the  liquid  all  round  it  with  a  con- 
cave slope,  as  happens  with  silver  dipped  into  mercury, 
or  perfectly  clean  glass  into  water,  but  such  cases  are 
not  common.  If  the  attraction  for  the  liquid  be  not 
sufficient  to  overcome  the  adhesion  of  the  air,  the  I 
liquid  -ivill  be  depressed,  with  a  convex  slope,  to  that 
depth  at  which  its  hydi-ostatic  pressure  enables  it  to 
expel  the  au--fihn;  and  yet  after  once  touoliing  the 
soHd,  it  may  adhere  thereto  with  force  enough  to 
overcome  its  own  cohesion,  and  so  may  wet  it.  This 
is  the  commonest  case  with  water,  and  it  occurs  also 
with  platin-ura  dipped  into  mercury.  The  thii-d  case 
is  when  the  adhesion  of  the  solid  to  the  liquid  being 
weaker  than  the  cohesion  of  the  latter,  it  eaimot  be 
wetted  even  though  the  intervening  air-film  be  ex- 
pelled. This  occurs  with  iron,  brass  and  cobalt  made 
to  touch  mercury;  and  even  in  such  cases  adhesion  is 
not  absent,  and  is  more  easUy  measured  than  in  any 
other  case.  Guyton-Morveau  took  disks  of  these 
metals  1  inch  in  diameter,  and  having  suspended 
them  from  one  arm  of  a  balance,  and  counterpoised 
them  by  weights,  made  them  touch  the  surface  of 
mercury,  when  it  requii-ed  the  addition  to  the  other 
scale  of  115  grains,  143  grams,  and  S  grains  to  detach 
them.  Gay-Lussac  found  that  when  such  disks  can 
be  wetted  by  the  fluid,  they  always  require  (with  the 
same  fluid)  the  same  force,  however  different  their 
materials  may  be,  for  this  does  not  measure  their 
adhesion  but  only  the  cohesion  of  the  fluid,  a  fJm  of 
which  has  to  be  torn  from  the  rest.  But  in  the  case 
of  mercury  and  metals  wetted  by  it,  Morveau  found 
various  forces  necessary  to  detach  them,  because 
affinity  is  here  concerned,  for  the  adhermg  fihn  is 
not  pure  mercmy,  but  an  amalgam  of  the  two  metals, 
and  the  force  measured  is  either  the  cohesion  of  this 
amalgam,  or  its  adhesion  to  the  pure  mercury,  or  to 
the  more  liquid  amalgam  left  behind.  He  found 
these  forces  nearly  proportional  to  the  affinities  of 
the  metals  for  mercury,  or  the  readiness  with  which 
they  combine  -with  it ;  and  adhesion  may  doubtless  be 
considered  proportional  to,  or  even  identical  with 
that  kind  of  affinity  to  which  the  term  affinity  is  most 
proper,  because  it  acts  most  between  bodieshaving  some 
resemblance ;  but  both  this  and  adhesion  are  totally 
independent  of  the  force  commonly  called  affiidty 
by  chemists,  which  acts  most  between  bodies  widely 
differing  from  each  other.     This   distinction  must 


be  borne  in  mmd,  and  for  this  purpose,  besides 
the  difference  above  mentioned  there  are  two  others 
equally  broad  and  important :  the  affinity  that  bears 
a  relation  to  adhesion  produces  compounds  whose 
properties  are  in  every  respect  intermediute  between 
those  of  the  ingredients,  as  alloys,  solutions,  &c. ;  but 
the  other  affinity  produces  compounds  with  new  pro- 
perties uuHke  either  of  the  ingredients,  as  oxides 
from  a  gas  and  a  metal,  salts  from  acids  and  alkalies, 
&c. ;  and  lastly,  the  former  kind  of  affinity  produces 
compounds  in  which  the  proportions  of  the  ingredients 
may  vary,  as  sugar  and  water  m  syrup,  copper  and 
zinc  in  brass,  &c. ;  while  the  other  kind  leads  to 
dcfiidte  compounds,  whose  proportions  are  always 
the  same.     [See  Affinitv.  See  also  Appendix.] 

For  a  further  account  of  the  eifects  of  the  adhesion 
of  liquids  to  solids,  see  Capillaby  Attraction. 

ADIT,  a  passage  or  entrance,  (Latin  udiius,  from 
ad-ire,  to  go  to.)  See  Mixe. 
ADJUTAGE,  See  Hydkaulics. 
ADZE  or  ADDIGE,  a  cutting  tool  or  percussive 
chisel  with  a  thin  arching  blade,  and  its  edge  at  right 
angles  to  the  handle.  In  the  axe  the  edge  is  in  the 
same  plane  with  the  handle.  These  tools  are  ahvays 
used  with  percussion,  and  hence  difl'er  from  chisels, 
which  act  by  pressui-e.  The  axe  differs  fronr  the  adze 
in  being  a  splitting  wedge,  not  a  euttiug  instrument ; 
for  if  driven  into  a  block  of  wood  as  at  a  (Pig.  10)  it 
will  split  it  into  two  parts  through  the  natural  line  of 
the  fibres,  learing  rough  uneven  smfaces,  and  the  rent 
will  precede  the  tool.  A  similar  effect  will  be  pro- 
duced on  removing  a  stout  chip  from  the  side  of  a 
block  of  wood  with  the  hatchet,  adze,  or  paring 
cliisel.  So  long  as  the  chip  is  too  rigid  to  bend  to 
the  edge  of  the  tool,  the  rent  will  precede  it.  If  the 
instrument  is  thin  and  shai-p,  so  that  the  shaving  can 
bend  to  the  tool,  the  wood  will  not  split ;  it  will  bo 
mt.  In  paring  tools,  one  face  of  the  wedge  or  tool 
M-ly  parallel  with  the  face  of  the  work.  In  tools 
[id  with  only  one  chamfer  this  position  not  only 
assists  in  giving  dii-ectiou  to  the  tool,  but  also  places 
the  strongest  line  of  the  tool  in  the  line  of  resistance, 
or  of  the  work  to  be  done.  Thus  the  axe  or  hatchet 
with  two  bcvils  a,  which  is  intended  for  hewing  and 
splitting  and  not  for  cutting,  must,  when  required  for 
the  pui-pose  of  paring  the  surface,  be  applied  at  the 
angle  a',  which  is  a  much  less  convenient  and  effective 
position  than  {b)  that  of  the  side  hatchet  with  only  one 
chamfer;  but  for  paring  a  large  or  a  nearly  horizontal 
surface,  the  side  liii^'i.l  I~  i.il'rii-r  to  the  adze  c. 
This  instrument  i.  1  '  '-  '  '  -  1-  by  the  handle, 
which  is  from  2  H  -  :  ^  ^  '         "  I'ilo  the  operator 

stands  upon  his  w..;k  in  ,:  Mn„,,,m-  position.  The 
weight  of  the  blade  is  from  2  to  1  pounds.  "The 
adze  is  swung  in  a  circular  path  abnost  of  the  same 
curvature  as  the  blade,  the  shouldcr-jomt  being  the 
centre  of  motion,  and  the  eutne  arm  and  tool  forming 
as  it  were  one  inflexible  radius;  the  tool  therefore 
makes  a  succession  of  small  arcs,  and  in  each  blow 
the  arm  of  the  worbnan  is  brought  in  contact  with 
the  thigh,  which  thus  serves  as  a  stop  to  prevent 
accident.     In  coarse  preparatory  works,  the  v/orknian 
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direct  s  tlie  adze  through  the  space  between  his  two 
feet ;  he  thus  surprises  us  by  the  quantity  of  wood 


removed.  In  fine  works  he  frequently  places  his  toes 
over  the  spot  to  be  wrought,  and  the  adze  penetrates 
2  or  3  inches  beneath  the  sole  of  the  shoe,  and  he 
thus  surprises  us  by  the  apparent  danger,  yet  perfect 
working  of  the  instrument,  which  in  the  hands  of  the 
shipwright  in  paiiicuiar,  almost  rivals  the  joiner's 
plane.  It  is  with  him  the  neany  universal  paring 
instrament,  and  is  used  upon  works  in  all  positions."' 

The  small  Indian  adze  or  Bassoolah  d,  instead  of 
being  circular  like  the  European  adze,  is  formed  at  a 
direct  angle  of  45°  or  50°.  Its  handle  is  only  12  or 
13  inches  long,  and  the  tool  is  used  with  great  pre- 
cision by  the  motion  of  the  elbow  joint.  It  is  grasped 
so  near  the  head  that  the  forefinger  rests  on  the 
metal,  the  thumb  nearly  on  the  back  of  the  nandle, 
the  other  fingers  grasp  the  front  of  it,  the  nails 
approaching  the  ball  of  the  thumb.  The  wiist  is 
held  firmly,  the  stroke  being  made  principally  from 
the  elbow,  tne  inclination  of  the  cutting  face  being 
uearly  a  tangent  to  the  circle  described  by  the  instru- 
ment round  the  elbow  joint  as  a  centre,  the  exact 
adjustment  being  made  by  the  grasp  and  the  inclina- 
tion of  the  wrist,  which  is  soon  acquired  by  a  Uttle 
practice.  In  this  way  very  hard  woods  may  be 
dressed  for  the  lathe,  with  a  degi-ee  of  ease  and 
accuracy  not  attaiuable  with  the  smaU  axe  used  in 
this  country. 

Li  order  to  grind  any  one  of  the  adzes  just  noticed 
the  handle  must  be  removed,  and  tliis  is  easily  done, 
as  the  eye  of  the  tool  is  larger  externally  than  inter- 
nally, as  in  the  common  pickaxe,  so  that  the  tool 
cannot  fly  off  when  in  use,  but  a  blow  on  the  end  of 
the  handle  easily  removes  it. 

Ji:OLIPILE,  (from  pila  Moli,  the  ball  of  iEolus, 
or  of  the  god  of  the  ^\'inds,)  an  instrument  formerly 


used  to  illustrate  the  cause  and  generation  of  thn 
wind,  although  it  is  simply  an  instrument  for  con- 
verting water  into  steam.  It  consists  of  a  hollow 
ball  of  metal  sometimes  made  in  the  form  of  a  huiiuui 
face  in  the  act  of  blowing,  with  a  slender  pipe  with  a 
narrow  orilice  issuing  from  the  month  of  the  figure, 
or  inserted  into  the  ball  by  means  of  a  shouldered 
screw.  The  ball  being  flUed  with  water  and  the  pijje 
screwed  in,  the  flame  of  a  spirit  lamp  or  the  heat  of 
bui-ning  charcoal  is  applied  to  it,  and  the  water  being 
heated,  high  pressure  steam  is  formed,  which  escapes 
with  a  great  noise  from  the  jet,  and  with  sufiieient 
force  to  turn  round  a  small  vaned  wheel  opposed  to 
it.  Of  coui-se  the  stronger  the  heat  the  more  clastic 
and  violent  will  bo  the  steam.  Care  must  be  taken 
that  the  jet  is  not  stopped  up,  or  the  ball  may  burst 
and  lead  to  danger.  The  aolipile  is  now  regarded  as 
only  a  scientific  toy  of  no  practical  use,  and  of  very 
little  use  to  the  scientific  lectui-er,  who  has  better 
means  at  his  disposal  for  illustrating  the  generation 
and  force  of  steam. 
AERATED  WATERS,      See  Caiusonic  Acid— 

WaTEBS,  MlNEKAL. 

AEROSTATION  and  AEROSTATICS,  standing 
in  the  air,  from  a'^p,  the  au-,  and  io-tij^ii,  to  stand,  or 
o-rao-if,  standing.  AERONAUTICS,  sailing  in  the 
air,  from  dijp,  the  aii-,  and  vaur,  a  ship.  This  sub- 
ject ought  scarcely  to  find  a  place  in  a  work  devoted 
to  the  usefid  arts,  because  aerostation  has  rarely 
been  applied  to  any  useful  purpose.  The  art  ot 
flying  in  the  air  had  been  a  favourite  problem 
with  learned  and  scientific  men  from  the  times  of 
antiquity ;  but  there  is  no  authentic  account  of  tlie 
problem  having  been  solved  until  towai'ds  the  close 
of  the  last  century,  when  the  brothers  Moutgolficr 
invented  a  maclune  which  they  called  a  halloyi  or 
little  ball,  from  wliieh  we  derive  the  word  baUooii. 
About  the  same  period  Cavendish,  in  England,  dis- 
covered hydi'ogen  gas,  and  proved  it  to  be  the  lightest 
of  all  ponderable  substances ;  it  therefore  occurred  to 
Dr.  Black,  in  17C7  or  17GS,  that  a  hght  envelope 
filled  mth  this  gas  would  ascend.  The  experiment 
was  tried  by  Cavallo,  in  1782,  but  he  did  not  succeed 
in  causing  anything  heavier  than  a  soap-bubble  to 
ascend.  The  fn-st  balloon  that  was  actually  launched 
into  the  air,  was  constructed  by  Stephen  and  Joseph 
de  Montgolfier,  paper-makers  at  Annonay,  near  Lyons. 
It  occm-rod  to  them  that  a  tliin  paper  envelope  might 
be  employed  to  confine  hydi-ogen  gas  in  such  a  way  as 
to  cause  it  to  ascend,  but  they  found  that  the  gas 
escaped  so  rapidly  through  the  pores  of  the  paper 
that  it  ooiJd  not  be  depended  on.  They  then  conceived 
the  idea  that  heat  might  be  employed  to  rarefy  the 
air  enclosed  in  their  balloon.  The  experiment  was 
tried,  and  a  balloon  of  coarse  linen,  lined  with  paper, 
of  the  capacity  of  23,000  cubic  feet,  (Erench,)  was 
found  to  have  a  power  of  lifting  about  5001bs.  in- 
cluding its  own  weight.  This  trial  was  so  successful 
that  the  Montgolfiers  thought  they  had  completely 
solved  the  celebrated  problem  of  flying  or  sailing  iu 
the  air.  They  even  suggested  that  "  large  balloons 
might  be  employed  for  victuaUhig  a  besieged  town. 
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for  raising  wreckeii  vessels,  perhaps  even  for  making 
voyages,  and  certainly  in  particular  cases  for  observa- 
tions of  different  kinds,  such  as  reconnoitring  the 


position  of  a 


irthe  c 


e  of  vessels  at  25 


a.  30  leagues  distance,  &c."  A  public  exhi- 
bition was  made  of  a  montgoljiere,  (as  this  kind  of 
balloon  was  called,  to  distinguish  it  from  the  hydrogen- 
gas  balloon,)  in  the  market-place  of  Annonay,  on  the 
5th  June,  17S3.  The  montgolfiere  was  constructed  of 
immense  folds  of  linen  buttoned  together,  and  fixed 
to  a  frame  110  feet  in  cii-cumference,  the  whole 
weighing  about  SOOlbs.,  and  contaiumg  22,000  cubic 
feet  (French)  of  air.  On  applying  fire  to  the 
opening  at  the  bottom  of  the  balloon,  the  mass  gra- 
dually swelled  out  into  a  large  globe,  and  was  with 
difficulty  prevented  from  rising.  At  length  it  was 
liberated,  and  rose  with  great  rapidity.  In  less  than 
10  minutes  it  gained  an  elevation  of  1,000  toises.  It 
then  moved  in  a  horizontal  Hne,  and  gradually  de- 
scended. The  success  of  this  experiment  excited  the 
greatest  interest  all  over  Europe,  especially  in  Paris, 
where  it  was  immediately  resolved  to  repeat  the 
expeiiment  with  hydrogen  gas  instead  of  heated  air. 
A  balloon  was  formed  of  lutestring,  and  varnished 
with  India  rubber,  and  on  the  23d  August  it  was 
filled  with  hydi'ogen  gas,  procured  by  the  action  of 
ddute  sulphui-ie  acid  and  ii-on  filings.  Considerable 
difficulty  was  experienced  in  filling  it ;  but  the  gas 
not  having  been  washed  by  passing  it  through  cold 
water,  entered  the  balloon  hot,  and  charged  with  acid 
fames,  so  that  it  injured  the  envelope,  and  loaded  it  with 
moisture.  As  much  as  5001bs.  of  sulphuric  acid,  and 
twice  that  weight  of  iron  tilings  were  expended  before 
the  balloon  was  completely  filled.  At  length  it  rose, 
and  was  kept  suspended  at  the  height  of  100  feet 
above  the  ground.  In  this  state  it  was  conveyed 
with  acclamations  to  the  Place  des  Victoires,  and 
about  midnight  it  was  transported  in  silent  procession 
to  the  Champ  de  Mars,  proceeded  by  torches,  and 
guarded  by  horse  and  foot  soldiers ;  the  people  were 
fiUed  with  astonislunent,  and  many  of  them  saluted  it 
respectfully  as  it  passed.  On  the  27th,  it  was  again 
filled,  and  allowed  to  ascend.  It  remained  three- 
quarters  of  an  hour  in  the  air,  and  feE  five  leagues 
from  Paris.  On  the  19th  September,  one  of  the 
Montgolfiers  being  in  Paris,  sent  up  one  of  his 
balloons  with  an  attached  car  containing  a  sheep,  a 
coek  and  a  duck.  These  were  therefore  the  first 
aerial  voyagers.  M.  Pilatre  de  Rosier  was  theii-  im- 
mediate successor,  but  he  deemed  it  prudent  to  have 
a  rope  attached  to  the  balloon  and  held  by  persons 
below,  so  that  he  might  not  be  entii-ely  launched  into 
the  air.     At  length,  on  the  21st  November,  17S3, 


this  gentleman,  accompanied  by  the  Marquis  d'Ariaudes 
ascended  in  a  montgolfiere  at  l.Sl,  P.  M.  "  It  rose 
in  the  most  majestic  manner,  and  when  it  was  about 
270  feet  high,  the  intrepid  voyagers  took  off  their 
hats  and  saluted  the  spectators.  No  one  could  help 
feeling  a  mingled  sentiment  of  fear  and  admiration. 
The  voyagers  were  soon  undistiuguishable,  but  the 
machine,  hovermg  in  the  air,  and  displaying  the 
most  beautiful  figui-e,  rose  at  least  3,000  feet  high, 
and  remained  visible  all  the  time.  It  crossed  the 
Seme  below  the  barrier  of  La  Conference;  and 
passing  thence  between  the  Ecole  Mibtaire  and  the 
Hotel  des  Invalides,  was  in  view  of  aU  Paris.  The 
voyagers,  satisfied  with  their  experiment,  and  not 
wishing  to  travel  further,  agreed  to  descend;  but 
seeing  that  the  wind  was  carrying  them  upon  the 
houses  of  the  Rue  de  Seve,  Faubourg  St.  Gennain, 
they  preserved  tneir  presence  of  mind,  increased  the 
fire,  and  continued  their  course  through  the  air  till 
they  had  crossed  Paris.  They  then  descended  quietly 
on  the  plaic,  beyond  the  new  Boulevard,  opposite  the 
mill  of  Croulebarde,  without  having  felt  the  slightest 
inconvenience,  and  having  in  the  car  two-thirds  of 
theii-  fuel.  They  could  then,  if  they  had  wished,  have 
gone  three  tunes  as  far  as  they  did  go,  which  was 
5,000  toises,  done  in  from  20  to  25  minutes.  The 
machine  was  70  feet  high,  46  feet  in  diameter ;  it 
contamed  60,000  cubic  feet,  and  carried  a  weight  of 
from  1,600  to  l,7001bs." 

The  second  ascent  was  by  Messrs.  Charles  and 
Robert,  on  the  1st  December,  1783,  iu  a  balloon 
filled  with  hydi'Ogen.'  They  ascended  from  the 
Tiiileries  at  Paris,  and  in  an  hour  and  tlu-ee-quarters 
alighted  on  the  meadow  of  Nesle,  25  miles  from  Paris. 
Finding  that  the  balloon  was  still  buoyant,  JI.  Charles 
ventured  alone  upon  a  second  ascent.  The  sun  had 
set,  and  it  was  getting  dark,  but  he  ascended  with 
groat  velocity,  and  reached  a  height  of  2  miles  in 
about  ten  minutes.  The  sun  rose  again  to  liim  in 
fiJl  orb,  and  as  he  says,  "I  was  the  only  illuminated 
object,  all  the  rest  of  nature  being  plunged  in 
shadow."  A  screen  of  vapour  concealed  the  earth 
from  view,  wlule  the  moon  scattered  gleams  of  various 
hues  over  the  fantastic  and  changing  forms  of  the 
clouds  beneath.  The  au-  was  very  cold;  the  balloon 
appeared  to  be  fully  distended,  and  upon  opening  the 
valve,  the  gas  i-ushed  out  like  a  misty  vapour.  He 
descended  slowly,  and  alighted  in  safety  near  the  forest 
of  Tour  du  Lay,  having  travelled  9  miles  iu  35 
minutes.  The  barometer  at  the  greatest  elevation 
fell  to  20.05  inches,  giving  an  elevation  of  about  9,700 
feet.  The  thennometer  sank  to  21°  Falu".  A  short 
time  before  this  ascent,  a  small  pilot  or  messenger 
fire-balloon  was  launched  by  Montgolfier;  tliis  was 
found  to  have  proceeded  in  an  opposite  direction, 
wluch  first  gave  rise  to  the  suspicion  of  the  existence 
of  different  cui-rents  of  air  at  diifcrent  heights. 

On  the  2d  March,  17S4,  M.  Blanchard  ascended 
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from  Pai-is  iii  a  liydi-ogen  balloon  furnished  with 
wings  and  a  nidder,  but  they  were  found  to  be  of  no 
use  in  guiding  the  balloon.  A  paracliute  or  open 
umbrella  was  attached  above  the  car,  to  break  the  fall 
in  case  it  separated  from  the  balloon.  On  the  19th 
September  of  the  same  year,  the  longest  aerial  journey 
yet  made  was  accomplished.  The  Duke  de  Chartres, 
afterwards  Orleans,  employed  Robert  to  construct  a 
silk  balloon.  It  was  56  feet  high,  and  36  feet  in 
diameter,  its  form  being  a  cylinder  terminated  by  two 
hemispheres.  Tliis  balloon,  which  was  fdled  w-ith 
hydrogen,  had  a  contrivance  proposed  by  Meunier  for 
regulating  the  ascent  and  the  position  of  equilibrium 
of  the  balloon  in  the  atmosphere.  It  consisted  of  a 
small  balloon  placed  within  the  principal  one,  and  filled 
occasionally  with  common  air  by  means  of  bellows,  or 
emptied  again  by  opeiiiug  an  exicrior  vahe.     Tlic 

aeronaut  would  thus  he  :''•]'■.  v,r\ :  ('.pni^i  n.  ilir 

charge  of  liydrogen  gas,  -     I.,  _■      .    '    '  '■-'' 

a  small  space,  or  to  risi'  i  J         i'  "> 

inflating  the  iimer  ballon  ,,  ,,;  .i:;.!;,,),-  n  i,.  r.:;.,-,-. 
The  elevation  coidd  thus  be  adjusted  with  great  nicety. 
In  the  first  trial  of  this  apparatus,  the  duke,  Messrs. 
Robert  and  Charles,  and  a  fourth  person,  ascended 
very  slowly  v\ih  n  {Wrr  of  only  271bs.,  as  much 
asSOOlbs.  .1'  I       _    •   rrd'inthecar.     At  the 

height  of  1,1"!  I-  ,:  1  ,  ,  raiiic  on;  the  thermo- 
meter fell  frniii  ;i  In  111  ,  ,  inl  this  cold  caused  the 
balloon  to  dcsccurl  within  200  feet  of  the  tops  of 
the  trees  near  Beauvais.  Ballast  was  thrown  out  and 
the  balloon  rose  to  an  elevation  of  0,000  feet,  when 
the  gas  was  found  to  be  43°  wanner  than  the  external 
air.  The  duke  being  very  much  alarmed  for  his  safety, 
and  anxious  to  descend,  is  said  to  have  pierced  the 
lower  part  of  the  silk  bag  with  his  sword  to  let  out 
the  gas.  After  many  narrow  escapes  from  the 
dangers  of  wind  and  a  thunder  storm,  the  balloon 
descended  safely  near  Bethime,  having  performed  a 
voyage  of  135  miles  in  five  hours. 

Passing  over  several  ascents  made  in  Pi-ance  and  in 
this  comitry,  we  must  notice  the  fate  of  the  first  aerial 
sailor,  JI.  Rozier.  On  the  15th  June,  1785,  in  com- 
pany with  a  yoiuig  gentleman  named  Romain,  he 
ascouded  at  Boulogne-sur-Mer  with  the  intention  of 
reversing  the  experiment  perfonned  by  M.  Blanchard 
and  Dr.  Jefi'ries,  who  on  the  30th  November,  1784, 
crossed  the  Channel  from  Dover  with  the  intention  of 
landing  at  Calais,  but  after  considerable  difficulty,  were 
actually  deposited  in  the  forest  of  Guieimes.  The 
arrangements  made  by  M.  Rozier  were  as  follows. 
In  order  to  counteract  the  fluctuations  consequent 
upon  all  aerial  excursions  urrder  the  ordinary  circum- 
stances, and  to  obtain  the  power  of  increasing  or 
diminishing  the  weight  of  his  apparatus  at  will, 
without  the  usual  expenditure  of  gas  and  ballast,  he 
conceived  the  idea  of  uniting  a  montgolfiere  with  a 
hydrogen-gas  balloon.  Accordingly,  he  affixed  to  the 
hydi-ogen  baUoon,  by  which  the  principal  part  of  the 
weight  was  to  be  borne,  a  smaD  montgolfiere,  by  acting 
upon  which  he  expected  to  be  able  to  alter  its  specific 
gravity  as  occasion  might  require.  M.  Roziei",  how- 
'lor,  does  not  seem  to  have  taken  into  account  the 


great  expansion  which  a  gas  undergoes  under  dim: 
nished  atmospheric  pressure,  such  as  is  experienced  o 
ascending  to  a  great  height;  for  as  the  machine  ros 


the  inflammable  gas  gradually  distended  the  envelope 
in  which  it  was  contained,  and  then,  not  having  room 
for  further  expansion,  prnired  do-^vn  the  tube  which 
fonned  tlir  la d.  nf  i'  <  li,  Il.iun,  and  speedily  reaching 
theflreus(i''        '  nii^nlfiere,  became  ignited. 

Thewhiiln  i    iiMimed  in  the  air,  and 

the  two  uuf  ill  I  mail  \n,,i_.  IS  were  precipitated  upon 
the  rocks  near  the  sra-shore.  A  monument  was 
erected  on  the  spot  where  they  fell ;  it  is  now  in  a 
dilapidated  condition,  as  will  be  seen  from  the  en- 
graving (Pig.  11)  made  from  a  sketch  taken  a  few 
years  ago  by  a  friend  of  the  editor.  The  ruinous 
condition  of  this  monument  is  entii-cly  due  to  the 
wanton  mischief  of  th«  lower  orders  in  the  neigh- 
bourhood of  Boulogne,  and  is  sufficient,  we  think,  to 
prove  that  public  monuments  when  left  unguarded 
faro  no  better  in  France  than  in  England.  The  follow- 
ing is  an  exact  copy  of  the  inscription  on  this  mouu- 


n  aheady  stated  that  the  Prcncli  employed 
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balloons  fur  the  p\irpcse  of  military  rccoimaissaiicc. 
lu  the  early  part  of  the  French  revolution  a  balloon, 
prepared  under  the  direction  of  the  Aerostatic  In- 
stitute in  the  Polytechnic  School,  and  entrusted  to 
the  command  of  two  or  tliree  experienced  officers, 
was  distributed  to  each  of  the  republican  armies. 
These  balloons  were  of  a  more  solid  and  perfect  con- 
struction than  the  toy  macliines  hithei-to  exliibited. 
They  were  filled  hy  a  far  more  economical  method 
than  that  before  adopted,  namely,  by  passing  steam  of 
water  through  six  iron  oyKnders  charged  with  iron 
turnings,  and  heated  to  redness  in  a  simple  kind  of 
furnace;  the  oxygen  of  the  steam  unitmg  with  the 
iron,  while  the  hydrogen  gas  being  disengaged  was 
first  passed  through  a  reservoir  of  caustic  lye  before 
it  entered  the  balloon.  By  this  contrivance  a  balloon 
30  feet  in  diameter  could  be  filled  in  about  i  hours 
at  a  very  moderate  expense. 

As  the  aeronautic  voyages  hitherto  undertaken  had 
contributed  almost  no  results  to  science,  the  French 
philosophers  were  anxious  to  employ  one  of  the 
balloons  of  the  Aerostatic  Institute,  for  the  purpose 
of  making  a  set  of  obseiTations  in  the  liigher  regions 
of  the  ail-.  In  July,  1S03,  Messrs.  Robertson  and 
Lhoest  had  ascended  from  Hamburg  to  a  height  of 
nearly  3  miles,  and  had  given  out  a  statement  of 
results,  the  accuracy  of  which  had   bccu  called  in 

question.        Tn   M   riU    lll-'-r,     :rhl     lil-M     t.i     .•!ilr     (■['!. ■!■ 

Their  oll'er  \'..i-  -•'.■mj.Ii  iI  I.;,  l;.  ■■;i:-!li  i  :,<'/[  l/u.'l  I'v, 
and  Chaptal,  then  minister  of  the  interior,  gave  it  liis 
warm  support.'  The  balloon  which  had  once  visited 
Egypt  was  dchvered  to  the  custody  of  Blot  and  Gay- 
Lussac ;  and  the  same  artist  who  constructed  it  was 
ordered  to  refit  and  prepare  it  under  then-  direction 
at  the  public  expense.  Besides  the  usual  provision 
of  barometers,  thennometers,  hygrometers,  and  elec- 
trometers, they  had  two  compasses,  and  a  dipping 
needle,  with  another  fine  needle,  carefully  magnetized, 
and  suspended  by  a  very  delicate  silk  tliread,  for 
ascertaining  by  its  vibrations  the  force  of  magnetic 
attraction.  To  examine  the  electricity  of  the  different 
strata  of  the  atmosphere,  they  carried  several  me- 
tallic wires,  from  60  to  300  feet  in  length,  and  a 
small  electrophorus  freely  charged.  For  galvanic 
experiments  they  had  procured  a  few  discs  of  zinc 
and  copper,  with  some  frogs,  to  which  they  added 
insects  and  birds.  It  was  also  intended  to  bring 
down  a  portion  of  air  from  the  liigher  regions,  to  be 
subjected  to  a  chemical  analysis  ;  and  for  this  purpose 
a  flask,  carefully  exhausted,  and  fitted  with  a  stop- 
cock, had  been  prepared. 

The  balloon  was  placed  in  the  garden  of  tlie  Con- 
servatoire des  Arts,  and  no  pains  were  spared  in  pro- 
viding whatever  might  contribute  to  the  greater 
safety  and  convenience  of  the  voyagers.  Evetytliing 
bemg  ready  for  their  ascent,  these  adventurous  plulo- 


larkcJ 


presence  ( 
at  ten  o'clock  in  the  morning  of  the  23tl 
of  August,  180i.  The  barometer  was  then  at  30.13 
inches,  the  thermometer  at  61.7"  Fahr.,  and  Saussurc's 
hygrometer  pointed  at  80.8°,  or  very  near  the  limit  of 
absolute  himiidity.  They  rose  with  a  slow  and  im- 
posing motion.  Their  feelings  were  at  first  absorbed 
ui  the  novelty  and  magnificence  of  the  spectacle 
which  opened  before  them;  and  their  ears  were 
saluted  with  the  buzz  of  distant  gi-atulations,  sent  up 
from  the  admii'ing  spectators.  In  a  few  minutes 
they  entered  the  region  of  the  clouds,  which  seemed 
like  a  thin  fog,  and  gave  them  a  slight  sensation  of 
humidity.  The  balloon  had  become  quite  inflated, 
and  they  were  obliged  to  let  part  of  the  gas  escape,  by 
opening  the  upper  valve ;  at  the  same  time,  they  threw 
out  some  ballast,  to  gain  a  greater  elevation.  They 
now  sliot  through  the  range  of  clouds,  and  reached 
an  altitude  of  about  6,500  English  feet.  These 
clouds  viewed  from  above  had  the  ordinary  whitish 
appearance ;  they  all  occupied  the  same  height,  only 
their  upper  surface  seemed  marked  with  gentle  swells 
and  undulations,  exactly  resembling  the  aspect  of  a 
wide  plain  covered  with  snow. 

Our  voyagers  now  began  their  experimental  opera- 
tions. The  magnetic  needle  was  attracted  as  usual 
by  iron ;  but  they  found  it  impossible  at  this  time  to 
ilil(i:ii;;h  «iili  aeeuracy  its  rate  of  oscillation,  owing 
!  .  .  I  '  I  II  V  motion  with  which  the  balloon  was 
!  I  :;>'  meanwhile,  therefore,  they  made 
ii!'  ,  i'mi.  !!.,us.  A  Yoltaic  pile,  consisting  of 
twenty  pairs  of  plates,  exhibited  all  its  ordinary 
effects,  gave  the  pungent  taste,  excited  the  nervous 

I  commotion,  and  occasioned  the  decomposition  of 
water.    By  rejecting  some  more  ballast,   they  had 

!  attained  tie  altitude  of  8,940  feet,  but  afterwards 
settled  to  that  of  8,600  feet.  At  this  great  elevation, 
the  animals  which  they  carried  with  them  appeared 
to  suffer  from  the  rarity  of  the  ah-.  They  let  off  a 
violet  bee,  wMcli  flew  away  very  swiftly,  making  a 
humming  noise.  The  thermometer  had  fallen  to  56.4° 
Fahr.,  yet  they  felt  no  cold,  and  were,  on  the  coutrary, 
scorched  by  the  sun's  rays,  and  obliged  to  lay  aside 
their  gloves.  Both  of  them  had  their  pid.ses  much 
accelerated.  That  of  Blot,  which  generally  beat 
79  times  in  a  minute,  was  raised  to  111 ;  whUe  tlie 
pulse  of  Ids  friend,  Gay-Lussao,  a  man  of  a  less  robust 
frame,  was  heightened  from  60  to  80  beats  in  the 
minute.  Notwithstanding  their  quickened  pulsation, 
iiowever,  they  experienced  no  sort  of  uneasiness  nor 
any  difficulty  in  breathing. 

What  perplexed  them  the  most  was  the  difficulty 
of  observing  the  oscillations  of  a  delicately  suspended 
magnetic  needle.  But  they  soon  remarked,  on  look- 
ing attentively  down  upon  the  surface  of  the  con- 
glomerated clouds,  that  the  balloon  slowly  revolved, 
first  in  one  dii-cction,  and  then  returned  the  contrary 
way.  Between  these  opposite  motions  there  inter- 
vened short  pauses  of  rest,  which  it  was  necessary 
for  them  to  seize.  "Watching,  therefore,  the  moment  .s 
of  quiescence,  they  set  the  needle  to  vibrate,  but 
table  to  conut  more  than  five,  or  very  rarely  ten 
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oscillutious.  A  nmuber  of  trials  made  between  the 
altitudes  of  9,500  and  13,000  feet,  gave  7"  for  the 
mean  length  of  an  osciUatiou,  wliile  at  the  surface  of 
the  earth  it  required  7^"  to  perform  each  oscillation. 
A  difference  so  vei-y  minute  as  the  140th  part  could 
bo  imputed  only  to  the  imperfection  of  the  ex- 
periment; and  it  was  hence  faii-ly  concluilnl  ijiii  iIh 
force  of  magnetic  attraction  had  in  no  ili  _ 

nished  at  the  greatest  elevation  they  c 

The  direction  of  tliis  force,  too,  seemed,  h  _..i  eu 
cm-ruig  cirouinstances,  to  have  contuiued  the  same ; 
though  they  coidd  not  depend  on  observations  made 
in  their  vacillating  car  with  so  delicate  an  instnunent 
as  the  dipping  needle.  At  the  altitude  of  11,000 
feet  they  Uberated  a  green  linnet,  which  flew  away 
dii-eetly;  but  soon  feeling  itself  abandoned  in  the 
midst  of  an  unknown  ocean,  it  returned  and  settled 
on  the  stays  of  the  balloon.  Then  mustering  fresh 
courage  it  took  a  second  flight,  and  dashed  down- 
wards to  the  earth,  describing  a  tortuous,  yet  almost 
pci-pendicular  track.  A  pigeon  which  they  let  off 
under  similar  circumstances  afforded  a  more  curious 
spectacle.  Placed  on  the  edge  of  the  car,  it  rested  a 
while,  measuring  as  it  were  the  breadth  of  that  un- 
explored sea  which  il  drijn-.l  In  iiavcrse;  now 
launching  into  tbc  ;ili  '  in,  i    '  ' i  ivfjularly,  and 

seemed  at  fu-st  to  ti  ,  ■    .   thin  element; 

till,  after  a  few  stn.lr  ,  ii  lhu:  J  hiurc  confidence, 
and,  whirhng  in  large  circles  or  spirals,  like  the  bii-ds 
of  prey,  it  precipitated  itself  towards  the  mass  of 
extended  clouds,  where  it  was  lost  from  sight. 

It  was  difficult  in  those  lofty  and  rather  humid 
regions,  to  make  electrical  observations;  and  the 
attention  of  the  scientific  navigators  was,  besides, 
occupied  chiefly  by  their  magnetical  experiments. 
However,  they  let  down  from  the  car  an  insulated 
metallic  wire  of  about  250  feet  in  length,  and  as- 
certauicd,  by  means  of  the  clectrophorus,  that  the 
upper  end  indicated  resmous  or  negative  electiioity. 
This  experiment  was  several  times  repeated ;  and  it 
seemed  to  corroborate  fully  the  previous  observations 
of  Saussure  and  Volta  relative  to  the  increase  of 
electricity  met  with  in  ascending  tbe  atmosphere. 

The  diminution  of  temperature  in  the  higher  regions 
was  found  to  be  less  than  what  is  generally  experienced 
at  the  same  altitude  on  mountains.  Thus,  at  the 
elevation  of  12,800  feet,  the  thermometer  was  at  51 
Ealu-.,  while  it  stood  as  low  as  63|°  at  the  Observatory ; 
being  only  a  decrement  of  one  degree  for  each  1,000 
feet  of  ascent.  This  fact  coiTCsponds  with  the  oljsor- 
vations  made  by  former  aeronauts,  and  w.i^  pidlili'-, 
produced  by  the  operation  of  two  diflVr.  ; 
Fh'st,  the  rays  from  the  sun,  not  bemg  r;r 
passmg  through  the  denser  portion  of  the  alnij: ;  hi  n , 
woidd  act  with  greater  energy  on  the  balloon  and  its 
car,  and  consequently  affect  the  thennometer  placed 
in  their  vicinity.  Next,  the  warm  current  of  air, 
which  during  the  day  rises  constantly  from  the  heated 
surface  of  the  ground,  must  augment  the  temperature 
of  any  body  which  is  exposed  to  its  influence.  Durmg 
the  night,  on  the  contrary,  the  upper  strata  of  the 
atmosphere  would  probably  be  found  colder  than  the 


geucrid  stankrd,  owuigto  the  copious  desccnUf  cold 
portions  of  aii-  from  the  highest  regions. 

The  hygrometer,  or  rather  hygroscope,  of  Saussure, 
advanced  regularly  towards  dryness  in  proportion  to 
the  altitude  wliich  they  attamed.  At  the  elevation 
(if  13,O(.)0  feet  it  had  changed  from  80.8°  to  30°. 
I'll  1  lii  !;,<■  r.,ii(lusionthat  the  air  of  the  higher  strata 
■^  -  1  I  iliit  of  the  lower,  we  are  iucUiicd  to 
I  :  I  Minus.  Li  fact  the  intUcations  of  the 
1  ;.ui";lu|'c  JiiiLiid  on  the  relative  atti-.aetion  for 
hoiuidity  possessed  by  the  substance  employed,  and 
the  medium  in  whicli  it  is  immersed.  But  air  has  its 
disposition  to  retahi  moisture  always  augmented  by 
rarefaction,  and  consequently  such  alteration  alone 
must  materially  affect  the  hygroscope.  The  only 
accurate  instrument  for  ascertaining  the  condition  of 
the  air,  with  respect  to  dryness,  is  founded  on  a 
property  of  evaporation. 

The  ballast  being  now  almost  quite  expended,  it 
was  resolved  to  descend.  The  aeronauts,  therefore, 
pulled  the  upper  valve  and  allowed  part  of  the  hydrogen 
to  escape.  They  dropped  gradually,  and  when  they 
came  to  the  height  of  4,000  feet  they  met  the  stratmn 
of  clouds  extending  horizontally,  but  with  a  sui-faee 
heaved  into  gentle  swells.  "Wlien  they  reached  the 
ground,  no  people  were  near  them  to  stop  the  balloon, 
which  dragged  the  car  to  some  distance  along  the 
fields.  Prom  this  awkward  and  even  dangerous 
situation  they  could  not  extricate  themselves  without 
discharging  the  whole  of  their  gas,  and  therefore  giving 
up  the  plan  of  sending  M.  Gay-Lussac  alone  to  explore 
the  highest  regions.  It  has  been  reported  that  his 
companion,  M.  Biot,  though  a  man  of  activity,  and  not 
deficient  in  personal  courage,  was  so  much  overpowered 
by  the  alarms  of  their  descent,  as  to  lose  for  the  tune 
the  entire  possession  of  liimself.  The  place  where 
they  alighted,  at  half-past  one  o'clock,  after  three 
hours  and  a  half  spent  in  the  midst  of  the  atmosphere, 
was  near  the  viUage  of  MeriviUe,  in  the  department 
of  the  Loiret,  and  about  fifty  nulcs  from  Paris. 

It  was  the  desire  of  several  philosophers  at  Paris 
that  M.  Gay-Lussac  should  mount  a  second  time,  and 
repeat  the  different  observations  at  the  greatest 
elevation  he  could  attain.  Experience  had  instmcted 
him  to  reduce  his  apparatus,  and  to  adapt  it  better 
to  the  actual  circumstances.  As  he  could  only  count 
the  vibrations  of  the  magnetic  needle  during  the  very 
sliort  intervals  wliieh  occurred  between  the  contrary 
rotations  of  the  balloon,  he  preferred  one  of  not  more 
IIkiu  six  inches  iu  length,  whicli,  therefore,  oscillated 
inirLcr,  'I'll-'  ili;'|>iii_'  iir.  :llr  li;;(|  1  M'Tu  magnctizcd 
V   I  1  rr-t  the  thermo- 

-  it  was  enclosed 
wiiliiutM'j  u  j.h:':iiiiic  c^  Iiii.J.li  :  "1  i-:'Mcboard  covered 
with  gilt  paper. 

The  hygi-ometers,  which  were  made  with  four  hairs, 
were  sheltered  nearly  in  the  same  way.  The  two 
glass  flasks,  intended  to  bring  down  air  from  the 
highest  regions  of  the  atmosphere,  had  been  exliaustcd 
till  the  mercurial  gauge  stood  at  the  25th  part  of  an 
inch,  and  their  stopcocks  were  so  perfectly  fitted  thai 
after  the  lapse  of  eight  days  they  still  preseiTed  their 
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vacuum.  These  articles,  with  two  barometers,  were 
the  principal  instroinents  which  M.  Gay-Lussac  took 
with  him. 

Oa  the  loth  September,  at  9.40  a.m.,  the  scientific 
voyager  ascended  from  the  same  place  as  before. 
The  barometer  then  stood  at  30.66  inches,  the  ther- 
mometer at  82°  Pahr.,  and  the  hygrometer  at  57i°. 
The  sky  was  unclouded,  but  misty.  Scarcely  had  the 
observer  reached  the  height  of  3,000  feet,  than  he 
observed  spread  below  hun,  over  the  whole  extent 
of  the  atmosphere,  a  thin  vapour  which  rendered 
distant  objects  very  indistinct.  Having  gained  an 
altitude  of  9,950  feet,  he  set  his  needle  to  vibrate, 
and  found  it  to  perfoi-m  twenty  oscillations  in  83", 
though  it  had  taken  84". 33  to  make  the  same  number 
at  the  surface  of  the  earth.  At  the  height  of  12,680 
feet,  he  discovered  the  variations  of  the  compass  to  be 
precisely  the  same  as  below ;  but  with  all  the  pains 
he  could  take,  he  was  unable  to  determine  with  suffi- 
cient certainty  the  dip  of  the  needle.  M.  Gay-Lussae 
continued  to  prosecute  his  other  experiments  wilh 
the  same  diligence,  and  with  greater  success.  At  the 
altitude  of  14,480  feet  he  found  that  a  key,  held  in 
the  magnetic  direction,  repelled  witli  its  lower  end, 
and  attracted  with  its  upper  end,  the  north  pole  of 
the  needle  of  a  small  compass.  This  observation  was 
repeated,  and  with  equal  success,  at  the  vast  height 
of  20,150  feet ;  a  clear  proof  that  the  magnetism  of 
the  earth  exerts  its  influence  at  remote  distances.  He 
made  not  fewer  than  fifteen  trials  at  different  altitudes, 
with  the  oscillations  of  his  finely  suspended  needle. 
It  was  generally  allowed  to  vibrate  twenty  or  thirty 
times.  The  mean  result  gives  4".220  for  each  oseUla- 
tiou,  while  it  was  4".216  at  the  sui-faee  of  the  earth ; 
an  apparent  diiference  so  exti'emely  small  as  to  be  fairly 
neglected. 

During  the  whole  of  his  gradual  ascent,  he  noticed, 
at  short  intervals,  the  state  of  the  barometer,  the 
thermometer,  and  the  hygrometer.  Of  these  observa- 
tions, amounting  iu  all  to  twenty-one,  he  has  given 
a  tabular  view.  LesUe  regrets  that  Gay-Lussac  j 
neglected  to  mark  the  times  at  which  they  were  made, 
since  the  results  appear  to  have  been  very  considerably  \ 
modified  by  the  progress  of  the  day.  He  also  suggests 
that  it  would  have  been  desirable  to  have  compared 
them  with  a  register  noted  every  half-hour  at  the 
Observatory.  From  the  sm-face  of  the  earth  to  the 
height  of  12,125  feet,  the  temperature  of  the  atmo-  I 
sphere  decreased  regularly  from  82°  to  47.3°  Tahr. 
But  afterwards  it  increased  again,  and  reached  to 
53.6°  at  the  altitude  of  14,000  feet ;  evidently  owing 
to  the  influence  of  the  warm  currents  of  air,  which,  , 
as  the  day  advanced,  rose  continually  from  the  heated  ' 
ground.  From  that  point  the  temperature  diminished, 
with  only  slight  deviations  from  a  perfect  regularity.  , 
At  the  height  of  18,036  feet,  the  thennometer  sub-  | 
sided  to  32.9°  on  the  verge  of  congelation;  but  it 
sunk  to  14.9°  at  the  enormous  altitude  of  22,912  feet 
above  Paris,  or  23,040  feet  above  the  level  of  the  sea, 
the  utmost  Kmit  of  the  balloon's  ascent. 

Sir  John  Leslie  thinks  that  from  these  observations 
uo  conclusive  inference  can  be  drawn  respecting  the 


mean  gradation  of  cold  which  is  maintained  iu  the 
higher  regions  of  the  atmosphere ;  because  the  several 
strata  are  during  the  day  kept  considerably  above 
their  permanent  temperatm-e  by  the  hot  currents 
raised  from  the  surface  thi-ough  the  action  of  the 
Sim's  rays.  Leslie  had  calculated  that  the  diminution 
of  temperature  corresponding  to  the  first  part  of  the 
ascent,  or  12,125  feet,  ought  have  been  40°;  but  the 
temperature  actually  observed  was  34.7°.  In  the 
next  portion  of  the  voyage,  from  the  altitude  of 
14,000  feet  to  that  of  18,636  feet,  or  the  breadth  of 
4,636  feet,  the  decrease  of  temperature  was  calculated 
at  16^°,  whereas  it  was  20.7°,  a  proof  that  the  diurnal 
heat  from  below  had  not  yet  produced  its  full  effect 
at  such  a  great  height.  In  the  last  portion  of  the 
balloon's  ascent,  fi-om  18,636  feet  to  22,912,  a  range 
of  3,276  feet,  the  decrease  of  heat  was  calculated  at 
15-i-°,  and  it  was  actually  18°,  owing  most  probably 
to  the  same  cause,  or  the  feebler  influence  which  wann 
currents  of  air  from  the  surface  exert  at  those  vast 
elevations.  Taking  the  entire  range  of  the  ascent,  or 
22,912  feet,  the  diminution  of  temperature  according 
to  Leslie's  formida  woidd  be,  for  the  gradation  of 
temperature  in  ascending  the  atmosphere,  85.4°. 
The  decrease  actually  observed  would  be  67.1°,  which 
might  be  raised  to  80°  if  we  admit  the  very  probable 
supposition,  that  the  surface  of  the  earth  had  be- 
come heated  from  82°  to  94.9°,  during  the  interval 
between  ten  o'clock  in  the  morning,  and  near  tlirce 
in  the  afternoon,  when  the  balloon  floated  at  its 
greatest  elevation. 

It  appears  then  from  these  results,  that  the  grada- 
tion of  temperature  in  the  atmosphere  is  not  uniform, 
but  proceeds  with  augmented  rapidity  in  the  more 
elevated  regions. 

The  hygrometers  during  the  ascent  of  the  balloon 
held  a  progress  not  quite  so  regular,  but  tending 
obviously  towards  dryness.  At  the  height  of  9,950 
feet  they  had  changed  from  57.5",  to  62°,  from  which 
point  they  continued  afterwards  to  decline,  till  they 
came  to  mark  27.5°  at  the  altitude  of  15,190  feci. 
From  this  inferior  limit  the  hygrometers  advanced 
again,  yet  with  some  fluctuations  to  35.1°,  which 
they  indicated  at  the  height  of  18,460  feet.  Above 
this  altitude  the  variation  was  slight,  though  rather 
inclining  to  humidity.  There  can  exist  uo  doubt, 
however,  that  allowing  for  the  influence  of  the  pre- 
vailuig  cold,  the  higher  strata  of  the  atmosphere  must 
be  generally  drier  than  the  lower,  or  capable  of 
retauiing,  at  the  same  temperature,  a  larger  share  of 
moisture. 

At  the  altitude  of  21,460  feet,  M.  Gay-Lussac 
opened  one  of  his  exiausted  flasks ;  and  at  that  of 
21,790  feet,  the  other.  The  air  rushed  into  them 
thi-ongh  the  narrow  aperture  with  a  whistling  noise. 
He  still  rose  a  little  higher,  but  at  eleven  minutes 
past  three  o'clock,  he  had  attained  the  utmost  limit 
of  his  ascent,  and  was  then  22,912  feet  above  Paris, 
being  more  than  four  miles  and  a  quarter  above  the 
level  of  the  sea.  The  air  was  now  more  than  twice 
as  thin  as  ordinary,  the  barometer  having  sunk  to 
12.95     inches.      From     that     stupendous    altitude. 
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1,600   feet    above   the  levtl    ut'   tlie   Andes,    more 

While  occupied  mth  e 

.\perunents  at  this  enonnoiis 

elevated  than  the  loftiest  piimacle  of  our  globe,  and 

elevation,   lie  bo-an,  tli 

u-h  warnilv  cLul,  to  suffer 

far  above  the  heiglits  to  ■which  any  mortal  had  ever 

from  ex.  — iw'  ,..M   „ 

ii          1,:,    ,,     ,      i..       r,.„l,uucd 

soared,  Die  aerial  navigator  cahnly  pursued  his  obser- 

C-M'o^"'''   ■'•   '     '■' ' 

!i.     1      ,    ii„-',w^r,    a 

vations.    During  his  former  asceut,  he  saw  the  fleecy 

difficullv  <.i    '.    ...  : 

clouds  spread  out  below  him,  whUe  tlio  r;iiii.]iv  of 

wnv  iniK  '                        -I 

::u..,'„.  Ij.i.iii.L  .vj  parelicd 

heaven  seemed  of  tlie  deepest  azure,  ni-'ir  -  i. 

1  nuatcd  ail-,  that  he  could 

than  Pi-ussia;n  blue.   This  time,  however,  li«   i     -       ■  i 

ii  lirrad;  but  he  experienced 

no  douds  gathered  near  the  surface,  but  n  :  i     1     i 

,     .   ;l;.   ;       ,;l    .      1       .,.r..   n 

iiirucc   from   his   situation. 

range   of   them   stretching  at  a  very   n i«  i   1 

l^,llh,■o^^l,  lh,■^^l,oK•ofthe 

height  over  his  head,   the  atmosphere,  i^-^   v.         i 

-    •     »llll    a    .slm-ht    hr,-Hl:, 

lir,  liruu.Iii    n„  livllic  pre- 

transparency,  and  had  a  dull,  misty  apiicar-           i 

'.    .  ir.    r;ili-.i;'>    ;i;i.l    v,;, 

,t     ,,r     .sl.Tp  ;      i:nl      tlluugh    it 

iliffereut  aspect  of  the  sky  was  probaljlv  o«  ii-  i  .  r  . 

r.    ,iii:i;id  williout  aliair 

iieiil,  it  was  umI  inrKased  by 

direction  of  the  wind,  which  blew  from  thr  n..rlli- 

l)Ort!i-west,  in  liis  first  voyage,  but  in  l;is  second  from 

The  baboon  was  now  e 

omplctcly  distended,  and  not 

Ike  south-Bust .                                                                   ,  more   tli:iii    :',o  lbs.    of 

lallast    remained:    it    liegoil 

1                                      -.    \ 

;-- 

.    "       ■ 

to  droop    I    1        t        1  1 

to  rigid  il  I 

lapse  of  3 1  1   1 1    I  I  1 1  1  '   '    1     '  ' 

the  inehor  touched  the  niound  lud  mstautlj  seeuied 
the  car  The^o>agel  ahghted  with  tjreat  ease  near 
the  hamlet  of  St  Gourgon  about  16  nides  noith 
west  from  Bouea  The  mhabitauts  flocked  aio  lud 
him  offering  hun  assistance,  and  eager  to  gratify 
their  cuiiosity 

As  sooi  IS  lie  II  iflied  Pans  he  liastened  to  the 
hiboi  if  1  \  1  I  I  t  I  School  with  his  flasks 
cont  uni  I    u  gions  and  proceeded 

toandv      I        I  I  Thenard  and  Giesstt 

lushed  into  them  and 


loie  it  niiy  b  coucludLd  th  it  the  piopoitioiis  of 
oxygen  and  nitiogcn  in  the  atmosphere  are  essentnllv 
tlie  samom  ill  sitnatirn'^ 

Sir  John  Lf^hr  i        i'      <  i'      Hi  it  the  ascents 
performed  bv  J'   '    I  '        I   i     lo  aie  memo 

rable    for  bem.,  tl  t  i'  ui  solely  for 

objects  of  seitne        I     i     i  I     ne  savs  not  to 

admire  the  mtiepid  ci  bi  willi  which  they  con 
ducted  these  cxpciii  lents  operating  wlule  thev  floated 
m  the  highest  legions  ot  the  atmosphere  with  the 
mposuie  and  piccision  as  if  they  had  been 


iitlj  hdi  lillid  theu  eipaeity      The  tjansported    quietly  seated  m  then  e  ibincts  at  ParL^      Since  that 
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tuuf  uun  ei  uo        Liit';  Inve  been  pcifoimed  in  cUf- 
"i     f  1  11\  by  idventmeis  guided  by 

1  noi  leiduig  to  any  valuable 

\  I    upver,  lem-wk  tint  m  ISOG, 

(  I  oiiiei  loyil  -it  Napleb,  made  a 

biUoon  1  c  lit  m  n  mpmy  ^^lth  Andicam,  the  first 
Italian  aeionaut  Li  attcinptmg  to  nso  to  i  greater 
lieight  tlnn  Git  Luss  le  bad  done  they  got  into  an 
atniDsplieie  so  me  that  the  biUoon  buist  from  flip 
gipit  e\piusinn  of  the  gas  Its  slneds  >'  I  t- 
check  the  \  (.incite  of  their  descent,  and  i  1  i 
111  open  sj  ICC  tliLU  h\esMeie  sa^ed,  bit  J...  ■  .  ,, 
c  lilt  1  acted  a  disease  which  afflicted  lum  till  hib  deutii 
111  1S33. 

We  must  also  notice  the  voyage  perfonncd  by 
Messrs.  Holland,  Mason,  and  Green,  in  the  year 
1S30,  as  being  the  longest  on  record,  the  distance  of 
aliout  500  miles  having  been  performed  in  18  hours. 
Tlie  balloon  was  one  which  had  been  built  by  the  pro- 
prietors of  Vauxliall  Gardens.  It  was  pear-shaped, 
and  when  inflated  was  60  feet  high,  and  abont  50 
feet  in  its  largest  diameter.  It  required  85,000 
cubic  feet  of  gas  fiJly  to  distend  it,  and  its  ascensive 
force  was  about  3,000  lbs.  after  allowing  for  the  weight 
of  the  machine  itself  and  its  accessories,  wliich  were 
estimated  at  l,0001bs.  Tlie  car  was  of  wicker-work, 
oval  in  shape,  9  feet  by  -i  feet.  T!ie  aeronauts  pro- 
posed to  embark  ui  this  balloon,  and  to  proceed  on 
whatever  course  the  winds  might  direct.  Tliry  do 
not  state  how  long  they  intended  to  remain  iu  the 
air,  but  they  took  a  fortnight's  provisions,  laid  in 
a  ton  of  ballr-*  i,i  iii-  ,  i  .  1 1  rod  and  marked,  while 
all  round  t!.  i  1  about  the  car,  were 

suspended  r  ,  .  i  i  ,  Ijarrels  of  wood  and 
of  copper  tu  |>!u'.:J^  1„.  li.cii'  safety  in  cn^e  tlie 
balloon  shoiJd  descend  into  the  sea,  s'  - V  •  •■■ 
trumpets,  barometers  telescopes,  lamps,  \i  i 
spirit  flasks,  and  other  articles.  They  al  -  1.  o 
a  machine  for  wanning  coffee  and  other  liquids  liy 
means  of  the  heat  developed  in  the  process  of  slaking 
lime.  This  was  intended  to  supersede  the  necessity 
of  making  a  fire.  They  had,  however,  a  lamp,  the 
flame  of  wliieh  was  properly  protected,  to  be  burnt 
at  night. 

In  addition  to  the  ballast,  the  balloon  was  also 
furnished  with  a  ffuide-rope  about  1,000  feet  long, 
to  be  lowered  from  the  car  by  means  of  a  windlass, 
and  passmg  through  a  pulley  attached  to  the  hoop 
above,  thus  to  remain  freely  suspended  in  the  air. 
The  use  of  this  guide-rope  is  thus  stated:— As 
soon  as  any  alteration  takes  place,  whereby  the 
specific  gravity  of  the  balloon  is  increased,  causing 
it  to  descend,  the  lower  portion  of  this  rope 
becomes  gradually  deposited  on  tlie  ground,  and 
acting  like  a  discharge  of  ballast  keeps  constantly 
abstracting  from  her  weight  until  her  further  descent, 
IS  eventually  checked,  and  she  either  continues  to 
advance  at  the  level  at  whicji  she  is  thus  reduced,  or 
should  her  buoyancy  from  any  cause  be  increased, 
she  slowly  rises  and  takes  up  tiie  additional  weight 
of  rope  which  had  been  deposited  on  the  ground. 
jbiother  advantage  of  the   guide-rope   is,   that  iu 


sailing  by  night  the  rope  m  trailing  on  the  ground 
would  give  information  to  the  aeronauts  when  the 
baUoon  was  near  the  surface,  and  thus  enable  them 
to  adjust  the  baUoon  to  the  requii-ed  elevation  by 
throwing  out  small  portions  of  ballast. 

Evcrytliing  being  got  ready  by  1.30  p.m.  on  the 
7th  November,  183(5,  the  baUoon  rose  slowly,  and 
under  the  influence  of  a  moderate  breeze  was  borne 
.T.v:iv  tn\v:irds  tlin  south-east.  At  2.48  they  crossed 
\|.  I  ■'  '  i  lit  l-.lo  saw  the  sea  under  the  last 
I  _  -nil.    The  cold  caused  the  baUoon 

I  I  rMtiii,,,  I,  ,11  1  ilicy  descended  into  a  cuiTent  which 
bore  tiieiii  iiuriini  ard.  As  one  of  the  objects  of  the 
expedition  was  if  possible  to  get  to  Paris,  they  threw 
out  baUast,  and  thus  gained  a  higher  level.  In  a  few 
minutes  they  came  over  Dover,  and  at  4.4S  quitted 
the  shores  of  England,  and  iu  an  horn-  were  hovering 
over  the  French  coast.  As  night  advanced  the  scene 
was  very  striking.  "  The  whole  plane  of  the  earth's 
surface  for  many  a  league  around,  as  far  and  farther 
than  the  eye  coidd  distinctly  embrace,  seemed  ab- 
solutely teenimg  with  the  scattered  fires  of  a  watchful 
population,  and  exhibited  a  stany  spectacle  below, 
that  almost  rivaUed  in  brUliancy  the  remoter  lustre 
of  the  concave  firmament  above.  Licessantly  during 
the  earlier  portion  of  the  night,  ere  the  inliabitants 
had  retired  to  rest,  large  sources  of  light,  signifying 
the  presence  of  some  more  extensive  community, 
woidd  a]ipcar  just  looming  above  the  distant  horizon 
in  the  direction  in  which  we  were  advancing,  bearing 
at  first  no  faint  resemblance  to  the  effect  produced 
by  some  vast  conflagration,  when  seen  from  such  a 
distance  as  to  preclude  the  minute  investigation  of 
its  details.  By  degrees,  as  we  di-ew  nigh,  this  eon- 
fiKpd  mas*  of  iUumination  would  appear  to  increase 
ji;  i:'  i^ity,  extending  itself  over  a  larger  portion  of 
'  ii,  .and  assiuniiig  a  more  distinct  form,  and  a 

II iii|n>sing  appearance,  until  at  length,  having 

attained  a  position  from  whence  we  eoidd  more  im- 
mediately direct  our  view,  it  would  graduaUy  resolve 
Itself  into  its  parts,  and  shooting  out  into  streets,  or 
spreading  into  squares,  present  iis  with  the  most 
perfect  model  of  a  town,  diminished  only  in  size, 
according  to  the  elevation  from  which  we  happened 
at  the  time  to  observe  it."  In  the  course  of  the 
night,  one  of  these  scenes  was  particularly  striking. 
"  Situated  in  the  centre  of  a  district  which  actually 
appeared  to  blaze  with  the  innumerable  fires  where- 
with it  was  studded  in  every  direction,  to  the  fuU 
extent  of  aU  our  visible  horizon,  i*  'pp"-pr!  to  o^pr  in 
itself,  and  at  one  glance,  an  p;  '  '     "   ■'"->■ 

eliarms  winch  we  had  previous!-   ■  ;:; 

dptail.     The   perfect   correctness   \vi:n    v,  inri,    ivcrv 


out  by  lis  particular  hue 
lions  of  the  more  import- 
lie  theatres,  and  squares, 

ilJings,  indicated  by  the 


lation  of  lights,  addi 
busy  population  still  .i 
of  pleasure  or  business 
a  picture,  which  for  s 
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could  never  have  beea  conceived.  This  -s 
of  ]ii^ge,  remarkable  for  the  extensive 
which,  aboimding  in  its  neighbom-hood, 
the  peculiar  appearance."  (Tig.  12,  page  i/  i  Alter 
leaving  this  fiery  district  the  darkness  gradually 
ijiereated  in  intensity ;  it  seemed  to  the  aeronauts  as 
if  they  were  cleaving  their  way  through  an  inter- 
minable mass  of  black  marble  in  which  they  were 
imbedded,  and  which,  solid  a  few  inches  before  them, 
seemed  to  soften  as  they  approached  in  order  to  admit 
them  still  farther  within  its  cold  and  dusky  enclosure. 
In  this  way  they  proceeded  blindly,  as  it  may  well  bo 
caUed,  until  about  3.30  a.m.  when  in  the  midst  of  im- 
penetrable darkness  and  profound  stillness,  an  imu.surl 
explosion  issued  from  the  machine  above,  foUowcd  1., 
a  violent  rustling  of  the  silk,  and  all  the  signs  whir'! 
might  be  supposed  to  accompany  the  bursting  of  tin 
balloon.  The  car  was  violently  shaken;  a  second 
and  a  tlmd  explosion  followed  in  quick  succession ; 
the  danger  seemed  immediate,  vpheu  suddenly  the 
balloon  recovered  her  usual  form  and  stillness. 
These  alarming  symptoms  seem  to  have  been  pro- 
duced by  the  collapsing  of  the  balloon  under  the 
diminished  teraperatui-e  of  the  upp.-r  regions  after 
set,  and  the  silk  forming  iiil"   l-M.    m'^r   llir 


this,   the    gi-audest    experiment 

modern  times,  the  aeronauts  were  so  completely  at 

tlie  mercy  of  the  winds  as  not  to  know  either  l.he 

direction  they  had  taken  or  the  locaKty  in  wliich  they 

had  descended.     Did  they  neglect  to  carry  a  compass 

withtliem?' 

In  this  voyage  all  the  resources  of  the  aerostatic 
art  were  put  into  practice,  and  it  will  be  seen  how 
very  small  an  advance  has   been  made  in  it   from 


the  time  when  the  first 
launched  into  the  ah-  in 
provemeut  was  in  the  use 

liydrogcn,  as  previously  oli 


3  balloon  v 


nettin 


Now,  whci 


the 


voyagers  that  the  baUoon  \v:i .   i     >  ,       ,     ,, 

ballast  was  thrown  out,  and  the  liiH i^  n-  i    j.:  !'■■ 

into    a    tliinner   au-   experienced    a    iliihi   in.      .' 
pressure,  so  that  its  gaseous  contents  -wniii  :  (    |       ', 
and  in  doing  so  open  the  folds  of  the  ci>ll  i,      I 
and  produce  tliis  snapping  noise  which  had  ucco-ullJ 
so  much  alarm. 

The  cold  during  the  night  ranged  from  a  few 
degrees  below,  to  the  freezing  point.  As  moniing 
advanced  the  nishing  of  waters  was  heard,  and  so  little 
were  the  aeronauts  aware  of  the  course  which  they  had 
been  pursiung  dui-ing  the  night,  that  they  supposed 
themselves  to  have  been  thrown  back  upon  the  shores 
of  the  German  Ocean,  or  abo\it  to  enter  the  Baltic, 
whereas  they  were  actually  over  the  Rliine,  not  far 
fronj  Cobleuz.  At  5.10  a.  m.  they  gained  their 
greatest  elevation,  which  was  about  12,000  feet,  from 
which  objects  were  seen  at  a  distance  of  150  miles 
on  every  side.  The  view  of  this  stupendous  land- 
scape was  enjoyed  for  about  an  hour,  and  at  0.15 
they  had  the  satisfaction  of  seeing  the  sun  rise, 
which  still  more  enhanced  the  beauties  of  the  scene. 
Shortly  afterwards  the  balloon  descended  rapidly  to 
a  lower  level,  and  all  again  was  dark,  and  it  was  not 
until  they  had  seen  the  sim  set  twice,  and  rise  three 
times,  that  daylight  was  fairly  established.  Even 
ihcn,  they  were  not  aware  of  their  locality,  and 
:;.i  r  i"  -  ^1!.,',  .^'  I  II'.  ,-,  '\ .  ,  to  be  hovering  over  the 
'■■■■  ni'..  .  i>M  -  ■  V  '  ill,  or  the  barren  and  in- 
!,.,,,  .1     1,     m:l"     As    soon   as    the 

II,  i    i'         i  i'    v   luisfoncd  to  descend, 

t-M.   ',■■.:■'  !•      ,.      I    i:..  ■■n:,  .  :'    \-|.  :  ■■iiiv!"      Tills  is 
the  possibDity  of  guiding  balloon.'!  when  in 


;,  ■     'i     I.       I.    ,  :       .       1^  from  St.  James's 

!■■      ,    M,    :■  .'ii,      .    Ill    .1,1    I  I   III    CrnrgelV.      The 

('■■;,i,.il  i::!  i.  .I.,i'i  i..:i  iif  r  ■,!■:;■■■.  :ili()ut  this  pcriod, 
thus  allnrdcd  a  ready  means  for  fiUing  these  aerial 
toys,  wliich  was  speedily  taken  advantage  of  wher- 
ever gas-works  were  at  hand.  Coal-gas  is  between 
four-  and  five  times  heavier  than  its  own  bulk  of  hy- 
ilrogen,  so  that  it  would  require  about  four-  or  five 
times  the  quantity  to  produce  the  same  effect;  but 
this  sup]inses  the  hydi-ogen  to  have  been  pure,  wliich  it 
111  \  r  •.  - ,  i\,!  not  only  was  it  loaded  with  moistui-e, 
i  1 1  aine  contaminated  with  air;  so  that 

,i\oiu- of  pm-e  by di'Ogcn,  without  refer- 

i;.  i;.  in  li  rased  cost,  cannot  be  very  great.  The 
:Lr  gravity  of  the  coal-gas  of  London  is  about 
I  I  III  mospheric  air  being  1.0 ;  so  that  after  allowing 
I  I  I  lie  weight  of  the  balloon,  the  ear,  the  voyagers, 
tiie  ballast,  &c.,  there  is  stiU  a  sufficient  amount  of 
ascensional  force  to  convey  the  macliine  and  its 
freight  into  the  upper  regions.  The  ballast  generally 
consists  of  bags  of  sand,  wliich,  on  being  shaken  out, 
relievo  the  baUoon  of  a  portion  of  its  load,  and 
thereby  increase  the  ascensional  force.  But  as  the 
balloon  ascends,  the  atmospheric  pressure  diminishes, 
and  causes  the  gas  to  expand,  and  it  would  in  fact 
burst  the  envelope  unless  means  were  taken  to  allow 
a  portion  to  escape.  This  is  done  by  means  of  a 
safety-valve  placed  at  the  top  of  the  balloon,  and 
regidatcd  by  a  cord  passing  dowTi  into  the  car.  By 
this  means,  also,  the  aeronaut  regulates  his  descent; 
for  as  the  gas  is  allowed  to  escape,  the  weight  of  the 
machine  gradually  destroys  the  ascensional  force,  and 
the  balloon  descends.  He  still  retahis  sufficient 
buoyancy  to  prevent  the  balloon  from  falling  with  a 
jerk,  and  when  near  the  earth,  a  grappliiig-hook 
attached  to  one  extremity  of  a  rope  is  thro-svn  out ; 
when  this  has  taken  hold  of  the  earth,  the  balloon  is 
landed  by  drawing  the  rope  in,  and  then  all  the 
remaining  gas  is  allowed  to  escape. 

Thus  it  will  be  seen  that  the  only  guiding  power 
possessed  by  the  aeronaut  is  that  of  ascent  and 
descent  witliin  certain  limits.  By  throwing  out  ballast 
he  can  ascend;  by  letting  out  gas  he  can  descend. 


ATRD-T 


_  nearly  liorizoiual  position,  as  iu  Kn.  3. 
tiiue  being  carried  along  by  the  M-ind, 


znd  tlic  lioi 


He  IS  absolutely  po^^el•;e^s   in  guiding  the  balloon     thrown 

horizontaUy;    for  tiiere    is   no   analogy   between   a    At  the  tvt      i  i.        .,„^ 

baUoon  ^nd  a  sliip  sailhig  in  (he  water.    In  the  ship    the  parachute  passed  oyer  Marylebone  and^ 

the  action  of  the  water  on  the  rudder  is  a  guide  to  ,  To\ra,  and  almost  -vr,, 

the  impelling  force  of  the  ^\-inds  acting  on  the  sails. 

Ko  such  regulator  as  the  rudder  can  be  appUed  to  a 

-  ,,  as  weU  as  impeded 

;•,  by  Mr.  Green,  and 


balloon,  because  it  is  sustained  i 

by  the  air.     It  is  stated,  howe\  c 

J.Ir.  Monck  Mason,  from  their  own  aeronautic  ex- 
perience, that  "in  this  country,  whatever  may  be  the  [ 

direction  of  the  wmd  below,  within  10,000  feet  above 

tlie  sm-face  of  the  earth,  the  direction  of  the  -ndnd  is 

invariably  from  some  point  between  the  north  and 

west."     If  this  really  be  the  case,  the  aeronaut  has 

only  to  ascend  to  the  height  named,  and  he  wiU  find 

an  upper  current  always  ready  to  convey  him  in  any 

direction  between  south  and  east. 

One  of  the  chief  dangers  in  aerial  excui'sions  arises 

from  a  rapid  and  premature  descent.    To  guard,  in  | 

some  degree,  against  such  an  occurrence,  the  parachale, 

or  guard  for  falling,  was  introduced.   The  parachute  re- 
sembles a  large  umbrella,  sufficiently  strong  to  resist 

the  actiou  of  a  moderate  wind,  and  sufficiently  large  | 

to  offer  a  resistance  equal  to  the  weight  of  the  person 

descending  in  it,  so  that  it  may  reach  the  earth  with 

•■I  velocity  not  exceeding  that  of  the  shock  wliieh  a    /a   length  il  struck  the  ground  iu  a  ucighboiu-iug 
person  can  sustain  without  danger.  field,  but  with  a  shock  so  violent,  that  Gamerin  was 

Blanchard  was  the  first  aeronaut  who  attached  a  tlnown  on  his  face  and  in;'i:ed.  It  appears  that  one 
p.irachute  to  a  balloon.  During  the  excursion  which  of  the  stays  of  the  parachute  had  given  way  and  had 
lie  undertook  from  Lisle,  in  August,  I7S5,  when  he  thrown  the  apparatus  out  of  its  proper  balance,  thus 
traversed  a  distance  of  300  miles  without  halting,  threatening  the  aeronaut  with  destruction  dui'ing  the 
he  let  domi  a  dog  from  a  vast  height  in  the  basket    whole  of  Ids  descent. 

of  a  ))arachute,  and  the  poor  animal,  falling  gently  I  Mi-.  JEonck  Mason  states  an  interesting  incfeorolo- 
throtigli  the  au-,  reached  the  gi-ound  unhurt.  Another  gical  fact  as  haying  been  established  by  aeronautic 
aeronaut,  M.  Garnerin,  even  yentui-ed  on  many  occa-  j  observation.  It  appears  tliat  whenever  a  fall  of  rain 
sions  to  descend  from  the  clouds  in  this  fraU  machine.  '  occurs,  and  the  sky  is  at  the  same  tune  entirely  over- 
During  the  short  peace  of  1S02,  he  visited  London,  j  cast  with  clouds,  there  will  be  found  to  exist  another 
and  made  two  ascents  vnth  his  balloon,  in  the  second  '  stratum  of  clouds  at  a  certain  elevation  above  the 
of  which  he  threw  himself  from  an  amazing  elevation  ,  former.  So  also,  when  the  sky  is  entirely  overcast, 
with  a  parachute.  This  consisted  of  32  gores  of  and  rain  is  altogether  or  generally  absent,  the 
white  canvass  formed  into  a  hemispherical  case  of  aeronaut,  upon  traversing  the  canopy  immediately 
23  feet  diameter,  at  the  top  of  which  was  a  round  |  above  him,  is  sure  to  enter  upon  another  hemisphere, 
piece  of  wood  with  a  hole  iu  its  centre,  admitting  [  cither  perfectly  cloudless  or  nearly  so.  Mr.  M. 
short  pieces  of  tape  to  fasten  it  to  tlie  several  gores  Mason  states  that  this  fact  has  been  verified  dm-iiig 
of  the  canvass.  About  4i  feet  below  the  top,  a  ,  many  hundred  ascents.  For  example,  duruig  an 
wooden  hoop  S  feet  in  diameter,  was  attached  by  a  i  ascent  on  the  12th  October,  1837,  "the  sky  was 
string  from  each  scam,  so  that  when  the  balloon  : 
the  parachute  hung  hke  a  curtain  from  this  hoop,  ; 


.  No.  1  of  Kg.  13.  Below  was  suspended  s 
drical  basket  covered  with  canvass,  about  \  U  < 
and  2j  feet  wide.  In  this  basket  the  : 
dressed  in  a  close  jacket,  placed  himself  ani I 
from  an  inclosure  near  North  Audley  ^^rii 
6  p.  M.  of  the  2d  September.  After  hovering 
mhiutes  in  the  upper  region  of  the  atmosphe: 


!  completely  overspread  with  clouds,  and  torrents  of 

santly  during  the  whole  of  the  day. 

vlin-    LT|,on   quitting  the  earth,   the  balloon  was   almost 

I  -'\     1     ,  iJiitely  enveloped  in  the  clouds,  through  which 

:',  I'  :iiimicd   to  work   its  way  upwards  for  a  fevr 

!     -'         ;~.     Upon  emerging  at  the  other  side  of  this 

:'     il<  .!-,  (Miiopy,  a  vacant  space,  of  some  thousand  feet 

or  S     in    breadth,   intervened,   above   which    lay    another 

stratum  of  a  sunUar  fonn  and  obseiTing  a  similar 


cut  the  cord  by  which  his  parachute  was  attached  character.     As  the  ram,  however,  still  contniued  to 

to  the  net  of  the  balloon.     The  balloon  immediately  '  pour  from  this  second  layer  of  clouds,  to  preserve 

ascended  and  was  lost,  but  the  parachute  uistantly  the    coiTcctness  of  the   observation  a  third   layer 

expanded,  as   in  No.  2,  and  for  some  seconds  de-  should  by  right  have  existed  at  a  stiE  further  eleva- 

scended  with  an  accelerating  velocity,  imtil  it  be-  tion ;  wliieh,  accordingly,  proved  to  be  the  case.     On 

came  tossed  extremely,  as  in  Nos.  4  and  5,  and  took  the  subsequent  occasion  of  the  ascent  of  the  same 

such  wide  oscillations  that  the  basket  was  sometimes  balloon.  fOe'oher  17th,)  an  exactly  sunilar  condition 


unaceomp: 
ance  of  ra 


lied,  llo^^• 

Nos. 


cspcct  to  clouds,  prevailed ;  I  get   dilTerent  properties.     lu   tlic 


)niplctcly  intercepted 


layer  of  clouds 
earth,  thau,  as  was  ;ni     , 
was  to  be  found  in  Ih.    li:  i 
broken  expanse  of  clear  blui 
bracing  the  frothy  plain  that 
all  view  of  the  world  beneath 

The  foUowiug  particulars  are  abridged  f; 
Mason's  work.  When  the  bidloon  is  held  .1  .■■. 
earth,  there  are  many  effects  which  remind  i 
naut  of  the  presence  of  the  ocean  of  air  iiil  u  - 
is  about  to  be  launched:  the  balloon  licaM  ^, 
flaps  and  rustles,  and  the  \nm\  sighsthrouiih  i 
age;  but  the  moment  he  quits  the  earth  n.  i 
is  felt,  not  a  breath  of  wind  is  ),(Trc|i)il.l,. ;  1 1 

suddenly  aN n  .         :    np^  ■     :  ,  <      ■   i 

of  the  advenlmvr  hrr,.  i    i     ,.  i 

of  an  universal  and  m,     i,  ,    '  ,    !   ,       I 


\Ur.  water  dissolves  less 
if  tills  earth,  so  that  by 
I  a  filter,  the  water  and 
perfectly  separated.  If, 
i>  dilnto  sulphuric  acid,  a 
■       :  20  parts     ' 


r  sulnl 


5id  a 


1  fiS 


alkaline 


'(  ■  iilpliiile  of  magnesia, 
,11  ■wight  of  water 
■.''<:  In  fact,  we 
.  !j  ;i!:c:il  properties  are 
of  ils  component  parts, 
ud  caustic,  the  earth  is 
combine  the  two  and  v/e 


thinj 


le  IVcbt  Imlic; 


pui-sue  her 

independeiil  ■  I   li  <    ,   ■       i    ,    ,  , 

the  idea  of  .i  ,,    , 

the  actual  j  > :  >    ■  i  1  - . ,   i 

the  most  rapid  and  incessant  variation.  The  greatest 
storm  that  ever  racked  the  face  of  nature  is,  in 
respect  to  its  influence  upon  this  condition  of  the 
balloon,  as  utterly  powerless  :is  (lir  mn  I  iiMiufllril 
cabu.     To  such  an  extent  is  (In    :'      -  i 

indeed  is  atmospheric  resistamr 
aeronaut,  that  were  we  to  su] 
illustration)  suddenly  transporte 
the  birthplace  and  habitation  of  the  tornado  and  the 
liunicane,  traversing  the  skies  at  a  time  when  one  of 
the  wildest  and  fiercest  was  executing  its  utmost 
powers  of  devastation,  looking  down  from  his  air- 
borne car,  and  beholding  houses  levelled,  trees  up- 
rooted, rocks  translated  from  their  stony  bed  and 
liiii!i,l  ii;lo  llii  :,vA,  earth  and  ocean  in  mutual 
:i-j:<  I  :    i'liing  upon  each  other's  limits,  aitd 

iill  ilM  ,is  of  desolation  by  which  its  path 

i>  I  ,i:l,.   ',  '■    i  •:   III  nevertheless  lio'ld  in  his  hand  a 

n.M..I    I:,,..'    •.  - I    rMM,.nMni„;    1 1,^.   flamc,   or 

ri-  ■       .   .    '!■      I'.    I      .,:  ,  ■  ,,i  .  I    ■,    ,„ir  side  or  the 

s:.:LaM:':li  ^..,.-  i..  ;:.  .i.L'.,,.:.  i.  ..>■  Appendix.] 
AFriNITY.  Cheinical  affinity  or  attraction,  is 
that  particidar  power  or  force  by  which  dissimilar 
bodies  become  combined  in  intimate  relationship,' 
(Latin  afiins,  a  kinsman,)  forming  a  new  substance, 
whose  properties  are,  for  the  most  part,  entirely 
different  from  those  of  its  component  parts.  If  two 
bodies  be  simply  mixed  together,  the  properties  of 
the  mixture  form  a  mean  between  those  of  its  com- 
ponents ;  but  if  two  bodies  combine  chemically,  we 


I     I   I  ■     '    I':  r  example;  the  atmospheric  air  is 

I  I  iihally    of    two    gases,    oxygen   and 

.  h     lire    ineelianically    mixed    in    the 

;  ■  -:i:..  r    <.;   III!  i-'ji  i;  lo  1  of  oxygen. 
I'  i       .   .         .  i    .: rally    and    in 

1  f  ji.i;;  ,'  i.3    v.r-   ij     .  i   :     I   inlnucd  with  8 

parts,  by  weight,  nf  .  ,  :  i  .hirs  a  gas  called 
nitrous  oxide,  ^\iu-\i  li      ,i   i     ,  i  ..able  smell;   is 

absorbed  by  cold  \iai>  ,  ;  .  i:,  .  ..'  ui  uf  about  three- 
fniirtir,  r,f  its  volume;  in,.v,-a  Hiih  hydi-ogen  and 
;        'I,  it  explodes;  combustible  bodies  bum  in  it 

•  , rcascd  brilliancy,  and  when  taken  into  the 

ln!i_s  it  produces  a  sort  of  intoxication,  generally 
accompanied  by  convulsions  of  laughter.  14  parts  of 
nitrogen  with  10  of  oxygen  produce  a  gas,  the  nitric 
oxide,  which  has  totally  diflTcrent  chemical  properties. 
Cold  water  scarcely  absorbs  it;  mixed  with  hydrogen 
it  bums  with  a  green  flame ;  a  lighted  taper  will  not 
burn  in  it;  any  attempt  to  breathe  it  produces 
suffocation,  and  when  let  out  into  the  air  it  forms  a 
vapour  of  a  reddish  brow^l  colour.  14  parts  of 
nitrogen  combined  with  40  of  oxygen  form  nitric 
acid,  a  corrosive  poison,  and  one  of  the  most  power- 
ful of  the  mineral  acids. 
Butil  i-,  i.ii  :.;•■-:,    r:.-:-  i a,UlM'i;„,;iI,r!«,.en 

mcchaiiir:i'     ,     '  ,   !■  I'.'-  .:  I  ■■:!■'    il  i  "r       "\\  lien 

a  body  (li    •  ■  :   I     V     '     '  '  ^^"'  f'f 

afiinity  l>rl->-  a  ^'i-  --I'  '■!:"■  'i'  •''."'!  ■''^^'1  the, 
solvent,  as  when  salt  is  diss<Ivcd  in  water;  but  this 
can  scarcely  be  called  a  case  of  nirmify,  for  by  evapo- 
rating the  solution  the  salt  can  be  recovered  un- 
changed, which  camiot  be  done  when  bodies  combine 
clicmicaUy. 

Cheinical  affinity,  as  already  staled,  applies  oidy  to 
the  union  of  dissimilar  bodies.  There  are  some 
bodies,  such  as  oil  and  water,  water  and  mercury, 
which  refuse  to  unite,  and  in  such  case  it  is  said  that 
there  is  no  aflinity  between  such  bodies.  This  is  not 
telling  us  much,  for  as  the  real  nature  of  affinity  is 
not  known,  we  only  disguise  our  ignorance  by  stating 


'ii 


r  will  n( 


e  bodie 


tliat  oil  and  w 

have  no  afiinity  for  each  other. 

Chemists  distinguish  various  kinds  of  affinity. 
Single  affiniiy  is  that  in  which  trwo  bodies  unite  to 
form  a  binary  comDound.  These  may  be  two  simple 
substances,  as  when  oxygen  and  ii'on  unite  to  form 
oxide  of  iron,  or  sulphur  and  copper  to  form  sul- 
phuret  of  copper ;  or  two  compomids  may  unite,  as 
sulphuric  acid  and  oxide  of  iron,  to  form  sulphate  of 
iron.  But  a  simple  substance  does  not  often  unite 
with  a  compound  one  ;  thus  sulphm-ic  acid  docs  not 
unite  with  iron,  nor  does  sulphur  unite  with  oxide  of 
copper.  If  we  oxidise  the  iron,  the  acid  unites 
with  it  readily ;  and  if  we  deoxidise  the  copper,  the 
sulphur  will  unite  with  it.  There  are,  however, 
exceptions  to  this  ride. 

Affmity  is  also  spoken  of  as  being  eledive.  Thus 
if  dilute  nitric  acid  be  poured  upon  a  mixture  of  lime 
and  magnesia,  the  acid  will  \mite  with  the  lime  in 
preference  to  the  magnesia.  Hence  it  is  said,  that 
nitric  acid  has  a  greater  affinity  for  lime  than  for 
magnesia,  and  the  fact  may  be  shown  in  another  way. 
If  lime  water  be  added  to  a  solution  of  nitrate  of 
magnesia,  nitrate  of  lime  is  formed  and  magnesia  is 
thrown  down  as  an  insoluble  precipitate.  This  is  a 
case  of  single  eledive  affinity.  There  is  another  mode 
by  which  compounds  are  formed,  namely,  by  douUe 
decomposition  or  double  eledive  affinily.  This  is  very 
useful  in  obtaining  compounds  which  could  not  other- 
wise be  procured,  in  many  eases,  without  great 
difficulty.  Por  example,  nitrate  of  baryta  and  sulphate 
of  soda  are  salts  soluble  in  water.  If  the  solutions 
of  these  salts  be  mingled  together,  two  new  com- 
pounds are  formed,  one  of  which  is  soluUe  and  the 
other  not.  The  change  that  takes  place  will  be 
understood  from  the  following  diagram,  in  which  the 


substances  before  being  mixed  are  shown  in  the 
parallel  lines,  and  after  niiitui-e  in  the  diagonal 
Hues.  The  nitric  acid  qiuts  the  baryta  to  unite 
with  the  soda,  forming  nitrate  of  soda,  which  re- 
mains in  solution ;  and  the  sulphm-ic  acid  quits  the 
soda  to  unite  with  the  baryta,  forming  sulphate  of 
baryta,  wldch  is  an  insoluble  precipitate.  Some  of 
the  processes  of  the  dyer  depend  upon  such  a  case  as 
this,  which  may  be  still  more  completely  illustrated 
by  the  following  diagram,  where  the  solutions  before 
being  mixed  are  placed  on  the  outside  of  the  perpen- 
dicular lines,  their  conjponent  parts  are  sho\^Ti  within 
them,  and  the  new  compounds  are  stated  on  the  out- 
side of  the  horizontal  lines. 

It   was   formerly   supposed  that   the  relations  ol 
affinity  were  fixed  and  constant  between  the  same 


substances,  and  the  older  chemists  took  great  pains 
to  prepare  tables  of  what  was  called  the  j>''«cederK" 


of  affinities.  The  following  is  an  example  of  one  of 
these  tables,  which  illustrates  the  relative  affinities  of 
a  nmnber  of  bases  for  sulphuric  acid,  each  decom- 
posmg  the  combination  of  the  acid  with  the  base 
below  it.  Thus  magnesia  decomposes  sidphate  of 
displaces  the  acid  from  sulphate  of 
The  salts  are  supposed  to  be  dissolved 


Sulphuric  Acid. 


Strontia 
Potash. 
Soda. 

Magnesia. 
Ammonia. 

Professor  Pownes  remarks,  that "  the  order  pointed 
out  m  these  Usts,  is  now  acknowledged  to  represent 
the  order  of  precedence  for  the  drcumstances  under 
which  the  experiments  were  made,  but  notluug  more. 
So  soon  as  these  circumstances  become  changed,  the 
order  is  disturbed.  The  idtimate  effect,  indeed,  is 
not  the  result  of  the  exercise  of  one  single  force,  but 
rather  the  joint  effect  of  a  number,  so  complicated 
<ind  so  variable  in  intensity,  that  it  is  seldom  possible 
to  predict  the  consequences  of  any  yet  untried  ex- 
periment.'" 

There  is  an  extensive  class  of  chemical  actions 
which  have  been  grouped  together  under  the  general 
title  of  disposing  affinity.  A  familiar  example  of  this 
occurs  in  the  preparation  of  hydrogen  gas  from  zinc 
or  iron  and  dilute  sulphm-ic  acid.  A  piece  of  polished 
zinc  or  iron  remams  perfectly  bright  under  water  for 
any  length  of  time,  and  does  not  show  any  tendency 
to  decompose  it.  But  if  a  small  quantity  of  sulphuric 
acid  be  added,  the  water  begins  to  be  decomposed, 
hydrogen  is  freely  evolved,  a  film  of  oxide  foi-ms  ou 
the  metal,  and  this  is  dissolved  by  the  acid  as  fast  as 
it  is  formed.  This  appears  to  be  the  use  of  the  acid 
in  this  experiment,  but  it  is  difficult  to  explain  why 
the  oxide  should  be  produced  when  the  acid  is  present 
and  not  otherwise. 

Chemical  affinity  is  promoted  bymany  circimistances, 
especially  by  duninishing  tlie  cohesive  attraction  of 
the  bodies  to  be  acted  on.  Thus  a  lump  of  marble  in 
dilute  hydrochloric  acid  slowly  wastes  away,  but  by 
reducing  the  marble  to  powder,  t'ne  action  is  very 


lapij  aiid  eueigctic  A  lump  of  antiinouy  tluown 
into  chloime  giis  is  scaicclj  acted  ou,  but  the  metal 
lu  the  state  of  pow  der  immediately  combmcs)  \\  it  h  the 
gas,  with  the  evolution  ot  heat  and  hght,  and  a 
cUonde  of  antimony  is  at  once  foimed  Jlasjses  of 
uon,  coppei,  and  lead,  lesist  the  action  of  the 
atmospheie,  they  become  shghtly  taiiiibhed  with 
oxides -which  piotect  them  fiom  lurthei  action,   but 


1  state  of  minute  dnibion  tlir\   aie  acted  upon 
with  gi eat  energy,  i    1  iIil  phenomom, 

of  combustion  by  sill  I  i  i     air     It  is 

also  ottcn  necess  ot  chemical 

alfimty,  that  one  (  t  1 1  I        1  be  m  a  flmd 

state  Solutions  moslly  dtpi  iid  mi  f  lii>  condition ,  and 
heie  agam  a  state  of  mmute  division  it,  uiipoitant, 
merely  by  moieasing  the  suiface  ot  contact  between 
the  solvent  and  the  body  to  be  dissolved,  thus  offering 
an  immense  nmnber  of  points  wheie  the  action  may 
simultaneously  be  e\eitcd 

Many  bodies  will  only  combme  in  what  is  called  the 
nascent  state,  or  at  the  moment  of  sepai  ation  fi  om  com 
bmation  Thus  ciibon  and  mtrogeu  will  not  combme 
with  gaseous  h>diogcu,  but  when  these  bodies  ore 
srmultaneouslylibciated  fiom  some  pieviou-.  cniiibm 
tiou  they  mute  leadily,  as  when  oigauit  i  i 
destioyed  by  heat  oi  by  putiefaeUve  fiii 

AfTiiuty  IS  m  most  cases  gieatly  prom 
Melted  sulphur  will  not  combine  with  c  11  bull  bi  i  , 
raising  the  snip!  ui  to  the  state  of  \apoui,  aud  bimg- 
ing  it  ill  contact  w  ith  red  hot  charcoal,  these  bodies 
combme  and  foini  sul|ilimLt  of  oiiljon  i  liiiipij, 
colouiless  hquid      (1  11 

liot  befoie  it  will  1 
it  will  combme  wiil 

mflimmil  1  li  thoui,  but 

bmation  i  ill  vratei  dis- 

solves nniiv  s  uts  (luK   111   I  iimiinl  ivtent,  but  the 
application    ot    heat    greatly  mcieases  the   solvent 
power  of  the  water     Theie  aie,  howevei,  some  salts  ^ 
which  dissolve  moie  fieely  m  cold  than  lu  hut  w  i(li, 
but  these  foim  exceptions  to  the  genei  d      1        II 
also  favoius  decomposition  as  well  as 
example,  if  mcicuiy  be  heated  m  cout 
atmospheie,  it  is  comcitrd  into  a  pei 
binmg  with  the   oxygen   of  the  an      i 
compound  be  asun  heated  to  a  lughri 
than  was  reqimed  foi  its  formation,  it  is  1 
oxygen  is  given  off,  and  the  mercuiy  letuius  to  tin 
mctilbc  state     So  also,  if  iion  fibngs  be  licated  to 
lediicss  m  a  porcelain  tube,  and  vapour  of  watei  be 
pissed  over  them,  thewatei  is  decomposed,  its  oxvcjon 
combimng  witli  the  uon  to  foim  an  oxide,  and  it» 
liydiogen  eseipms  from  the  extiemity  of  the  tube   If, 
on  the  contiarv,  oxide  of  iron  be  heated  m  a  tube 
and  a  stream  of  diy  hydioffen  bp  i    si  d  o\(  i    it    tl  i 
metil  IS  immediatcK  leducnl  '  ' 

with  the  oxygen  of   the  o^  1 1 
which  escapes  as  a  jet  of  sd        i 
ifthetube      "  In  these  expel  iiiipiiis      snslowncs, 
"  the  afTinines  between  the  iron  and  oxygen  and  the 
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livdicyi  n  uid  ovygen  aie  so  neaily  balanced,  that  the 
tbfTcience  ut  utmofphere  is  suilicieiit  to  settle  the 
pomt  An  atmospheie  ot  steam  oilers  httle  re- 
sistance to  the  escape  ot  hydiogen,  one  of  hydioiren 
bears  the  same  lelation  to  steam  ,  aud  this  appaiently 
tiifluig  differeuoe  ot  cuciimstaucesis  quite  enough  foi 
the  puipose  " 

Electiieity  has  considciable  uifluence  ovei  chemical 
afhmty.  A  niLxtuie  of  oxygen  and  hydiogen  mstantly 
coinbmes  by  piosmg  an  electuc  spaik  thiough  it,  but 
this  IS  probably  a  meie  effect  of  heat  By  passing  a 
seues  of  electuc  "ipaiks  through  a  nnxtuie  ot  ox^geu 
and  mtrogeu,  mtue  acid  is  foimed  A  poition  of 
this  acid  also  appeals  to  bo  foimed  m  the  atmospheie 
duung  a  thundei  stoim,  and  the  action  ot  elcetucifj 
m  these  cases  is  piobably  moie  specific  than  that  of 
he  it  But  ot  all  the  vaiuuis  statco  of  electueily,  gal 
vaiusm  IS  tlic  most  nitcustmt,  m  a  chemical  point  of 
view  By  me  ins  of  the  \oltaic  pde  oi  battery,  a 
laige  numbei  of  chemical  compounds  have  been 
decomposed  When,  foi  example,  two  platmawues 
aio  connected  with  the  poles  oi  eleetiodes  of  avoltaie 
batteiy,  aud  then  imcoiinccted  ends  aie  immersed  in 
witei,  oxygen  gis  is  evolved  at  the  positive  pole,  oi, 
I  1  now  called,  the  unode^  audhjdiogen  gas  is 
1  at  the  negdtiv  e  )jolo  oi  cathode  -  So,  also, 
s  ihne  solutions  aie  subimtted  to  the  action  ot 
the  Ij  iltcry,  acids  aie  developed  at  the  anode,  aud 
alk  ibne  bases  at  the  cathotle 

IS  a  law  oi   clectiicity,  that  bodies  dis 
:lutiifi.d    ddict    ch  ctliei.    Old  as   m 


bun  supprsul     I  I  oi    that  foice 

with  which  bodi  luence  of  their 

bemg  m  opposite  ih  it  an  acid  bung 

negative,  and  an  Jk  di  Imii^  i   sunt,  mute  to  foiin 

a  salt,  and  thit  when  the  imiou  is  once  effected,  the 

electueity  of  the  compouud  exists  in  a  neuti  il  state, 

ei   111    I  stit.    of  cquilibiium      Wlien,  howevci,  the 

i  1   lie  battery  is  biought  to 

1  its  constituents  sepaiate 

1  ilcetuc  state  which  they 

III  nee  it  has  been  supposed, 

Iku  siibstiuctb  01   then   atoms  aie  similaily 

1      I  died,  they  lefuse  to  combme,  but  that  they  mav 

Il  to  do  so  by  commumcatmg  to  them  opposite 

I  Lined   states      This   theoiy  has   been   useful   to 

eheimstiy,  but  it  is  by  no  means  ceitam  tliat  ehemic  il 

lihmty  is  identical  with  electiioal   attiaction     Ac 

coidmg  to  Dr  Paraday,  chemical  afiimty  is  mciely  i 

lesult  of   the  electueal  state  of    the   panicles   of 

mattei      He  his  foimd  tint  wlien  bocbes  aie  com- 

hniedoi  decomposed  bv  an  electric  cunent  the  com 

position  and  the  decomposition  aie  alwavs  effected 

diiig  to  the  hws  of  defiiute  piopoitions,   and 
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that  the  quantity  of  electricily  reqiiisite  for  the  de- 
compositiou  of  a  substance,  is  exactly  the  quantity 
necessary  for  its  composition.  Thus  the  quAntity  of 
electricity  -n-hich  can  decompose  a  grain  of  water  is 
exactly  equal  to  the  quantity  of  electricity  which 
unites  the  elements  of  that  grain  of  water  together. 
[Atothc  Theory.] 

Light  has  also  considerable  influence  in  controlling 
chemical  affinity.  Hydrogen  and  chlorine  gases  mixed 
and  exposed  to  the  sun's  rays  combine  with  explosion, 
and  form  hydrochloric  acid.  Chlorine  and  carbonic 
oxide  gases  exert  no  action  on  each  other  until  they 
are  exposed  to  the  light,  when  they  combine  and 
foi-m  phosgene  gas.  The  beautiful  chemical  arts  of 
Photogkai'iiy  and  D-iGUEREEOrrPE  depend  upon  the 
action  of  light  upon  chemical  substances. 

AGATE,  from  dxarris,  a  stone,  said  by  Theophrastus 
to  come  from  the  river  Achates,  in  Sicily,  now  called 
the  Drillo,  in  the  Yal  di  Koto.  It  is  one  of  the  mi- 
merous  forms  in  which  silica  is  aiTanged,  and  contains 
9S  per  cent,  of  that  minei-al.  It  is  not  transparent, 
like  rock-crystal,  but  almost  opaque,  with  a  resin- 
ous or  waxy  fracture,  and  with  various  shades  of 
colour  produced  by  the  presence  of  minute  portions 
of  iron.  TVlien  agates  are  cut  open  they  display 
a  singular  variety  of  forms,  in  some  cases  re- 
sembling animals  and  plants,  in  others  zigzag  lines 
like  the  plan  of  a  modem  fortification,  and  hence  this 
variety  is  called  Tortification  Agate.  These  lines  are 
the  edges  of  successive  layers  or  deposits  of  the 
mineral  dui'ing  the  process  of  its  formation.  As  the 
internal  surfaces  aie  capable  of  receiving  a  liigh 
degree  of  poksh,  agates  are  much  valued  as  ornamental 
stones.  They  are  extensively  used  at  Paris  and  else- 
where, in  the  manufacture  of  cups,  rmgs,  se;Js, 
handles  for  kiu\es  and  forks,  sword-hilts,  beads, 
smelling  bottles,  snuff-boxes,  and  other  articles.  Bur- 
nishers are  also  foi-med  of  agate,  for  the  use  of 
the  bookbinder  and  other  mechanics.  Agates  are 
usually  met  with  in  that  variety  of  trap-rocks  called 


^.^8^>v 


ami/gd(ilut<l .  the)  loiiii  m  ii  dtt  iclit  1  loimded 
nodules,  not  cemented  to  the  lock,  but  eabil\  separable 
from  it,  havmg  generally  a  thm  h'^er  of  gieen  earth 
mterposed,  and  a  rouirh,  uieguiai  exterior.  Agates 
are  also  met  with  as  loobe  pebbles  in  the  beds  of 
rivers  or  in  giavcl,  and  they  vary  in  size,  from  that 


of  a  millet  seed  to  a  foot  in  diameter;  but  the  most 
common  size  is  1,  2,  or  3  inches  in  diameter.  The 
colours  of  agate  may  be  dai-kened  by  boiling  the 
stone  in  oil,  and  then  dropping  it  into  sulphuric  acid. 
A  little  oil  is  absorbed  by  some  of  the  layers,  and 
this  becomes  blackened  or  charred  by  the  acid.  Fig. 
14  is  a  copy  of  a  good  specimen  of  an  agate  with 
chalcedony. 

There  are  various  other  siliceous  stones  closely 
allied  to  agate,  and  not  to  be  distinguished  from  it  in 
chemical  composition,  except  as  respects  the  colouiing 
matter  of  one  or  two  of  them.  These  are,  1.  Car- 
nelian,  so  called  from  the  Latin  ctirnis,  flesh,  some  cl 
the  most  common  varieties  being  of  a  flesh  colour. 
There  are,  however,  various  shades  of  red  and  yellow, 
but  the  deep,  clear  red  is  the  rarest,  and  most  valuable. 
The  colours  may  be  deepened  by  exposmg  the  stones 
for  several  weeks  to  the  sun's  rays.  The  chief 
supply  of  cameUans  is  from  Japan ;  they  are  also  in\- 
ported  from  Bombay,  after  being  collected  in  the 
province  of  Guzzerat ;  but  the  best  varieties  are  said 
to  come  from  the  gulf  of  Cambay.  Many  antique 
gems  are  in  camelian,  and  the  stone  is  now  much 
used  for  seals  and  beads.  The  Japanese  cut  beads  of 
it  into  the  form  of  the  fruit  of  the  olive.  2.  Calce- 
dom/,  so  called  from  being  found  at  Chalcedon,  in 
Bithyuia,  opposite  to  Constantinople.  This  is  a  gem 
of  a  uniform  milky  white,  or  pale  yellow  colour :  it 
often  has  a  wavy  structure,  and  a  peculiar  blistered 
surface.  It  is  found  abundantly  in  the  Faroe  Islands, 
in  Iceland,  Cornwall,  and  many  other  places.  It 
sometimes  oecui's  in  large  masses,  of  which  cups  and 
vessels  are  formed.  3.  Onyx.  In  this  variety  of 
agate,  the  siliceous  particles  are  arranged  in  alternate 
flat  layers,  of  an  opaque  white  and  translucent  grey 
or  brown  colour,  resembling  the  marks  on  the  human 
nail,  whence  its  name  from  the  Greek  word  6vv^,  a 
naU.  Some  of  the  most  beautiful  of  the  ancient 
cameos  were  executed  in  this  material,  the  figui-e 
being  cut  out  of  the  opaque  white,  while  the  dark 
parts  fonned  the  ground ;  or  the  white  parts  formed 
the  ground,  and  the  dark  parts  the  figure.  4.  Sard- 
0/iy.r,  a  variety  of  oiu'x  from  Sardfs,  in  Lydia,  or, 
as  some  say,  from  Sardo,  the  Greek  name  for  Sai-dinia. 
In  this  stone,  the  opaque  white  alternates  with  a  rich, 
deep  orange  brown,  which,  when  considerably  trtns- 
lucent,  greatly  adds  to  its  value.  5.  Mocha  stoiici 
nud  moas  agates  are  transparent  varieties  of  calcedony, 
the  section  of  which  exhibits  various  forms  produced 
by  iron,  manganese,  bitumen,  and  clilorite  or  green 
earth,  but  sometimes,  also,  by  the  presence  of  real 
vegetable  bodies,  such  as  confcrvre  and  mosses. 
Mocha  stones  are  so  called  from  having  been  brought 
from  Mocha  in  Arabia.  6.  Blood-stone,  a  green  agate 
coloured  by  chlorite  with  numerous  bright  red  spots 
like  drops  of  blood.  It  is  also  called  Heliotrope,  and 
Oriental  Jasper.  7.  Chrj/soprasc,  from  xpitrtoi:,  beau" 
tifui,  and  Trpacrov,  a  leek;  a  variety  of  calcedony 
found  in  Silesia ;  its  colour,  which  is  of  an  apple-green. 
is  due  to  oxide  of  nickel.  8.  Plasma,  a  green  semi- 
transparent  calcedony,  of  a  dark  tint  sprinkled  by 
yellow  and  whitish  dots.     It  is  coloured  by  chlorite. 
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AI?  Cf  0  tl  e  C  lad  Lat  n  ff^-r  )  a  te  i  ow 
1  I  I  to  tl  e  t  0  1 1  e  e  altl  ougl  fo  e  ly  appbed 
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I  1       0  ac  d  /  erf 

The  at   os^he  e  or 
1 1  c  al  term  ai  pUed  to 

lb      1  1  i    I  b  ea  tl     Be  ng  nucb 

bgl  ter  tba  e  tl  e  land  o  water  it  floats  or  lests 
upon  then  a  d  r  ses  to  tl  e  1  e  gbt  of  \  robably  40  or 
50  niles  above  tl  e  sea  level  It  cons  sts  essent  ally 
of  two  gases,  oxygen  and  nitkogen,  in  a  state  of 
mechanical  mixture.  One  hundred  parts  by  weight, 
contabi  77  parts  nitrogen  and  23  parts  oxygen ;  or 
by  measm-e,  79.19  iiitrogen,  and  20.81  oxygen.  So 
that  if  we  mix  1  volume  of  oxygen  with  4  volumes  of 
nitrogen,  we  get  a  nieebaiiieal  compound  almost 
identical  with  pure  atmospheric  air.  Oxygen  is 
remarkable  for  its  active  properties:  it  promotes 
combustion,  respiratiou,  and  other  chemical  changes, 
with  great  energy.  Nitrogen,  on  the  contrary,  is 
inert  ;  it  supports  neilher  resiiiralinn  nor  combustion. 


nbusti. 
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a  couipouiid  gas, 
(:,i:    ll  ,  II,  which  is  always  present  in  the 

:ii |.i,ii.     II,      II. at    but    varying    quantities.     In 

10,(Hiu  vobmifs  of  almospherio  air,  the  mean  pro- 
portion of  carbonic  acid  is  only  5  volmncs,  and  this 
varies  from  6.2  as  a  maximum,  to  3.7  as  a 
Near  the  surl-aeo  of  the  earth,  the  proportion  of 
l>oMie  .leJd  is  greater  in  summer  than  in  winter. 


d       g  n    1 1  tha    1  ji    ,,  1  J      It  s  also     tier 
dbu   la        1  elevated  s  tu  t  o  s    as  on  tl     s  in      ts 
of  hi  h  n  ountaa  s  tha    i    thej  ans    ad   althou„l 
1!  s  g  s    s  cons  Icral  ly  heav  ei  than    ts  own  b  dk 
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As  tl  e  sea  coita  s  a  1  ttle  of  e  e  jt  ^  11  at  s 
Si  1  1  le  wate  so  tl  e  at  o  1 1  e  e  cont  s  a  1  ttle 
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stagnant  pools  suli  1  |  ^  V  11  ere  s  n  I 
local  CO  tan  mat  on  of  tl  e  a  r  f  cm  tl  e  i  esencc  of 
d  ffe  e  t  gases  ^  a  o  s  f o  s  of  ii  f  ct  o  alar  a 
and  a  sh  as  a  probal  ly  a  be  f  o  the  presence 
of  1  oxious  gases  n  the  a  r  Bo  zel  s  states  tl  at 
in  tl  e  fl  st  experu  cuts  wh  eh  he  n  ade     po      ele 

u  netted  lydrogen  1  e  let  p  to  1  s  nostrds  a 
bubble  about  the  size  of  a  pea.  "  It  deprived  me  so 
completely  of  the  sense  of  smell,  that  I  could  apply 
a  bottle  of  concentrated  ammonia  to  my  nose  without 
perceiving  any  odour.  After  5  or  6  hours  I  began  to 
recover  the  sense  of  smeU,  but  a  severe  catarrh  re- 
mained for  about  15  days."  On  another  occasion  a 
little  of  the  gas  accidentally  escaped ;  it  produced  a 
sharp  sensation  in  the  nose,  red  eyes,  and  a  dry  and 
painful  cough,  which  at  length  was  succeeded  by 
expectoration,  tasting  like  the  vapour  from  a  boilmg 
solution  of  corrosive  sublimate.  "These  symptoms 
\\r\'r  r,-in.i\iil  liv  a  blister  to  my  chest.    The  quantity 

I     <■':  I  i    hydrogen  gas,   which  on   each   of 

'; I    I  iifrrod  into  my  organs  of  respiration, 

WIS  iiiiK  ll  Miiiilln-  (ban  woidd  have  been  required  of 
any  other  inorganic  substance  whatever  to  produce 
similar  effects."  Dr.  Prout  quotes  these  facts  to 
show  how  small  a  quantity  of  accidental  ingredients 
diffused  in  the  atmosphere  may  produce  powerful 
effects  in  the  human  system,  and  may  even  be  the 
origin  of  influenza,  and  other  epidemic  disorders. 

With  respect,  however,  to  the  two  essential  in- 
gredients of  the  atmosphere,  they  always  exist  in  the 
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same  proportions,  however  the  air  may  be  vitiated 
by  carbonic  acid,  animal  effluvia,  and  other  accidental 
ingredients.  Air  has  been  brought  from  the  sununits 
of  Mont  Blanc  and  Chimborazo,  and  from  the  plains 
of  Egypt;  it  has  been  collected  and  examined  in 
crowded  cities,  and  in  fever  hospitals ;  but  in  all  cases 
the  proportions  of  osygen  and  nitrogen  remain  un- 
altered, the  diffusive  energy  of  the  gases  maintaining 
this  perfect  nniformity  of  mixtm-e. 

This  mechanical  compound  the  atmosphere  forms, 
therefore,  a  fluid  ocean  at  the  bottom  of  which  we 
live,  and  which  envelopes  everything,  and  exerts  such 
a  pressure  upon  everything,  as  is  quite  incredible  to 
persons   who   approach  this   subject   for   the    fii-st 

Although  ail-  is  invisible,  and  is  very  much  lighter 
than  solid  and  liquid  bodies,  yet  like  them  it  is  ma-  j 
terial,  and  possesses  many  of  their  physical  properties,  j 
together  -with  other  properties  peculiar  to  aeriform 
fluids.  Air  possesses  impenetrability ;  that  is,  it  wiU 
not  allow  the  entrance  of  another  body  into  the  space 
where  it  is  present.  If  a  vessel  be  completely  full  of 
water,  a  solid  plunged  into  ifwHl  displace  a  portion  of 
the  water  equal  to  the  bulk  of  the  solid.  So,  also,  if 
we  plunge  a  solid  into  what  is  called  an  empty  glass, 
it  will  displace  a  portion  of  the  air  contained  in  such  | 
glass  equal  to  its  own  bulk.  The  impenetrability  of  , 
air  is  well  illustrated  by  plunging  an  inverted  goblet 
into  a  vessel  of  water,  keeping  the  edge  horizontal, 
and  it  will  be  found  that  to  whatever  depth  we  plunge  ! 
it,  the  water  will  not  entirely  fill  it.  The  air  will  be  ' 
compressed  into  a  smaller  space,  but  will  not  be  dis-  | 
placed.  A  diving  bell  at  a  depth  of  34  feet  below 
the  sm-face  of  the  water,  will  be  half  filled  with 
water ;  at  100  feet  it  will  be  three-quarters  filled ;  at 
1,000  feet  it  will  be  filled  to  within  a  thirtieth;  but 
on  drawing  it  up  to  the  sui-face  the  air  will  expand 
1 0  its  origmal  bulk,  and  drive  out  all  the  water. 

Air  bemg  material  also  possesses  weight;  that  is, 
it  obeys  the  attractive  influence  of  the  earth,  and 
gravitates  towards  its  centre.  This  may  be  proved 
by  suspending  a  copper  flask,  of  the  capacity  of  100 
cubic  inches,  to  one  extremity  of  the  arm  of  a  delicate 
balance,  and  accurately  counterpoising  it  with  weights 
in  the  opposite  scale.  If  the  air  be  pumped  out  of 
the  flask  it  will  be  found  to  have  lost  weight :  it  will 
have  lost  about  31  grains ;  but  on  readmitting  the  air 
the  flask  ^vill  weigh  as  much  as  before.  It  has  been 
found  by  accurate  experiments,  that  100  cubic  inches 
of  pure  and  dry  air,  weigh  31.0117  giains,  at  the 
temperature  of  60°,  and  under  a  pressure  of  30 
inches. 

Air,  then,  is  a  ponderable  substance,  and,  in 
common  with  all  such,  has  inertia,  that  is,  it  cannot 
be  set  in  motion  without  the  communication  of  some 
force,  and  when  in  motion,  it  cannot  be  retarded  or 
brought  to  rest  without  the  opposition  of  force.  Its 
inertia,  like  that  of  all  other  bodies,  is  exactly  pro- 
portional to  its  weight;  and  as  this  is  small  com- 
pared with  its  bulk,  a  small  force  is  sufficient  to 
impart  motion  to  a  large  bulk  of  air.  It  obeys  the 
laws  of  motion  common  to  ponderable  bodies,  and  its 


momentum,  or  amoiu.t  of  force  which  it  is  tapable  of 
exerting  upon  bodies  opposed  to  it,  is  estimated  in 
the  same  way  as  for  soKds,  viz.  by  multiplying  its 
weight  by  its  velocity.  The  momentum  of  air  is 
usefully  employed  as  a  mechanical  force  in  imparting 
motion  to  windmills  and  ships. 

Another  consequence  of  the  weight  of  aii-  is  its 
pressure.  We  have  seen  that  100  cubic  inches  of  air 
weigh  about  31  grains.  This  however  is  only  at  or 
near  the  level  of  the  sea,  with  the  barometer  standing 
at  30  inches ;  for  if  this  100  inches  of  air  be  taken 
up  in  a  balloon,  to  the  height  of  ll-,2Sii  feet,  or 
2.705  mUes,  the  100  cubic  inches  wiU  expand  to 
200,  because,  at  that  elevation,  we  have  ascended 
above  half  the  atmosphere,  and  the  100  cubic  inches 
of  air  has  to  bear  only  half  the  pressure  to  wluch  it 
was  subjected  at  the  level  of  the  sea.  Now  it  is  a 
law  peculiar  to  gaseous  matter,  that  its  density  is 
proportional  to  the  pressure  that  confines  it ;  that  is 
to  say,  by  doublmg  this  pressure  we  compress  any 
an-  or  gas  into  half  its  former  bulk;  and  on  the 
contrary,  by  removing  half  the  pressui-e  from  any  air 
or  gas,  it  expands  to  twice  its  ordinary  bulk ;  so  that 
there  does  not  appear  to  be  any  limit  to  the  space 
which  any  quantity  of  air,  however  small,  would  fill  it 
relieved  of  all  pressure.  Thus,  the  zone  or  shell  of  air 
which  surrounds  the  earth,  to  the  height  of  nearly  2'^ 
miles  from  its  surface,  contains  one  half  of  the  atmo- 
sphere ;  and  the  remaining  half  being  relieved  of  this 
supeiincumbent  pressure,  expands  into  another  zone 
or  belt,  of  the  tliickness  of  41  or  42  miles. 

The  pressure  of  the  air  at  the  sea  level,  will  be 
fm-ther  examined  when  we  come  to  notice  the  B.4.110- 
METER;  but  its  amount  may  be  shown  by  the  Magde- 
burg hemispheres,  fig.  16,  which  consist  of  2  hollow 
hemispheres  of  brass,  which 
fit  together  with  smooth  edges. 
The  lower  hemisphere  is  fur- 
nished with  a  short  iiiii'  '•[•  11- 
iiig  into  it,  which  e.i  1 1  1 
or  closed  by  mean^ 
cock.  On  screwiu-  i'  -  1  '  .■ 
into  the  table  of  an  aii'-puuip 
and  placingthetwo  hemispheres 
together,  the  air  caji  be  with- 
drawn from  the  hoUow  sohere 
thus  formed,  and  ou  tumnig 
the  stop-cock  and  removing 
the  apparatus  the  air  camiot 
re-enter.  A  handle  may  be 
screwed  to  the  short  tube,  and 
if  two  persons  puU  in  opposite 
directions  they  will  be  unable 
to  separate  the  hemispheres. 
If  the  sphere  be  6  indies  in  diameter,  its  sectifMi 
through  the  centre  will  be  about  29  square  inches, 
and  supposing  the  vacuum  to  be  perfect,  a  weight  of 
4201bs.  will  be  required  to  separate  the  hemispheres.' 


Now  ''^  =  about  14^  Ibi  which  is  tl  e  amount  ot 
atmosi  heiio  i  lebsme  upon  1  bquaie  mch  ot  suiface 
To  tlub  piess  ire  all  bodies  iiuuiate  ud  mimunte 
situated  at  oi  near  the  level  ot  the  sea  iie  subject 
by  calculating  the  number  of  squaie  mches  on  the 
surface  of  the  body  of  a  man  of  oidinaiy  statute 
and  multi] lying  this  uumbei  by  14'  we  get  the 
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at  the  botton  ot  oui  ocean 
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y  or  they  aie  neaily 

dmosphere  pi  esses 

(  I     1  I  11  odies  aie  Idled  vvith 

hiilcjll      tut         ^  jiesbuie  oi  with    u  ot 

the  same  density  as  the  external  on   so  that  the  c\ 

temal  piessure  is  met  and  couiitei  icted  by  the  mtemal 

resistance     Fishes  wluch  live  at  gieat  depths  m  the 

sea  are  as  effectually  dtbtioyed  vvhen  diawoi  up  to 

the  suiface  and  the  hydiobtatio  piessuie  lemovc  1 

as  -we  should  be  if  tiken  to  a  gieat  height  m  the 

atmospheie  wheie  the  pneumatic  prcbsure  wodd  be 

lemoved  oi  neail>  so     Vie  become  pamluUy  sensible 

of  atmospheiio  piessuie  in  the  opeiatiou  of  c  ip]  uig 

and  also  m  the  e  peiiment  with  the  hand  glass  hg  17 

F  D  u       which  lb  a  stout  glass  open  at  both  en  lb 

»  ==^       if  the  bioader  end  be  pkce  1  on  the  tiblc 

r"~°^^T8       of  the  air  pump  and  the  uppei   cud  be 

^\       '       ^    '  th  the  pain  of  the  hand    the 

1   of  a  poition  of   an   fiom   the 

dl  ca  ise  an  mtolei  il  Ic  lo  id  to 
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unbalanced  becaubC  it  does  not 

I  lib  above  the  hand 

I  I  that  when  a  gi\  en  volume  of  an 

1  c  it  wrdl  expand  to  an  m 

1  I     1  the  same  amount  of 

I  m  its  foimei  1  dk 

II  t-f  the  most  stiiking 
1  u  I  lb  a  consequence  of 
ifb  pecidi  tl  bli  ictuie  Iho  itomb  oi  paiticles  of 
sohds  aie  held  togethei  by  an  attiactive  foice  called 
ro/  111  Ikib  in  diffeient  solids  as  is  evident 
I                             1     lees  of  force  reqimed  to  ovei 

them  or  tiubhmg  and  gi  Hiding 
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gases  and  vapouis  concsive  attnclion  is  altoi,ci,hci 
absent  the  i  aiticles  not  only  do  not  col  eie  but 
lepcl  each  other  with  so  poweifid  a  foicL  tl  at  they 
constantly  tend  to  sepaiate  theinscl  cs  from  ci  h 
other,  so  as  to  occupy  a  laigei  space  It  is  this  re 
pulsive  foice  wluch  constitutes  the  elistieity  ot 
gaseous  bodies 

This  piopoity  of  an   and  the  law  by  wh  ch  it  li, 

"m  enied  can  be  lUubtiatod  1  y  means  of  a  lon^  1  ci  t 

1       t  1  t  itslongei  cvtiemity      ^ 

I  I    a  stop  cc  ck  at  the 

I  cock  being  open   a 

I  y  IS  pomcd  mto  the 

II  1     1  1  th    siufacPb    f  tl  (.  1  Li 


il 


lhet\ 


sof  a 


iC 


D 


ualto     pfi 
befoic  nllte 


equal  to  the  wi 
of  a  column  of  arr  continued  fiom  A 
and  a  to  the  top  of  the   atmosphere 
If  we  now  close  the  sto]  cock  D   the 
(.fleet  of  the  whole  weight  of  the  atino 
sphcic   djove  that  lomt  is  cut  oil    so 
that  the  suiface  a  can  sustain  no  piessuie 
tiom    the   weight   of  tie    itmosphcii. 
llie   level   of    the   meiciiy    howcvei, 
len  ms  tl  e  same  because  the  el  sticity 
of  the  col  mm  of  an  «  D    is  equal 
the  weight  of  the  whole  col 
tills  SI  dllku^thwabcutoli    Ui  lei  thib 
conditio  1  ot  the  expcun  cut    it  ra  ly  be 
said  that  the  smface  A  is  pitssed  by  the 
ueij/i/  of  the  whole  itmospheiie  coluimi 
and  the  suif  ice  a  by  the  eltiftc  tj  of  a 
portion  ot  ail  which  has  bee  i      I  i     (    I 
to  the  weight  of  the  w  h  1 
that  these  two  dfTeieut  1     i 
itb  we-,ht  anl  its  chsti  1 

each  othei     because  the  \  \ 

on  A  is  tiansmitted  to  the  s  iif  ice  c  m  1  the  el  ist 
of  the  conhiied  poitiou  of  an  on  a  is  transmittt 
the  suiface  A  thus  pio  liiemg  eqmlibiium 

We  have  seen  thit  the  piessuie  of  the  an  is  c 
to  about  IP  lbs  on  the  sq  me  inch  This  pies 
wiJ  su  tain  a  colun  n  ot  i  icicuiy  30  mches  high 
an  moh  squuc  oi  m  otl  ci  v  oi  K  the  we  ^h 
such  a  column  of  mcicuiy  is  equal  to  about  11' 
Now  it  vv  e  poiu  an  additional  qu  utity  ( f  mci 
into  the  long  biiib  so  as  to  con  pi  ess  the  an  lu 
mto  half  its  foimei  Imuts  that  is  uiitd  the  sui 
of  the  meicuiy  use  fiom  a  to  b  and  then  din 
i  to  the  0)  1  Ob  te  point  h  in 
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X     11     1 


f  I 


tl  1 


the  weight   of  i  I      c 

piessuie      The  I  /   is 

pressed  upw  uds  to  s  1)  is  th  i  t  c  1 1  1  to  /  o 
at  lo^pl  es  01  double  the  foice  with  which  a  wis 
piessed  upw  uds  tow  aids  D  Consequently  tie  elas 
ticity  of  the  coufmed  column  i  D  is  do  iblo  its  f  i  i 
elasticity  oi  that  which  it  1    1  whc  i  fdnug  the  spiee 


•I  D,  so  that  when  air  is  compressed  into  half  its 
vohiiiie  its  elasticity  is  donbled.  On  again  pouring 
mercury  into  the  tube  at  C  until  the  air  in  the  shorter 
limb  is  reduced  to  a  tliird  of  its  bulk  as  at  c  D,  the 
compressing  force  will  be  equal  to  3  atmospheres, 
and  the  height  of  the  column  of  mercury  would 
extend  to  C  or  60  inches  above  the  level  c.  If  we 
wish  to  compress  the  conlined  air  into  onc-fom-th  part 
of  its  original  volume,  mercury  must  be  poured  in  to 
the  height  of  90  inches,  and  then  the  elastic  force  of 
the  confined  air  would  be  4  times  greater  than  at 
first. 

It  appears  from  these  experiments  that  the  elastic 
f<ji-ce  of  air  varies  in  exactly  the  same  proportion  as 
its  density.  Tliis  important  law,  named,  after  its 
discoverer,  the  law  of  Mariotte,  applies  not  oidy  to 
air,  but  to  all  gaseous  bodies  wheu  subject  to  such 
variations  of  pressure  as  can  be  rcaddy  obtained. 
Air  has  been  allowed  to  expand  into  more  than  2,000 
times  its  usual  bulk,  aud  compressed  into  less  tliau  a 
thousandth  of  its  usual  bulk ;  but  li  iM<  >  .\iii  i. 
degrees  of  rarefaction  or  eondei I >. I  '.  '.• 
to  determine  its  elasticity  with  n  1,11 

uncertain  whether  the  law  of  ^!.i:  1:  ;,..i  '  .  .. 
extensively.  It  is  probable  that  \\  iicu  gases  are 
subjected  to  very  great  compression,  their  density 
a  greater  ratio  than  their  elasticity  ;  but 


JIariolte's 
condensed  as   mucli 
allowed  to  expand  to 
Tlie  elasticity  of  t 


s  been 


)f  thr  ;ur  i.  i.a.h  :^i^  ;.i,tage  of  in 
of  tiiosc  usriul  mslrumcnts,  the 
go  and  the  air-pump.  The  ex- 
hausting syringe  consists  of  a  brass 
cylinder,  fig.  19,  with  an  accurately 
fitting  piston.  The  lower  part  of  the 
cylinder  contains  two  valves,  one  a 
opening  upwards  into  the  cylinder, 
aiKltlipiitlu.r/,:it  tlifsiile.  opening  out 
iMiu  ii'.  ■:■  T-  .^--1  Vtobeex- 
haiiM,  I  I.   ,,  !  ■  ,'.i;isliorttube 

-   1 li:-  rOiudcr.     On 

closing  ilic  sinp-coci;  of  this  vessel 
a  lid  drawing  up  the  piston,  a  vacuum 
01-  empty  space  must  evidently  be 
h'ft  between  the  bottom  of  the 
cylinder  and  the  piston.  Then  on 
opening  the  stop-cock,  the  air  in 
the  vessel  no  longer  bemg  counter- 


ed open,  and  tlirough  tliis  valve 
cylinder  are  expelled.     When 

IIS  fnierd  tn  the  bottom  of  the 


it  more  soeiu'cly.  On  again  dcpressnig  tlic  piston 
the  valve  a  is  closed  and  ti  is  forced  open ;  and  in  this 
way  the  action  is  carried  on  until  the  air  left  in  the 
vessel  is  so  greatly  expanded  that  its  elasticity  is 
insufficient  to  open  the  valve  at  a.  The  exhaustion 
of  the  vessel  is  then  said  to  be  complete.  It  must, 
however,  be  evident  that  a  perfect  vacuum  cannot  in 
tliis  way  be  formed  in  the  vessel.  A  small  portion  of 
air  must  always  be  left  in  it,  and  this  portion  can 
easily  be  calculated.  If  the  cvlin  'n  Ii.  .if  1;..  smie 
capacity  as  the  vessel,  and  the  H  1  '  ,,i  i  ii,  .11  nf 
the  valve  be  regarded  as  uotliin  '  ,1  1  i  'le  .ilr 
will  pass  out  of  the  vessel  by  ll;e  lii  1  :iol,,  -r  die 
piston;  the  remaining  half  will  still  completely  till 
the  vessel,  but  its  atoms  or  particles  will  be  further 
apart ;  its  density  will  be  diminished  one  half,  and  its 
elasticity  will  be  dinnnished  in  the  same  proportion. 
The  second  stroke  of  the  piston  will  again  dimmisb 
the  air  in  the  vessel  by  one  half,  and  the  air  left 
after  the  second  stioke  will  have  onc-fouilh  of  its 


Hence  it  appears,  that  after  the  ninth  stroke,  the 
air  left  in  the  vessel  will  be  only  ^-j^th  of  its  original 
quantity,  and  as  it  still  occupies  tlie*same  space,  it 
has  only  jjjth  the  original  density  and  elastic  force, 
which  is  equal  to  a  pressui-e  of  only  0.02Slb.  to  the 
square  inch,  whicli  would  scarcely  be  sufficient  to 
raise  the  valve.  If  however  the  valve  a  be  fastened 
to  the  piston  by  a  loose  stiing,  so  long  that  it  may 
become  li,e-li!'!i-l  \'i-'  l.;'ie  U;e  ,11, luii  reaches  the 
topof  tlir',.  ,:   i,:'p::     '   •  ,,   :•  i    .M,  lhevalve,aud 

Tlic  air  I''""  1  :  '  -'".  i-  '■<■  'I'iil'le  exhausting 
syringe,  but  the  valve  through  whieh  the  air  is  forced 
out  of  the  cylinder,  instead  of  being  placed  in  the 
side  of  the  cylinder,  as  at  h.  Fig.  19,  is  contained  in 
the  piston  nr  1  'ui-  it«rlf  The  cylinders,  or  barrels,  as 
they  are  cil'i  '  •'•  : '  ■  !  ■'•'"  by  side,  and  motion  is 
given  to  tin  !i  ::  aiis  of  a  toothed  wheel 

andraekiNl  "  -:  1  -i-.  ■■  idiitrived,  that  while  one 
piston  is  aseeiidinc:  and  iliawiug  out  the  air,  the  other 
is  descending  and  expelling  the  air  already  withdrawn 
from  the  vessel  under  exha\istion.  At  the  bottom  of 
each  barrel  is  a  valve  opening  upwards,  so  that  during 
the  ascent  of  cither  piston,  the  air  below  the  valve 
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the  pib 
of  the 


1  cipLiiuii,'  uiiw.iriK,  allow  b  the 
•  between  the  bottom  of  the  baixel  a: 
The   vessel   to   be   ciJiausted  is   called   i 


gauge  at  20  inches,  the  pressure  of  the  au-  in  the 
receiver  is  equal  to  10  uichos  of  mercm-y  or  one-third 
of  that  of  the  external  atmosphere.  The  density  of  the 
air  in  the  receiver  is  also  onc-tliird  of  that  of  the 
external  air,  showing  that  two-tliirds  of  the  air  have 
been  removed.     In  the  best  air  punips,  the  valves  at 
tlie  bottom   of   the  bands  are  not  opened  by  the 
elastic  force  of  the  air,  but  by  a  mechanical  con- 
Mi;  lilt     ^\1M  I  ^II1()NS.      The   eWicify 
iif  in  applying  it  as  a 
lilllo\is  and  beds.     A 
I      Mill      I  I    III  light  by  the  application 

of  a  solution  of  luiUa  lubber,  and  when  made  u])  into 
tlie  required  form,  the  seams  are  rendered  tight  by 


of  the 
short  tulir 
ba^caul. 


;  substance.     At  n 


in?  which  the 


1  be  ii 


I  .  I.io  hard,  but 
IS  a  tolerably  soft 
a  air  can  be  let  out 
;i  small  space.     The 


1  grcn 


i  much  softer  and 
iicasuic  superseded 


chauil 


t   of 


apparatus  adapted  to  the  piirposo  may  be  observed 
un  ler  any  amount  of  rarefaction  that  may  be  given  to 
the  inclosed  air.  The  table  is  perforated  in  the 
centie  wi;h  a  liole  wliioh  communicates  by  a  bent 
metal  tube  c  with  the  barrels  a  b.  This  tube  has  a 
stop-cook,  which,  when  closed,  prevents  any  air  from 
leaking  into  the  receiver  from  the  barrels,  and  when 
open,  allows  them  to  communicate  with  the  ineloseil 
air.  When  the  experiment  is  over,  aii'  can  be  ic 
admitted  into  the  receiver  by  a  hole  in  the  bent  metal 
tube  at  h  ;  this  hole  is  closed  by  a  thumb-screw,  and 
is  made  air-tight  by  a  washer  of  leather.  In  order  to 
ascertain  the  amount  of  exhaustion  in  the  receiver, 
one  extremity  of  a  bent  glass  tube,  d,  opens  into  tlie 
metal  tube  c,  and  the  other  extremity  dips  into  a 
cistern  of  mercury.  Tliis  tube,  which  is  more  than 
30  mehes  long,  acts  as  a  gauge,  and  indicates  by  the 
ascent  of  the  mercury  wdthiu  it  the  amount  of  rarefac- 
tion in  the  receiver.  As  the  pump  is  worked,  the 
air  in  the  receiver  diminishes  in  density  and  conse- 
quently in  pressure,  so  that  the  external  atmospheric 
jircssure  on  the  surface  of  the  mercury  in  the  cistern 
forces  some  of  the  metal  up  the  tube.  The  weight 
of  the  column  of  mercury  thus  raised,  combined  with 
the  clastic  pressure  of  the  aii'  remaining  in  the  receiver, 
is  equal  to  the  atmospheric  pressure,  and  the  clastic 
force  of  the  air  in  tlie  receiver  is  equal  to  the  excess 
of  the  atmospheric  pressure  above  the  weight  of  the 
column  of  mercury  in  the  tube.  If  a  common 
barometer  stand  at  30  inches,  and  the  mercurv  hi  the 


AIi;-(,UN.  The  exhausting  syrhige.  Fig.  19, 
may  also  he  used  as  a  condensing  syringe.  If  the 
vessel  be  removed  fiom  tlio  end  of  the  syiiugc  and 
screwed  iiiio  llir  slioit  tube // at  the  side,  it  Mill  be 
evident  tli  il  i     •  i  i   p  ston  to  the  top  of  the 

cyliudei,   i  i  h  ilie\ahc«  and  fill  it. 

find,  I'll  .  lUc  „  wiU  close  and 

f         ■  '        1  I    nf  lined  in  the 

'  \  Ihrough  the 
I  II., ugh  itA^ill 
H  I  I  III  air  ^\lthout 

biusting  Uu  .igain  uiiMiig  the  pistnn  to  the  top  of 
the  cylinder,  a  fresli  supply  of  air  will  till  it,  and  on 
again  depressing  the  piston  an  additional  quantity 
win  be  forced  into  the  vessel.  Each  succeeding 
descent  of  the  piston  will,  hoA\cver,  become  more 
difficult,  for  the  an-  contained  in  tlie  cylinder  will  not 
force  open  the  valve  b  until  it  is  more  compressed  than 
the  ail-  within  tlie  vessel,  which  presses  up  against  the 
valve  b.  On  closing  the  stop-cock  and  removing  the 
vessel  from  the  syringe,  we  have  a  volume  of  con- 
densed air  which  will  rush  out  with  great  force  the 
moment  the  stop-cock  is  opened,  and  this  force  has 
been  used  for  projecting  balls  or  other  missiles. 

In  the  air-gun,  the  vessel  for  containing  the  con 
deused  air  is  a  strong  metal  ball  furnished  with  a 
small  hole  and  a  valve  opening  inwards.  This  ball  is 
screwed  to  a  ban-el  containing  a  bullet,  when  upon 
turning  a  cock  and  opening  a  communication  between 
the  condensed  air  and  the  buUet,  the  latter  will  be 
projected  forward   witli   a  greater   or  less   velociry 


ftccordiiig  to  the  state  of  condensation  and  the  weight 
of  the  buUet.  In  air-gmis,  the  reservoir  of  condensed 
air  is  usually  very  large  in  proportion  to  the  tube 
which  contains  tlie  ball,  so  that  its  clastic  force  is  not 
greatly  dim-mished  by  expanding  through  it,  and  the 
ball  is  urged  all  the  way  by  nearly  the  same  uniform 
force  as  at  the  first  mstant.  The  elastic  fluid  arising 
from  inflamed  gunpowder,  on  the  contrary,  is  very 
smaU  in  proportion  to  the  baiTel  of  the  gun,  and 
occupies  only  a  narrow  space  next  the  butt-end ;  so 
that  by  dilating  into  a  comparatively  large  space  as  it 
urr;cs  the  b.'U  alous  the  Ijarrel,  its  elastic  force  is  pro- 
l„";i  „i  ii,  !n  v,r  i!,.  ','..  A.  iii4  ii  nets  always  less  andless 
,,  ,         i  Whence  it  happens,  that 

;.,;,  ,,.,1,:  !  .  ,  I  ,  1^  huge  macliine  only  10 
l.ii.ir;.,  ui!l  piiijctL  i: ::  Ijatl  witli  a  velocity  but  little 
inferior  to  that  given  by  gunpowder;  aud  if  the 
valve  of  •communication  be  suddenly  shut  again  by  a 
sprmg  after  opening  it  to  let  some  au:  escape,  then 
the  same  charge  may  serve  to  impel  several  balls 
succession.  In  all  cases  where  a  considerable  force 
is  required  aud  consequently  a  great  condensation  of 
ail-,  it  will  be  requisite  to  have  the  condensing 
syringe  of  a  small  bore,  perhaps  not  more  than  half- 
an-ineh  in  diameter,  otherwise  the  force  requisite  to 
produce  the  compression  will  become  so  great  that  the 
operator  cannot  work  the  machine;  for  as  the  pressure 
against  every  square  uich  is  about  15  lbs.,  and  against 
every  circular  area  of  an  inch  diameter  12  lbs.,  if  the 
syringe  be  an  inch  in  diameter,  it  will  require  a  force 
of  as  many  times  12  lbs.  as  the  density  of  the  aii-  in 
the  receiver  exceeds  that  of  the  common  atmosphere  ; 
so  that  when  the  condensation  is  10  times,  the  force 
required  will  be  1201bs.,  whereas  with  a  half-iiich 
bore  it  will  only  amount  to  301bs."' 

There  are  various  forms  of  air-gun,  but  perhaps 
the  best  is  Martin's,  Fig.  21.  It  consists  of  a  lock, 
stock,  barrel,  ramrod,  &c.  of  about  the  size  and 
weight  of  a  common  fowling-piece.  Under  the  lock 
at  I  is  screwed  on  a  hollow  copper  ball  (c)  perfectly 
air-tight.  Tliis  ball  is  charged  with  condensed  air  by 
means  of  the  syrmge.  Fig.  22.  When  the  baU  is 
charged  and  screwed  on,  and  a  bullet  is  rammed  down 
m  the  barrel,  if  the  trigger  a  be  pulled,  the  pin  in  i 
will  by  the  spring-work  within  the  lock  strike  into 
the  copper  ball,  and  thereby  suddenly  pushmg  in  the 
valve  within  it,  let  out  a  portion  of  the  condensed 
air,  which  rushmg  up  thi-ough  the  aperture  of  the 
lock,  and  forcibly  striking  on  the  bullet,  will  propel 
it  to  the  distance  of  60  or  70  yards,  or  further  if 
the  air  be  strongly  condensed.  The  gun  may 
way  be  discharged  many  times  before  the  condensed 

The  ail  ■  '         '       '.-mpperballby 

:  I  he  lower  end  of  the  rod  a 
nil  passes  the  rod  /c,  upon 
ilaced ;  the  hands  ai'e  then 
i  i  fixed  on  the  side  of  the 
laiTel  of  the  syi-inge,  when  by  moving  the  barrel  B 
iteadily  up  and  down  on  the  rod  a,  the  ball  c  will 


become  charged  witli  condi-nsed  air.     T!ie  end  of  this 
rod  /c  has,  a  square  hole,  which  with  the  rod  serves  a^ 


key  to  fix  the  ball  fast  to  the  screw  i  of  the  gun 
and  syi-inge.  When  the  barrel  is  drawn  up  the  air 
rush  in  at  the  hole  /i,  and  when  it  is  pushed 
down  the  air  contained  in  it  will  have  no  other  way 
to  pass  from  the  pressure  of  the  au--tight  piston  but 
into  the  ball  c  at  the  top.  The  barrel  being  drawn 
up  the  operation  is  repeated  until  the  condensation  is 
so  strong  as  to  resist  the  action  of  the  piston. 

In  other  forms  of  air-gun  there  are  two  ban-els, 
one  of  small  bore  from  which  the  bullets  are  shot, 
and  a  larger  barrel  on  the  outside  of  it  which  forms 
the  resei-voir  of  condensed  air :  the  stock  of  the 
gun  contains  the  syringe  for  condensing  the  aii-.  The 
ball  is  inserted  by  means  of  the  rammer,  and  by 
pulling  a  trigger  a  valve  is  opened  which  allows  the 
air  to  come  behind  the  ball  so  as  to  drive  it  out  with 
great  force.  If  this  valve  be  opened  and  shut 
suddenly,  one  charge  of  condensed  aur  may  make 
several  discharges  of  bullets ;  but  if  the  whole  of  the 
air  be  discharged  on  a  single  bullet,  it  will  impel  it 
more  forcibly. 

The  air-'nui  is  sometimes  made  in  the  foi-m  of  a 
cane  or  walking-stick.   Fig.  23.     It  is  then  called 


to  the  to,. 


which  the  fc^ 

applied  to  the  two  handl( 


an  air-cane.  It  is  the  same  m  principle  as  the  air- 
guu,  but  the  syringe  is  applied  to  the  end  of  the 
barrel  c,  and  the  lock  and  trigger  are  shut  up  in  a 
brass  case,  and  when  the  discharge  is  made  the 
trigger  is  pulled  by  pulling  the  chain  b.  There  is  a 
ro\md  chamber  for  the  condensed  air  at  the  end  of 


the  striug  at  c,  fiu-iiishcil  with  a  valve  which  acts  in  j 
a  similar  maimer  to  tliat  of  the  copper  l)all.  AVhiii 
uot  m  use  the  brass  case  d  is  slid  ofl',  ami  T.:  ;  . 
slroment  then  becomes  a  walking-stick.  'I  '  ■■••■ 
of  the  cane  unscrews  at  a  where  the  extrcimi  ,  :  : 
piston-rod  m  the  barrel  is  shown.  An  mm  i  ii  l^ 
placed  in  a  ring  at  the  end  of  this,  and  the  au-  is  rou- 
dcnsed  in  the  ban-el  hi  a  manner  similiar  to  tbat  of 
the  an--gim,  but  its  force  is  not  so  great  as  in  tliat  i 

The  first  notice  of  the  modem  au--gim  is  m  tlie 
"Elemens  d'Ai-tihcrie"  of  David  Eivaut,  who  was 
preceptor  to  Louis  XIII.  of  Trance.  Ho  ascribes 
the  invention  to  Marm  of  Lisieu.\,  who  presented 
one  to  Henry  IV.  It  appears,  however,  that  Ctcsibius, 
an  Alexandiiau  Greek,  who  lived  b.  c.  150 — 120, 
apphed  the  elasticity  of  the  aii-  to  the  construction  of 
wiiid-guns ;  but  in  tliese  maelihies  the  ball  was  not 
immediately  exposed  to  the  action  of  the  air,  but  was 
impelled  by  the  lunger  ami  of  a  lever,  while  the  air 
acted  on  the  shorter.  The  aii'-gun  is  now  seldom 
used,  and  indeed  it  must  be  regarded  chiefly  as  a 
scientific  toy,  except  in  those  cases,  which  we  should 
hope  are  of  rare  occuiTcnee,  where  it  has  been  made 
the  instrument  of  private  revenge. 

ALABASTER,      See  GvrsuM. 

ALBUSIEN  or  ALBUillNE,  (from  the  Lathi 
albumen,  the  wliite  of  au  egg,)  an  organic  nutritive 
[ffineiple,  the  chief  ingredient  in  the  white  of  eggs 
(ovalbuniine),  and  in  the  fluid  portion  of  the  blood 
(seralbumine).  It  also  occurs  m  the  sap  or  juices 
of  many  vegetables,  as  the  potatoe,  carrot,  turnip, 
cabbage,  asparagus,  &e.;  in  the  seeds  of  the  cereal 
grasses ;  in  almonds,  filberts,  ody  nuts,  the  houseleek, 
&c.  The  most  characteristic  property  of  albninme 
is  that  of  soUdifyiug  or  coagulating  when  exposed 
to  a  moderate  heat,  m  winch  state  vegetable  al- 
bumiue,  that  from  potatoes  for  example,  is  not  to 
be  distmguished  from  boded  white  of  egg. 

Animal  albumine  is  that  wltieh  is  chiefly  employed 
in  the  useful  arts,  and  we  shall  confine  our  attention 
to  it.  The  albtunine  of  eggs  and  of  blood  is  asso- 
ciated with  certain  uiorganic  salts  and  a  small  portion 
of  free  soda,  which  gives  it  an  alkaline  reaction,  and 
renders  it  soluble  in  the  animal  system.  Albumine 
deprived  of  its  alkali  is  no  longer  sohible.  Ovalbu- 
niine is  a  thick  glairy  fluid,  denser  than  water,  without 
taste  or  smell,  and  dissolves  readily  m  cold  water. 
Exposed  to  atmospheric  air  it  soon  putrefies,  but  if  a 
thin  layer  be  spread  out  and  exposed  to  evaporation 
in  a  warm  place  it  diies  up  to  a  pale  yellow,  brilliant 
gum-like  substance,  in  which  state  it  may  be  pre- 
served for  any  length  of  time,  the  presence  of  water 
being  in  aU  cases  necessary  to  putrefactive  fermen- 
tation. 

When  white  of  egg  is  exposed  to  heat  it  gives  out  a 
peculiar  and  characteristic  odotrr.  At  about  134°  white 
fibres  of  coagulum  begin  to  appear ;  at  160°  it  be- 
comes a  solid  mass.  At  212°  it  dries,  shrinks,  and 
assumes  the  appearance  of  horn.  In  proportion  as 
albumine  is  diluted  with  water  it  requires  a  higher 
temperature  to  coagulate  it ;  but  water  with  only  one- 
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thousandth  part  of  its  weight  of  albumine  is  rendered 
opaiiiic  by  builin-.  If  Hie  quantity  of  albuniuie  be 
'..  .1.  ,,-  1  ;i,i-  i'  .    ;'.[;.M  .    i'f  ,i>-s  slimy,  a  heat  of  14^"^ 

I     I  .  1   I  he  whole  sohd,  white 

I     I     ;'  ■  .   I '.    Niliite  state  the  albumine 

-ij.ii;i'.  -  i:iiiL!ii  iI'Hi.--.  A 11  cr  coagulation  albumine 
is  no  longer  soluble  in  wMter,  but  it  dissolves  in 
caustic  alkali.  The  only  chemical  change  that  can 
be  traced  in  coagulated  albiunine  is  the  loss  of 
alkali  and  soluble  salts,  which  are  removed  by  the 
hot  water. 

From  its  property  of  coagulating  by  heat,  albu- 
mine is  used  to  clarify  syrups,  and  other  liquids. 
The  albmnhie  is  first  mixed  with  the  liquid  to  be  cla- 
rified, and  heat  is  gradually  ajiplicd;  the  albumme 
coagulates  in  every  part  of  the  liquid,  and  entangles 
with  it  all  the  minute  insoluble  substances  which 
render  the  liquid  cloudy,  and  canics  them  to  the 
sui-facc  m  the  fonn  of  a  scum  which  can  be  removed. 
Albumine  may  also  be  employed  as  a  clarifier  at  or- 
dinary temperatures  for  wine,  beer,  &e.,  in  which  case 
it  unites  with  the  tannine,  and  forms  an  insoluble 
compound  which  acts  in  the  same  manner  as  coagu- 
lated albumme.  But  for  this  pui'pose  isinglass  acts 
much  better. 

Albmnme  is  also  coagulated  by  alcohol,  which 
unites  with  the  water  which  held  the  albumine  hi 
solution,  and  it  is  precipitated  in  wliite  filaments. 
It  is  also  coagulated  by  sulphuric,  hydrochloric,  and 
nitric  acids,  but  uot  by  acetic  acid,  for  this  dissolves 
it.  Metallic  salts,  such  as  muriate  of  tm  and  subacetate 
of  lead,  also  coagiJate  it;  bicldoride  of  mercury,  or 
corrosive  sublimate,  is  on  tliis  account  a  delicate  test 
of  the  presecce  of  albumme,  for  if  a  suigle  drop  of 
the  saturated  solution  of  this  salt  be  allowed  to  fall 
into  water  containing  only  the  two-thousandth  part  of 
albumine,  it  wiU  occasion  a  miikuiess  m  the  water, 
and  a  curdy  precipitate.  Albiunine  is  an  effective 
antidote  m  cases  of  poisonmg  by  corrosive  sublimate. 
It  should  be  administered  m  the  form  of  fluid  white 
of  egg,  one  white  being  required  to  neutralise  the 
effect  of  4  grams  of  the  poison. 

Albumine  is  also  coagulated  by  voltaic  eleetricily. 
If  a  fluid  contammg  it  be  exposed  to  the  action  of  a 
voltaic  battery,  soda  will  appear  at  the  negative  pole, 
and  albimiiue  will  coagulate  roioid  the  positive  pole. 

Albumine  contains  m  100  parts  :— 

Carbon 54.?4 

nvarogcu      .         ...       7.09 
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The  presence  of  stdphur  is  shown  by  a  boiled  egg 
blackening  a  silver  spoon;  a  trace  of  alkaliuc  sid- 
phuret  bemg  formed  or  separated  during  the  coagu- 
lation. 

Lraie,  baryta  and  strontia  form  insoluble  com- 
pounds with  albumine,  which  harden  on  drying.  A 
lute  foi-med  by  mixing  slaked  lime  with  white  of  egg, 


and  spread  ou  strips  of  paper  or  linen,  is  useful  in 
making  tight  the  joints  of  chemical  apparatus. 

AJjCOHOL  (an  Ai-abic  word)  is  the  spiritnious 
portion  of  fermented  liquors,  sometimes  called  ardent 
spirit.  [See  Fhumeniation,  and,  for  its  composition, 
Ether.  See  also  Acetic  Acid.]  By  carefully  dis- 
tilling fermented  liquors  the  alcohol,  mixed  -with  a 
portion  of  water,  can  be  separated,  forming  a  product 
the  properties  of  which  differ  according  to  the  sub- 
stances from  which  it  is  derived.  Thus,  the  fermented 
and  distilled  juice  of  grape  yields  brandy  ;  that  of  the 

rally  maltol  i   i  lii.   |h  ,  ,;  '  I       '  t  1        ,/t 
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alcohol  auil    1  ^     l        i   i       1'       ^ in    .  ili- 

rected  to  be  0  s.'Ss.  Tn  cilil.im  pure  or  absolute 
alcohol,  the  spirit  of  vnne  must  be  mixed  with  some 
substance  which  has  a  strong  afhnity  for  water  and 
little  or  no  affinity  for  alcohol.  Thus,  carbonate  of 
potash  is  a  deliquescent  salt ;  that  is,  when  exposed 
to  the  air  it  attracts  moisture  therefrom,  and  dis- 
solves, or  deliquesces  :  it  therefore  has  a  great  attrac- 
tion for  water ;  but  it  is  quite  insoluble  in  alcohol. 
IMien,  therefore,  dry  carbonate  of  potash  is  added 
to  rectified  spirit  of  wine,  the  water  of  the  spirit  dis- 
solves the  salt,  and  forms  a  dense  solution  upon 
which  the  alcohol  floats.  It  is  not,  however,  quite 
free  from  water,  for,  when  poured  off  and  distilled, 
it  still  contains  about  5  per  cent,  of  water.  Alcohol 
of  the  specific  gravity  of  0.835  may  by  tliis  treat- 
ment be  reduced  to  0.815.  Powdered  quicklime 
may  be  substituted  for  the  carbonate  of  potash  with 
greater  advantage ;  but  it  must  be  left  for  three  or 
four  days  in  contact  with  the  spirit,  in  a  well  stop- 
pered bottle,  and  be  occasionally  shaken.  Cldoride 
of  calcium,  fused  in  order  to  get  rid  of  its  water,  may 
also  be  employed  for  separating  water  from  alcohol. 
Equal  weights  of  the  spirit  and  the  salt  must  be 
mixed  in  a  well-stoppered  bottle,  and,  when  the  salt 
is  dissolved,  the  clear  solution  is  poured  into  a  dis- 
tilling apparatus,  and  distilled  al  a  moderate  heat. 
About  half  the  quantity  of  spirit  employed  must  be 
sent  over,  and  the  process  then  be  stopped.  This 
will  be  absolute  alcohol.  Its  specific  gravity  at  G0° 
is  0.794. 

There  arc  other  methods  by  which  spirit  may  be 
deprived  of  a  portion  of  its  water.  Thus,  if  a  quantity 
of  brandy  or  other  strong  spirit  be  put  into  a  bladder, 
or  into  a  wide-mouthed  bottle  and  tied  over  with 
bladder,  and  be  exposed  to  a  temperature  of  from  105° 
to  120°,  the  aqueous  portion  will  jiass  through  the  mem- 
brane in  preference  to  the,  alcoholic,  and  in  tliis  way  the 
spirit  may  bo  made  stronger.  Smugglers,  who  carry 
spirits  about  their  persons  in  bladders,  are  aware  of 
this  fact;  and  this  explains  why  their  customers 
prefer  the  smuggled  to  the  legitimate  article,  on 
account  of  its  being  stronger  than  ordinary  spu-it. 
Spirit  of  wine,  of  the  specific  gravity  of  0.867,  has  in 
tliis  way  been  reduced  to  0.817.  But  by  this  process 
of  exosmose  absolute  alcohol  cannot  bo  procured. 

A'cohol  is  a  limpid  colourless  liquid,  of  an  agreeable 


p.ileMu    '  When 

dilut^a  NM'i   '   iiM    ii,.    !,    ,  r         I    li   s  m 

tense,  and  its  colour  iiiou   m  Ii    i  i     I     .s  no 

smoky  deposit,  and  the  prmln  \   >       l        •  n  arc 

carbonic  acid  and  water.  Ai  i  m  jmi , 

the  combustion  of  100  paris  ul  .ik..l„,;  |,i...,u.  l=  130 
parts  of  water.  The  intense  heat  of  the  fiame  and 
the  absence  of  any  smoky  deposit  make  alcohol  so 
useful  in  the  spirit-lamp  of  the  clieuiist.  Tlic  flame 
may  be  coloured  by  certain  ^  I'l  li  i  i-  i<  '  iil  and 
salts  of  copper  give  it  a  grci  u  (  '  m  ii  MlmUa 
yellow;  and  the  salts  of  sIim,i  i-  i  mi  u-d. 
Alcohol  has  never  been  fm/i  ii  Winn  (ximsMlby 
Faraday  to  a  temperature  of  IGG"  l)(_lu\\  (hr  /.crn  of 
Fahrenheit's  scale,  it  thickened  considerably,  but  did 
not  congeal.  Hence  the  great  use  of  spirit  thermo- 
meters for  measui-ing  low  degrees  of  temperature. 
The  low  temperature  thus  obtained  by  Faraday  was 
by  a  niLxtm-e  of  solid  carbonic  acid  and  ether ;  but  it 
is  stated  by  anntlicr  authority  that  spirit  of  wine,  of 
the  spci'ilM'  L'Livii}  d'-""?'!  ivIiiMv  riingeals  under 
similar  rl,  .:.,  i  |«iiiit  of  alcohol, 

speeifir -M'. :  "/li,  ,  .      ,1  :.  i- iiii  atmospheric 

pressiuc  nl  -."i;!  '[]■.,■  1  .  :r.  |n.iii  varies  with  the 
specific  gravity,  that  is,  it  liccomcs  higher  for  each 
addition  of  water.  Under  the  exhausted  receiver  of 
an  air-piunp,  alcohol  boUs  at  common  temperatures 
The  rate  of  expansion  under  the  influence  of  heat  is 
such  that  1,000  measures  of  alcohol  (specific  gravity 
0.817)  at  50°  become  1,079  mcasm-es  at  170°. 

Absolute  alcohol  has  so  gi-eat  an  alfinity  for  water 
that  it  absorbs  it  rapidly  from  the  atmosphere,  and 
sensibly  increases  in  specific  gravity  in  a  short  time. 
It  combines  with  water  in  all  proportions ;  and  the 
mixlui-e  gives  rise  to  a  diminution  in  bulk,  and  a 
considerable  disengagement  of  heat  in  consequence 
of  the  increased  density.  Equal  parts  of  alcohol 
(specific  gravity  0.825)  and  water,  each  at  50°,  when 
suddenly  mixed,  give  rise  to  a  tempcratm-e  of  70° ; 
and  equal  measures  of  proof  spirit  and  water,  each  at 
50°,  give  a  temperature  of  60°. 

The  uses  of  alcohol  in  the  arts  are  very  numerous. 
It  can  be  used  as  a  solvent  in  cnsos  wliore  wntor  alto- 
gether fails.  It  dissolves  resin-,  aiiJ  Iniirc  i;  nso  in 
varnish-making.  It  does  niit  n  iJil\  hkik  whIi  tjie 
fixed  oils,  except  castor  oil ;  I'l;'  it  li'i'>  ^i  ^ilvcs 
the  essential  oils  1  ra;ii|i'        ,,'  •;   !    ■■!  ,   ■      n,,'  in 

and  oxalic,  tarfarii  .  I,    -         i       :  ■    .ihnr 


It  i 


1  for  11 


emploTcil  ill  |iii  M  iMiii,'  M!:rctable  and  animal  sub- 
stances, aii.l  aiiainiiii.al  |,rr}iarations.  It  is  valuable 
to  the  clicuubt  as  a  liul,  and  also  for  many  puqioscs 
of  ehemical  analysis ;  but  its  high  price  in  this  counti-y 
is  an  impediment  in  the  way  of  science  and  the  useful 


Alcohol  is  an  agreeable   stimulant  in  f 
drinks ;   but  the  want,  sufferiu!;,  and  disc; 
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sioned  by  its  iiLiuse  far  outwcigli  any  benefits  likely 
ti)    be  ilcri\rJ   from  its  use,   as  forming  part  of 
lh-\i  I  iLi  ,     T'l'     ii.aiiiity  of  alcohol  in  wine,  beer,  &c., 
i       ■   .         !  Aecording  to  Professor  Brande, 

I  i  !  -^'ime  other  strong  wines,  contain 

li.v::  r,i  i.i  J  .  j.  ,  .  riit.  of  alcohol ;  the  lighter  wines 
of  France  and  Carmany,  about  12  per  cent.  Strong 
ale  contains  about  10  per  cent.  ;  ordinary  spirits,  as 
brandy,  gin,  and  whiskey,  40  to  50  per  cent.,  or  occa- 
sionally more.  The  latter  owe  their  peeidiar  ilavcms 
to  certain  essential  oils  which  are  present  in  very 
small  quantity,  and  arc  generated  during  fermentation, 
or  are  pmiiosely  added.  The  sfrcngih  of  such  spirit- 
judged  of  by  the  ta.-i*  ;  ,  ,  i 
the  bubbles,  when  sha:,.    ,  :          ,,:,;    .     :  '',  .  i 
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variable  in  its  uatui-e,  and  can  be  more  readily,  ami 
with  equal  accui-acy,  identified  by  lliat  only  cpialily  or 
condition  to  which  i(<.  r.i-r  ,■  a  !r  li,,,!  in  pracliec — 
namely,  spcciiic  cra\  \    I     :  .   :    ilKihol  is,  there- 

fore, that  which  i.   i  i.      '      us  as  the  only 

excisable  substance;  .<  ,  i  a  ,  •  a  i!  .  nc  hand,  it  will 
make,  no  difference  in  the  idcntillcation,  and,  on  the 
other,  win  bo  a  great  commercial  advantage,  it  is 
further  recommended,  that  the  standard  be  very 
nearly  that  of  the  present  proof  spirit. 

"  The    proposition  of    your   Committee   is,    that 
standard  spirit  be  that  which,  consisting  of  alcohol 


aa  '  :<ac  of  cotton  immersed 

111   ■■,   a  ! ,lajl.      "The   diilercnt 

spuiiiajuo  li.jiiui^  ka\  c  viirialjlc  proportions  of  water, 
wlien  thus  burned  in  a  graduated  vessel.  But  it  must 
be  rccolleeted  that  in  rum,  brandy,  and  several  other 
si.irils,  flie  sjiecific  gravity  is  oflcu  Interfered  witli  l)y 


be  distilled,  and  the  specific  gravity  of  the  distilled 
portion  will  then  give  an  indication  of  the  proportion  of 
alcohol  that  may  be  relied  on.  In  respect,  however,  to 
the  excii/C,  distillation  is  inconvenient,  and  is  therefore 
only  resorted  to  in  extreme  or  suspicious  cases." — 
Branch. 

The  only  correct  mode  of  ascertaining  the  specific 
gravity  of  liquids  is  by  weighing  them  against  an 
equal  volume  of  pure  water  at  the  same  temperature. 
[See  Gkaviiy  SrECinc]  In  practice,  however,  the 
hydrometer  is  used;  and  the  form  of  the  instrument, 
and  the  method  of  using  it  for  the  pui-posi  s  i  I  ihr 
excise,  were  given  in  the  report  of  a  Commii  i '  a  i  I  i ' 
Royal  Society  to  the  Government.  The  i  .li..  aa 
extract  from  this  report  wUl  afford  much  ua,  lul  in- 
formation on  this  subject,  especially  as  relates  to  tlie 
composition  and  density  of  proof  spirit,  wliich  is  de- 
fined by  58  George  HI.  c.  28,  to  be  such  "  as  shaU, 
at  the  temperature  of  51°  Falir.,  weigh  exactly  twelve 
thirteenth  parts  of  an  equal  measure  of  distilled 
water."  The  term  proof  spirit  usually  means  a 
mLxture  of  equal  bulks  of  alcohol  and  water ;  but  the 
specific  gravity  of  such  a  mixture  will  depend  upon 
that  of  the  standard  alcohol,  -which  is  not  specified  in 
the  act  referred  to ;  but  it  appears,  that  equal  weights 
of  alcohol,  specific  gi-avity  0.796  at  G0°,  and  water, 
have  a  specific  gravity  of  0.917,  which  is  very  nearly 
that  of  legal  proof  spirit. 

The  Report  says  : — "With  regard  to  the  substance, 
alcohol,  upon  which  the  excise  duty  is  to  be  levied, 
there  appears  to  be  no  reason,  either  philosophical  or 
practical,  why  it  should  be  considered  as  absolute. 
,V  definite  mixture  of  alcohol  and  water  is  as  invariable 
in  it.s  vidue  as  absolute  alcohol  can  be.     It  is  also  in- 


specific  gr.i\  ii\  ul  U.'JJ  13  i.ikcu  ralhei  lliau  U.;Uti(J33, 
(the  specific  gravity  of  present  proof  spirit  at  02°, ) 
because  the  fraction  expressing  its  relation  to  water 
is  much  more  simple,  and  will  facilitate  the  constnic- 
tion  of  the  tables  and  the  verification  of  the  instru- 
ments proposed  to  be  used. 

"  This  definition  of  standard  spirit  appears  to  your 
Committee  to  be  very  simple,  and  yet  as  exact  as  it 
can  be,  or  as  any  other  standard  spirit  can  be.  This 
standard  is  rather  weaker  than  the  old  proof  spirit,  in 
the  proportion  of  nearly  1.1  gallon  of  the  present 
proof  spirit  per  cent.  But  this  disadvantage  your 
Committee  consider  as  trifling,  compared  with  the 
great  convenience  which  will  result  if  the  specific 
gravity  of  0.92  lie  taken  rather  lliau  0.918033. 


"Iti, 
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1  :  'a  IS   are   not   yet   agreed    ui)on   the 

a         .   '  '  I  lie  alcohol;   and  the  difi'crences  of 

■  aaha  aaa.iiv  assigned  to  it  vary  from  0.7910  to 
D./'.ibU.  But,  assuming  the  truth  to  be  somewhere 
witlun  these  extremes,  the  proposed  standard  woidd 
contain  nearly  one-half,  by  weight,  of  absolute  alcohol. 
"  In  any  mixture  of  alcohol  and  water,  the  specific 
gravity  appears  to  be  the  only  quality  or  condition  to 
which  recourse  can  be  had  for  the  practical  purposes 
of  the  Excise,  in  order  to  indicate  the  proportion  of 
standard  spirit  present.  Your  Committee  are  of 
opinion,  that  the  hydrometer  is  the  instrument  best 
fitted,  in  the  hands  of  the  excise  officer,  to  indicate 
that  specific  gi-avity;  and  they  think  it  ought  to  be 
so  graduated,  as  to  give  the  indication  of  strength, 
not  upon  an  arbitrary  scale,  bnt  in  tenns  of  specific 
gravity  at  a  fixed  temperature,  which,  in  the  present 
ease,  should  be  02°,  or  that  of  the  standard  spirit. 
The  graduation,  in  terms  of  specific  gravity,  will  not 
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only  supply  a  very  minute,  yet  sensible  scale,  for  the 
purposes  of  ascertaining  smaller  differences  in  the 
density  than  is  done  by  the  present  scale,  but  will  also 
afford  an  easy  means  of  verifying  the  instruments 
when  required." — [Sec  Guavity  SpECinc] 

ALE.     See  Beer. 

ALEMBIC.  A  vessel  used  for  the  distillation  or 
sublimation  of  substances  of  moderate  volatibty.  Li 
its  simplest  fonn  it  consists  of  a  body,  cucuibit,  or 
matrass,  M  (Tig.  21)  contammg-  the  fluid  to  be  dis- 


tilled, or  the  substance  to  be  sublimated ;  a  head  or 
capital,  H,  fumished  \vith  a  pipe,  leading  into  a  re- 
ceiver R.  Heat  is  applied  to  the  body  M,  either 
by  means  of  a  lamp  or  a  sand-bath.  The  rising 
vapour  is  condensed  in  the  head,  and,  ti-ickling  down 
the  sides,  is  received  into  its  depressed  channel  C, 
from  which  it  flows  do^vn  the  pipe  into  the  receiver, 
which  is  loosely  fitted  to  it  by  means  of  a  ring  of 
cork.  The  condensation  is  more  rapid  if  the  receiver 
be  immersed  in  cold  water.  The  alembic  is  now  i 
seldom  used,  it  having  been  superseded  by  better 
forms  of  apparatus,  which  will  be  described  under 
Distillation.  | 

ALKALI.  A  term  applied  by  the  Ai-abians  to  the  I 
carbonate  of  soda  found  in  the  ashes  of  marine  plants.  , 
The  same  term  was  afterwards  extended  to  carbonate 
of  ammonia,  and  also  to  the  carbonate  of  potash  found 
in  the  ashes  of  land  plants,  which  was  long  con- 
sidered as  identical  with  carbonate  of  soda.  It  was 
discovered  that  these  three  alkaline  carbonates  are 
rendered  much  more  caustic  by  contact  with  lime ; 
and  hence  the  m'M  (or  carbonated)  alkalies  were 
distinguished  from  the  caustic  (or  pure)  alkalies. 
Dr.  Black,  inl7oG,  showed  that  this  change  is  due  to 
the  abstraction  of  carbonic  acid  from  the  mild  alkalies 
by  the  action  of  lime.  The  older  chemists  distin- 
guished ammonia  as  the  volatile  alkali  from  the  two 
fixed  alkalies,  and  of  these  potash  received  the  name  of 
vegetable  alkali,  soda  that  of  mineral  alkali, — ^tbe  one 
bemg  found  chiefly  in  the  ashes  of  plants,  the  other 
in  rock-salt.  It  was  afterwards  found  that  potash 
exists  in  many  widely  diffused  nimerals  ;  and,  conse- 
quently, the  term  r!',- '.  ' '  ,  "  '  <.  ,1  nut  properly 
be  applied  to  it.  Klui  ■  ,  _  I  :  it  the  word 
Srt/j  should  be  used  i.  .   ;       •  the  French 

chemists  invented  the  v,'';  _  :.  ">tinguish  the 

pure  rdkali,  derirag  the  Icnn  fiom  the  German  word. 


pottasche,  which,  probably,  owes  its  origin  to  the  u^e 
of  iron  pots  in  burning  the  materials  from  which  the 
alkali  is  obtained.  The  alkalies  and  earths  were  long 
regarded  as  simple  substances,  although  Lavoisier 
had  suggested  that  they  were  metallic  oxides.  Sir 
Humphry  Davy,  in  1807,  first  succeeded,  by  means 
of  a  powerful  voltaic  battery,  in  separating  the  metals 
fiom  potash,  soda,  baryta,  strontia,  and  lime,  and  m 
obtainmg  traces  of  metallization  from  the  earths. 
These  results  were  extended  and  confirmed  by  Gay- 
Lussac,  and  others.  The  discovery  of  these  metals 
also  led  to  that  of  pure  potash  and  soda ;  for,  up  to 
that  tune,  these  substances  were  known  only  in  the 
state  of  hydrates,  and  these  hydrates  were  long  re- 
gaided  as  anhydrous  alkalies.' 

Alkahes  have  a  great  affinity  for  acids,  combining 
with  them  to  form  salts.  Alkalies  in  solution  convert 
vegetable  blue  colours  into  green,  and  vegetable  yellows 
into  reddish  biois-n.  The  infusions  of  red  cabbage, 
and  of  tui-meric,  or  bibulous  paper  stained  with  these 
substances,  aie  used  as  tests  for  the  presence  of  an 
alkali.  Unsized  paper,  tinged  by  a  strong  infusion  of 
the  petals  of  the  red  rose,  is  a  vei^  delicate  test  for 
the  presence  of  an  alkali :  in  a  very  sti-ong  alkaline 
solution,  it  is  turned  greenish  brown ;  but  when  the 
solution  is  very  dilute,  its  reaction  is  very  delicate, 
and  it  becomes  bright  green ;  it  wiU  thus  indicate  the 
presence  of  an  alkali  when  tunneric  paper  is  not 
visibly  discoloured.  The  alkalies  restore  the  colour  of 
vegetable  blues  which  have  been  reddened  by  acids  ; 
and  acids  restore  vegetable  colours  which  have  been 
altered  by  alkalies. 

No  metal  yields  two  alkalies  by  different  degrees  of 
oxidation,  nor  does  any  one  become,  by  this  process, 
an  alkali  and  an  acid.  All  the  fixed  alkalies  will  bear 
a  liigh  temperature  without  decomposition.  They 
are  of  extensive  use  in  various  chemical  arts,  as  in 
the  manufacture  of  Soap  and  Glass. 

There  is  a  class  of  vegeto-alkalies,  named  alkaloids, 
which  are  produced  in  plants  during  vegetation,  but 
always  in  combination  with  a  peculiar  acid.  They 
are,  for  the  most  part,  sparingly  soluble  in  water, 
but  dissolve  in  hot  alcohol,  from  which  they  often 
crystallize,  in  a  very  beautiful  manner,  in  cooling. 
Two  of  them,  however,  are  oUy,  volatUe  liquids. 
Their  taste,  in  solution,  is  intensely  bitter ;  and  their 
action  on  the  animal  economy  is  very  energetic. 
They  aU  contain  nitrogen,  and  are  complicated  iu 
structure.  None  of  the  organic  bases  occirrring  in 
plants  have  hitherto  been  formed  artificially.  Morphia 
or  morphine,  the  chief  active  principle  of  morphine, 
and  cinchonia  and  qmna,  to  which  the  valuable  medi- 
cinal qualities  of  the  Peruvian  barks  are  due,  may  be 
cited  as  examples  of  alkaloids. 

ALKALniETRY.  A  process  for  estimating  tlie 
quantity  of  free  alkali,  or  of  carbonate,  contained  in 
any  impure  specunen.  The  process  depends  on  the 
neutralization  of  the  alkali  by  an  acid,  and  the  use 
of  the  test-papers,  described  in  the  last  article. 
The  dilute  acid  is  usually  placed  in  a  graduated 
glass  tube,  called  an  alkalimeter,    (Kg.  25,)   which 
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is  prepared  and  used  in  tlie 
,  foUowing  manner,  according 
^  5  to  the  directions  given  by 
'_  ,„  Dr.  Fai-aday  in  liis  work  on 
15  "  Clieinic:il  Maniprdation." 
,  20  A  tube,  closed  at  one  end, 
_  2,i  9i  inches  long,  ami  ,  -I  ;i  i 
.  30    iuch    internal   diir.i  -       , 

-  ^5    selected,  and  1,01111  ., 

-  '"'   water  are  weighed   in'"  li 
The  space  thus  occupied  is 

jj  graduated  into  100  equal 
gu  parts,  and  every  ten  divisions 
(55  are  numbered  from  above 
?o  downwards.  At  23.44  parts, 
_  75  or  76.56  parts  from  the  bot- 
so   torn,  an  extra  Ime  is  made  on 

-  ^^  the  opposite  side,  with  the 
^  '"  word  soila  written  against  it 
"  ^'    with  a  scratching  diamond. 

Lower  do\vn,  at  48.96  parts, 
■'"  '  is  another  line,  with  theword 

po/as/i.  Still  lower,  at  54.63  parts,  is  a  thii-d  line, 
with  carl/,  soda  marked ;  and  at  65  parts,  a  fourtli, 
marked  carb.  potash.  It  will  be  observed,  that  por- 
tions are  measured  off  beneath  these  marks,  in  the 
inverse  order  of  the  equivalent  numbers  of  these  sub- 
stances, and,  consequently,  directly  proportionate  to 
the  quantities  of  any  particular  acid,  which  wiU 
neutralize  equal  weights  of  the  alkaKes  or  their  car- 
bonates. As  these  points  are  of  importance,  they 
ought  to  be  verified,  by  weigliing  in  the  tube  first 
350,  then  453.7,  then  510.4,  and,  lastly,  765.6 
grains  of  water,  which  will  correspond  with  the 
marks  if  they  are  correct.  Or  the  graduation  may 
be  laid  down  from  the  sm-face  of  the  four  portions  of 
fluid,  when  weighed  in,  without  reference  to  where 
they  fall  upon  the  general  scale.  The  apertui-e  of 
the  tidje  should  be  so  formed  as  to  be  perfectly  and 
sccm-cly  covered  by  the  thumb  of  the  left  hand. 

The  acid  used  with  the  tube  is  diluted  sulphuric, 
of  the  specific  gravity  1.1208,  prepared  by  mixing  1 
part  by  woiglit  of  oil  of  vitriol,  of  specific  gravity 
1.82,  with  4  parts  of  water.  A  quantity  of  this  acid 
measured  into  the  tube  up  to  any  one  of  the  four 
marks  described  will  neutralize  100  grains  of  the  di-y 
alkali  or  carbonate  set  down  at  the  mark;  conse- 
quently, if  water  be  added  in  the  tube  thus  filled  up 
(0  any  one  of  the  marks,  until  the  100  parts  are  fidl, 
and  tiie  whole  unifonnly  mixed,  1  part  of  such  diluted 
acid  will  ncixtralize  1  grain  of  the  alkali  or  carbonate 
named  at  the  mark  up  to  which  the  tube  was  fii-st 
filled  with  the  acid  of  specific  gravity  1.1208. 

"VMien  a  specimen  of  potash,  barida,  or  kelp  is  to 
be  examined,  100  grains  are  to  be  weighed  out,  dis- 
solved in  warm  water,  filtered,  the  insoluble  portion 
washed,  and  the  solution  added  to  the  rest.  By  this 
jirocess  the  alkali  will  be  separated  from  carbonate  of 
lime,  or  other  insoluble  matters,  wliich  might  other- 
wise lead  to  error  in  the  estimation.  The  alkaline 
solution  is  to  be  put  into  a  basin  in  the  sand-bath,  and 
the   tube  and  acid   prepared.      The  acid  is   to   be 


poured  into  the  tube  up  to  the  mark  which  indicates 
the  substance  to  be  tested  for ;  potash  or  carbonate  of 
potash  for  the  potash  or  pearlash  of  commerce,  and 
soda  or  carhcnate  of  soda  for  barilla  or  kelp.  Water 
is  then  added  untd  the  100  parts  are  filled  up,  and, 
closing  the  tube  with  the  thumb,  its  contents  are  to 
I"  iinrictly  agitated  and  mixed.  Then  inverting  the 
I  '  n  that  the  thumb  and  mouth  of  the  tube  ara 
!  .lids,  the  acid  is  to  be  let  out  gradually  into 
III'  ilkaline  solution  in  the  basin,  by  relaxing  the 
thumb,  and  admitting  a  succession  of  small  bubbles 
of  air.  The  hot  solution  beneath  is  to  be  continually 
stirred,  so  as  to  mix  the  acid  instantly  with  the  whole, 

ncutraliziil  i.  i  ■    ,.    ,  '  ■  \      'I'   ■  ,■     !    i    :   '  '  Li  n  lir 

let  out  ill  I  I     '        1       ,  ,   .:      ~       1        ,       .    s  is 

exactly  in   I :  '     I  ■•     ;'<■  lube  must  bo  inverted, 

the   thuhi!i   I  u.iwing  its  luider   sui-facc 

over  thr  i  :        >  i     .      >  >  ,-is  to  leave  as  much  as 

possible  I >i  ilm  iliiii  ili.il    uiliinviso  uiiclit  adhere  to 

it;  and  having  aUowcd  flic  si^lr,  i..  ,I,,hm    i,sl  l,o 

observed  how  many  parts  of  a  I  ■  ii  I  i  ,  if.  i  ;  il.llie 
numberof  which  will  indicate' Hi.  ,1,1,,,!.  .  -i  .inmni.f 
the  alkali  or  carbonate  oontaiuL-d  m  ihu  iUU  giaius  of 
the  impure  alkali  operated  with. 

The  proper  sti'engtb  of  the  acid  used  in  the  above 
process  may  be  ascertaiued  in  the  following  manner : 
crystals  of  bicarbonate  of  potassa  are  fused  in  a  plati- 
num crucible,  and  when  cold  a  portion  of  the  resulting 
solid,  70,  SO,  or  100  gi-ains,  is  to  be  weighed  in  water, 
thus  furnishing  a  known  weight  of  pure  carbonate  of 
potash  in  solution.  The  solution  is  then  to  be  dUuted, 
heated,  and  neutralized  by  acid  from  the  tidjc,  diluted 
as  before  described  from  the  mark  of  carbonate  of 
potassa.  If  it  be  found  that  as  many  parts  of  the 
acid  have  been  used  as  of  grains  of  the  carbonate 
weighed  out,  the  acid  is  of  proper  strength ;  if  more 
acid  has  been  used,  it  is  too  weak ;  if  less  has  been 
sufficient,  it  is  too  strong. 

A  process  of  neutralization,  quite  the  same  in  prin- 
ciple, may  be  adopted  for  the  pvu'pose  of  estimating 
the  strength  of  acids.  This  is  called  Acidivietry. 
Acetic  acld  is  frequently  estimated  in  this  way,  both 
because  its  specific  gravity  varies  very  little  with  its 
strengtli,  and  because  it  is  mucli  used  in  the  arts  in 

between  tl  ■•  ■•.:   '     '  ■  '     :!■■,■..,■,  '■,'  .n,!  .•.•l.matp 

of  limo.  In  1!,    ,.     :  .,,.,,   ,   ,   i, ,,sof 

marble,  llir  innm;  n  ,■  il;  .!■,  i  .1  ■,  ''  ,  ■  ^nr  ■  .  ■  |i;-ess 
the  quantity  of  pure   acid  pn       n        1  >   I  niirr 

hydrochloric,  nitric,  and  any  m:         .    I  '     l.-inis 

a  neutral  soluble  salt  with  lin  ■  ,  !  ,  '  ntna, 
and  its  strength  become  known,  i  Im-,  Ini  ram  grains 
of  the  acid  be  put  into  a  basin  or  flask  with  100  gi-aius 
of  marble,  in  fragments,  and,  after  the  first  cfTcrves- 
cence  is  over,  warmed,  and  the  neutrality  ascertained 
by  test  papers ;  the  solution  is  then  to  be  poured  off, 
and  the  remaining  pieces  of  marble  washed,  dried, 
and  weighed.  The  number  of  gi-ains  of  carbonate  of 
lime  dissolved  in  hydrocldorio  acid,  multiplied  by 
0.74,  iudicate  the  number  of  grains  of  dry  acid  by 
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which  it  has  been  Llissolved ;  aud  the  number  dissolved 
in  nitric  acid,  multiplied  by  l.OS,  also  represent  the 
Bqiiivaleut  of  dry  nitric  acid,  or  the  quantity  present 
ii!  the  solution  submitted  to  experiment. 

ALKANET.  A  fine  red  dye,  obtamed  from  the 
roots  of  a  kind  of  bugloss  {Aiichusa  tindoria),  largely 
cidtivated  about  the  neighbourhood  of  MontpeUier, 
and  in  some  other  parts  of  Prance.  The  dye  is  pro- 
cured solely  from  the  bark  of  the  roots,  therefore 
young  plants,  in  wliich  there  is  more  bark  in  propor- 
tion to  the  bulk  of  the  root  than  in  old  ones,  are  the 
most  valuable.  The  colour  is  yielded  readily  to  alcohol 
and  to  all  unctuous  substances,  but  to  water  it  yields 
only  a  dull  bro-mi  colour.  The  principal  use  of  alkanet 
is  to  colour  ointments,  lip-salve,  pomade,  &c.  The 
spirituous  tincture  is  also  employed  in  staining  wliite 
marble. 

ALLOY.  Chemistry  has  made  us  acquainted  with 
about  forty-three  metals,  of  which  not  more  than  twelve 
are  of  great  and  estensive  use  in  the  industrial  arts. 
These  are  iron,  copper,  lead,  tin,  silver,  gold,  mer- 
cury, zinc,  platinum,  arsenic,  antimony,  and  bismuth. 
In  tins  limited  list  platinum  is  always  employed  in  a 
pm-e  state;  iron,  copper,  lead,  tin,  silver,  gold,  and 
zinc,  are  also  employed  in  certain  cases  in  their  pure 
state ;  but  in  all  those  applications  where  hardness  is 
a  desirable  quality  two  or  more  metals  are  combined, 
so  as  to  form  an  alloy.'  Arsenic,  antimony,  and  bismuth 
arc  too  brittle  to  be  used  in  a  pure  state. 

Although  the  number  of  useful  metals  is  so  limited, 
the  number  of  alloys  admits  of  bemg  increased  to 
almost  any  extent.  Thousands  of  alloys  are  possible, 
but  hitherto  not  more  than  two  or  three  hundred 
have  been  made ;  and  of  tliis  number  not  more  than 
about  sixty  have  been  studied  with  care.  As  it  is 
impossible  to  predict  the  properties  of  a  new  alloy,  it 
remains  for  the  scientific  chemist  or  the  manufacturer 
to  add  to  our  knowledge  on  this  interesting  subject. 

An  alloy  may  be  regarded  as  a  new  metal,  since  it 
does  not  always,  or  even  generally,  represent  the 
properties  of  its  component  parts,  or  the  mean  of 
those  properties,  which  it  would  do  if  it  were  a  me- 
chanical mixtui-e,  as  it  is  sometimes  stated  to  be. 
The  power  of  forming  alloys  is  highly  valuable  to  the 
manufacturer,  because  it  enables  him  to  create,  as  it 
were,  a  new  metal,  adapted  to  some  of  those  special 
wants  wliich  advancing  civilization  is  constantly  sug- 
gesting to  mankind.  TOieu,  for  example,  the  idea  of 
printing  with  movable  types  had  been  cleai-ly  con- 
ceived, the  most  obvious  metals  for  the  purpose  were 
iron,  copper,  tin,  and  lead.  But  the  first  two  were 
found  too  hard,  and  cut  the  paper  pressed  upon 
them;  the  other  two  were  too  soft,  and  were  flat- 
tened under  the  action  of  the  printing  press.  At 
length  it  was  discovered  that  by  making  an  alloy  of 
i  part  antimony,  and  3  or  4  of  lead,  a  new  metal  was 
produced,  harder  than  lead,  and  softer  tlian  iron  and 
copper,  and  which  fulfilled  ad  the  conditions  required. 
It  is  stated  by  most  writers  on  this  subject  that 
type-metal  expands,  instead  of  contractiug,  in  passing 


I  from  the  fluid  to  the  solid  state ;  and  that,  were  it 
not  for  this  property,  type  could  not  be  oist  in  a 
mould,  but  that  each  letter  must  be  cut  separately, 
thereby  increasing  the  expense  of  printing,  perhaps  a 
hundredfold,  and  diminishing  the  benefits  of  this 
glorious  art  in  a  far  greater  proportion. 

The  Editor  has  recently  been  led  to  doubt  this 
statement,  from  the  circumstance  that  the  French 
stereotype  casters  cast  their  plates  -nith  the  moulds 
in  a  vertical,  instead  of  a  horizontal,  position,  thereby 
getting  a  hydrostatic  pressure,  which  assists  in  fUliug 
up  the  mould,  and  producing  the  sharpness  requiixd. 
In  the  usual  method  of  casting  type,  the  mould  for 
each  letter  consists  of  two  pieces  of  steel,  kept 
asunder  by  means  of  a  spring,  but  fitting  accurately 
together  when  the  spring  is  pressed  between  the 
thumb  and  fingers.  This  mould  is  held  in  the  left 
hand  of  the  caster ;  with  an  iron  spoon  in  the  right 
hand  he  takes  up  a  portion  of  the  melted  metal, 
pours  it  into  the  mould,  gives  it  a  sudden  upward 
jerk,  in  order  tliat  the  metal  may  penetrate  every 
portion  of  the  mould ;  at  the  same  instant  he  closes 
the  mould  upon  the  fluid  mass,  still  further  com- 
pressing it,  and  suddenly  causing  it  to  solidify  by 
contact  with  the  two  comparatively  large  masses  of 
metal  which  form  the  two  sides  of  the  moidd.  He  then 
relaics  the  spring,  and  shakes  out  the  solid  type.  In 
this  way  eight  or  ten  letters  are  cast  per  minute. 

Now,  in  this  operation,  the  fluid  type-metal  is 
made  to  undergo  two  distinct  acts  of  compression, 
first  by  the  jerk  of  the  mould,  and  secondly  by  closing 
the  mould  upon  the  flmd  mass,  so  as  to  compress  it 
into  a  somewhat  smaller  space  than  it  would  other- 
wise occupy ;  and,  wlule  thus  compressed,  the  mass 
of  metal  surrounding  it  chills  it,  and  causes  it  to 
solidify.  It  is,  we  thiuk,  to  this  cii-cunistance  that 
the  sharpness  of  tyjie  is  owing,  and  not  to  its  ex- 
panding in  the  act  of  coolmg.  There  seems  to  be  no 
doubt  that  type-metal  does  not  contract  in  cooling  so 
much  as  either  of  its  constituents  in  passing  sepa- 
rately from  the  fluid  to  the  solid  state ;  but  that  it 
does  contract,  aud  not  expand,  seems  to  be  proved 
by  the  fact,  that  when  small  globules  of  molten  type- 
metal  cool,  they  leave  a  small  cup  or  indentation  at 
the  upper  part.  The  Editor  has  undertaken  some 
experiments  to  determine  this  interesting  point,  and 
will  state  the  results  in  a  futui-e  article. 

In  filling  up  and  bringing  into  contact  the  neigh- 
bouring parts  of  machinery,  such  as  round  the  brass 
in  the  heads  of  some  screw-presses,  lead  is  found 
not  to  answer,  on  account  of  its  great  contraction  in 
cooling;  but  the  alloy  of  lead  and  antimony  answers 
very  well :  not,  as  we  think,  because  it  expands  in 
cooling,  but  because  it  does  not  contract  so  much 

lead  alone. 

Li  the  example  of  type-metal  we  see  that  the  pro- 
perties of  the  two  metals  are  greatly  modified.  Lead 
is  a  soft,  malleable  metal ;  antimony  is  hard,  brittle, 
aud  crystalline.  The  alloy  is  flexible,  harder  iLiu 
lead,  and  softer  than  antimony ;  but,  by  varying  tlie 
proportions  of  the  two  metals,  the  properties  of  the 
alloy  become  varied  also.     6  parts  lead  to  1  of  anti- 


niony  produce  an  alloy  used  for  large,  soft  printers' 
types ;  3  of  lead  and  1  of  antimony  iiniduca  I  he  metal 
of  the  smaller  types :  the  former  \.  ill  ii  .  i  l.'iily, 
but  the  latter  is  very  hard  and  lii  ■  i  .! 

bend  at  all.  With  larger  prop<jiiiM::  ;  I  ;  :i.  .- 
ible  alloy  is  obtained,  adapted  tu  li.u  tliL.r.l;.;.,  uf 
ships.  In  these  examples  the  properties  of  the  alloy 
are  modified  by  the  properties  of  the  constituent 
metals :  when  the  soft  load  prevails,  the  alloy  re- 
sembles lead;  by  increasing  the  proportion  nf  iinll 
mony  the  aUoy  becomes  harder  and  mon 
With  i  of  lead  and  1  of  antimony  the  fii'  ■ 
the  resulting  alloy  is  not  reluctant  like  leid,  n'l 
foliated  Like  antimony,  but  is  nearly  of  the  grain  and 
colour  of  some  kinds  of  steel  and  cast-iron.  So  also 
in  alloys  of  tin  and  lead,  the  former  contributes  to 
the  alloy  some  of  its  hardness,  whiteness,  and  fusi- 
bility in  proportion  to  its  quantity,  as  in  the  various 
kinds  of  pewter ;  but  in  tliis  alloy,  copper  and  some- 


d  1  p; 


:>ugh,  ri 


used  in  brass  ordnance,  and  called  ffun-yiietal ;  it 
admits  of  neither  rolling  nor  drawing.  By  increasing 
the  proportion  of  tin,  which  is  much  softer  than 
copper,  we  actually  increase  the  hardness  of  the  alloy. 
One-sixth  of  tin  produces  the  maximum  degree  of 
hardness.     With  one-foui-th  of  tm  the  liiglJy  elastic 

and  ^ i-i;^   /  '■   ;,/,//  is  produced,  in  wliioh   the 

bull''  I     ',r     ii  111  ihe  hardness  is  increased.     2 

Iiiiii  i  .'I',  :l  I  j  1, 1  rt  tin  produce  an  alloy  so  hard 
thai  II  mil  1-1  !.:■  .  ut  with  steel  tools,  but  crumbles 
under  their  action;  when  struck  with  a  hammer,  or 
even  suddenly  warmed,  it  flies  in  pieces  like  glass, 
and  displays  a  highly  crystalline  structure.  It  has  no 
trace  of  the  red  colour  of  copper,  but  is  quite  white, 
and  lakes  an  exquisite  polish,  not  greatly  disposed  to 
tarnish :  this  is  the  specidnm-metal,  used  in  reflectmg 
telescopes. 

Two  parts  copper  and  one  part  lead  produce  an  in- 
ferior metal  named  pot-metal  or  cock-metal,  wliich  is 
so  soft  as  frequently  to  be  broken  in  diivhag  a  tap 
into  a  beer-cask. 

Copper  and  lead  do  not  combine  so  readily  as 
copper  and  zinc ;  for  if  the  moidds  bo  opened  before 
the  castuigs  become  cold  the  lead  wiU  ooze  out,  and 
appear  on  the  siu'face  in  globules.  The  same  thing 
happens  to  a  less  extent  in  gun-metal,  where  the  tin 
"  strikes  to  the  surface,"  and  renders  it  particidarly 
hard  at  those  parts,  from  an  increased  proportion  of 
tin.  Moulds  of  brass,  on  the  contrary,  may  be  opened 
whUe  red-hot. 

The  properties  of  an  alloy  may  also  be  varied  by 
the  addition  of  a  sundl  quantity  of  a  thii-d  metal. 
For  example :  brass  is  an  alloy  of  copper  and  zinc ; 
but  the  best  kind  of  brass  for  turning  at  the  lathe  is 
made  by  the  addition  of  a  small  quantity  of  lead. 
Tins,  however,  renders  it  unfit  for  hammering,  just  as 
brass  without  lead  is  unfit  for  turning. 
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Allays  are  formed  in  various  ways.  Alauy  are 
prepared  by  fusing  the  two  metals  m  a  covered  cru- 
cible ;  but  if  the  metals  differ  considerably  in  specific 
gravity,  the  heavier  one  will  often  sink,  and  the  lower 
part  of  the  bar  or  ingot  will  differ  in  composition 
from  the  upper.  This  may,  to  a  great  extent,  be 
prevented  by  stirring  the  alloy  with  a  rod  of  pottery 
ware  until  it  solidifies.  An  aUoy  of  gold  and  copper 
cast  into  bars,  the  moulds  being  placed  perpendicu- 
liil\,  ii  was  found  that  the  upper  part  of  the  bar 

1  more  copper  than  the  lower.     Copper  and 

iii  [lear  to  combine  easily;  but  it  is  very  diifi- 
.11  !i  III  form  a  bar  of  then-  alloy  of  perfectly  xuuform 

In  casting  large  bells  and  cannons  the  bottom  of  the 
casting  will  sometimes  contain  too  much  copper,  and 
the  top  too  much  tin.  In  such  case  the  objects 
must  be  broken  and  remelted,  and  this  second  fusion 
often  coiTects  the  defects  of  the  first.  In  most  alloys 
of  three  metals  it  is  best  to  combine  them  first  in 
pairs,  and  then  to  fuse  these  paii-s  together.  Por 
example,  it  is  not  easy  to  unite  u-on  and  bronze  by  a 
tlireet  method ;  but  if  tioned  iron  and  bronze  be  fused 
together,  they  unite  readily.  When  lead  is  to  form 
part  of  the  composition  of  brass,  it  is  better  to  melt 
the  lead  and  the  zinc  together,  and  then  to  add  this 
alloy  to  the  meltuig  copper. 

■UHienthe  component  parts  of  an  alloy  are  separately 
fused  and  mingled  together,  great  heat  is  gcnei-iUy 
evolved :  thus,  when  zinc  and  copper  are  suddenly 
mixed,  in  the  proportion  to  form  brass,  the  increase 
of  the  heat  is  so  great  as  tov^ipni!/.   [  ul  <  f  \\.<-  /inc. 

The  specific  gravity  of  an  all.'  i    .    i'     .  .  im 

of  its  component  parts.  In  s..  .  .  .  -  .  !  .  i.  ,.  :ni 
increase  of  deiisitv;  inotlieis  ;i  :.  ..■h.ii  hi  Ihe 
following  till.'.,  ;.|.:.ii'.l   1,1  ■    I'r  listoullic 

left  hand  ..  :  ne  a  greater 

specific  gr;i\  I'       .'"i   I    ■    II'     ■       I.I   Ii  I    Ihose  which 

components. 


Platinum  and  niolybiJenum. 
PaUadium  and  Ijismuth. 

Alloys  conduct  heat  and  electricity,  but  less  per- 
fectly than  the  pure  metals  of  wliieh  they  are  formed. 
Alloys  are  in  general  less  ductile  than  the  more  ductile 
of  their  constituents.  Alloys  formed  of  ductile  metals 
are  either  brittle  or  ductile.  When  formed  in  nearly 
equal  proportions  of  their  constituents,  there  are  as 
many  ductile  as  there  are  brittle  alloys ;  but  wheu 
one  of  the  metals  of  an  alloy  greatly  predominates, 
it  is  usually  ductile.     By  combining  ductile  metai'i 


witU  brittle  ones,  brittle  alloys  are  usually  formed,  if 
the  brittle  metal  predominates,  or  even  if  its  propor- 
tion be  about  equal  to  that  of  the  ductile  metal.  But 
when  the  duotUe  metal  is  mueh  greater  than  the 
brittle  one,  the  alloy  is  nearly  always  ductile.  All 
aUoys  formed  of  brittle  metals  are  themselves  brittle. 
Lead,  tin,  or  zinc,  alloyed  with  the  less  fusible 
metals,  copper,  gold,  aud  silver,  produce  alloys  less 
malleable,  when  cold,  than  the  superior  metal,  and, 
when  heated  barely  to  redness,  they  fly  to  pieces 
under  the  hammer:  hence,  brass,  gun-metal,  &c., 
when  hot,  require  cautious  treatment.  Muntz's 
patent  metal,  wliich  is  a  species  of  brass,  can,  how- 
ever, be  roUcd  at  a  red  heat ;  but  it  must  be  remem- 
bered that  the  action  of  rollers  is  far  more  regular 

than  that  riF  tin   l;:,i i ,  .nid  soon  gives  rise  to  the 

■II  uniformly  distributed, 


is  thetlr,,:,  ,      .  , 

The  sliTn.il,  ,  I 
greatly  superior  t.. 
the  relative  weights 
one  inch  square  u( 
given  in  the  subjoii 
iiivestigalious  :— 
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These  results  show  that  theory  and  practice  agree 
in  assigning  the  proportion  of  G  to  1  as  the  strongest 
alloy.  The  most  reflective  mixture  is  the  weakest 
but  one,  its  strength  being  only  one-third  to  one-sixth 
that  of  tin,  or  one-twentieth  that  of  copper,  which 
latter  metal  constitutes  two-thirds  its  amount. 

In  the  following  alloys,  which  are  the  strongest 
of  their  respective  groups,  the  tin  is  always  four  times 
the  quantity  of  the  other  metal ;  and  they  all  confirm 
the  remarkable  fact  that  alloys  have  for  the  most 
part  a  greater  degree  of  cohesion  than  the  stronger 
of  their  constituents. 

strength  of  Alloys. 


All  the  metals,  even  the  most  refractoiy,  which 
can  scarcely  ho  fiised  in  a  crucible  at  the  greatest 
heat  of  the  furnace,  melt  down  with  ease  when  sur- 
romided  by  the  more  fusible  metals.  The  sui-faces  of 
the  superior  metal  are  dissolved  or  washed  down,  layer 


by  layer,  until  the  whole  becomes  hquetied.  Thus 
nickel  is  nearly  as  difficult  of  fusion  as  iron ;  but  it 
is  usefully  employed  with  copper  in  German  silver,  to 
which  it  gives  whiteness  and  hardness,  and  renders 
the  alloy  less  fusible.  Platinum  is  a  very  refractory 
metal,  being  infusible  at  the  highest  heat  of  a  furnace ; 
yet  it  combines  so  readily  with  zinc,  tm,  and  arsenic, 
that  it  is  dangerous  to  heat  one  of  those  substances 
in  a  platinum  spoon,  for  an  alloy  would  probably  be 
formed,  and  the  spoon  spoUcd. 

Alloys  are  without  exception  more  fusible  than  the 
superior  metal  which  enters  into  their  composition. 
Hard  solders  are  usually  made  of  the  same  metal  they 
are  intended  to  join,  with  the  small  addition  of  a 
more  fusible  metal.  It  may  even  be  said  that  the 
fusing  point  of  an  alloy  is  generally  lo^vrr  thin  tli.it 
of  the  less  fusible  metal  which  enters  1  •      ■ 

position.     When  the  constituent  mctaK  :  ! 

the  same  fusibility,  the  alloy  still  ftisrs  ji  ,  i.  „  ;  .  i  , 
ture  lower  than  the  fusing  p<iiii!  ,4  i'  i  ;  .  i  .  I 
metal.    An  alloy,  very  reuiai  I  .      ■      .  ; 

biUty,  is  formed  by  oombiiim  ;  n:  <  i  :  :  n  i!' 
with  5  of  lead  and  3  of  tin.  'ih:^  ill-\  In  ■  <  m 
boiling  water,  and  even  in  water  at  the  ttmpcraturc 
of  198°  or  200°  Fahr.  Aud  yet,  if  we  calculate  the 
fusing  point  by  taking  the  mean  of  the  fusing  points 
of  the  constituents  multiphed  into  their  mass,  this 
will  give  520°,  for  bismuth  melts  at  500°,  lead  at 
eOO°,  and  tin  at  442°,  and 

8  X  500  -f  5  X  GOO  +  3  X  442 
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Sir-  Isaac  Newton  was  the  discoverer  of  this  re- 
markable alloy,  which  is  called  fusible  metal.  His 
proportions  were  5  parts  bismuth,  3  parts  tin,  aud  2 
parts  lead.  13y  combining  these  three  metals  in 
various  proportions,  alloys  are  formed  of  various 
degrees  of  fusibility  above  and  below  the  temperature 
of  boiling  water.  Safety-plugs  for  steam-hoUers  have 
been  formed  iu  this  way.  A  hole  made  in  the  boiler  is 
stopped  with  one  of  these  plugs,  and  it  was  supposed 
that  if  from  any  cause,  such  as  the  derangement  of 
the  safety  valve,  steam  above  the  usual  temperature 
and  pressure  be  formed,  it  would  fuse  the  plug  of 
fusible  metal,  and  thus  force  its  way  out  through 
the  aperture  instead  of  bursting  the  boiler.  [See 
Bismuth.]  If  mercury  be  added  to  the  constituents  of 
fusible  metal,  the  alloy  is  still  more  fusiljle,  and  is 
sometimes  used  for  filling  the  hollows  of  decayed  leeth, 

Wlieu  an  alloy  is  left  to  itself  after  having  been 
fused,  it  solidifies  and  crystaUizes  in  a  confused 
mamier,  aud  often  separates  into  different  layers  of 
varying  degrees  of  density. 

In  exposmg  an  alloy  which  contains  a  volatile 
metal  to  a  heat  greater  than  that  which  is  necessary 
to  fuse  it,  it  is  in  some  cases  decomposed,  bu  t  generally 
not  completely.  A  portion  of  the  volatile  metal  is 
driven  off,  but  a  portion  also  stiU  remains,  and  forms 
a  stable  compound  with  the  less  volatile  metal. 

Alloys  are  in  general  less  acted  on  by  the  atmo- 
spheric air,  than  the  metals  of  which  they  are  com- 
posed. There  are,  however,  certain  exceptions,  as 
for  example,  phunber's  solder,  which  contains  2  parts 


lead  auJ  1  part  tin,  bums  at  a  red  heat,  and  witli 
3  parts  lead  and  1  part  tin  it  is  even  more  com- 
bustible. An  alloy  of  antimony  and  iron  is  so  easily 
set  on  fire,  that  the  mere  action  of  the  file  is  suffi- 
cient tor  the  puipose.  An  alloy  of  clu-oinium  and 
lead  ^vill  sometimes  take  fire  spontaneously  by  mere 
exposure  to  the  air,  and  always  at  a  slight  elevation 
of  temperature. 

When  an  alloy  is  formed  of  a  metal  which  absorbs 
oxygen,  and  another  which  is  not  oxidizable,  the  first 
may  be  converted  into  an  oxide,  and  the  second 
retains  its  metallic  state.  This  is  one  of  the  methods 
adopted  for  separating  silver  from  lead.  If  both  the 
metals  of  an  alloy  absorb  oxygen,  both  may  be  con- 
verted into  oxides ;  but  if  one  of  the  two  oxidizes 
more  readily  than  the  other,  the  latter  may  be  sepa- 
rated almost  iu  a  pure  state  by  suspending  the  ope- 
ration at  a  certain  poiat.  In  this  way  copper  may 
be  separated  from  tin. 

In  forming  an  alloy  it  is  often  necessary  to  protect 
one  or  both  of  the  metals  from  the  action  of  t]ie 
atmosphere.  Thus  in  combining  tin  and  lead,  resLu 
or  grease  is  usually  put  on  the  surface  of  the  melting 
metals.  In  combining  tin  with  iron,  as  hi  tinning 
ca^jt-iron  kettles,  &c.,  sal-ammoniac  is  rubbed  upon 
the  sm-faces  of  the  hot  metals  in  contact  with  each 
other,  and  thus  the  an-  is  excluded ;  whUe,  if  any  oxide 
is  foi-med,  it  combines  with  the  acid  in  the  sal  ammo- 
niac, and  the  surface  of  the  metal  is  kept  bright.  [Sec 

SOMJERING.] 

ALUM  is  a  double  salt,  of  great  use  in  the  arts, 
especially  for  preparing  mordants  in  dyeing  and  calico- 
printing.  It  is  also  used  in  preparing  and  preserving 
skins ;  iu  candle-making,  for  hardening  and  whitening 
the  tallow;  in  paper-hanging  it  is  mixed  with  the 
paste ;  and  it  is  also  of  use  in  pharmacy. 

The  word  tilume/i  occurs  in  Pliny's  Natural  History, 
iu  which  it  is  stated  that  different  substances  were  so 
named,  all  characterised  by  a  certain  degree  of  astrin- 
geney,  and  all  employed  in  dyeing  and  in  medicine. 
It  has  been  supposed  from  Pliny's  account  that  the 
alum  of  the  ancients  was  sulphate  of  ii-on  or  sulphate 
of  alumuia,  or  a  mixture  of  the  two.  The  ancients 
do  not  seem  to  have  been  acquainted  with  oiu-  alum. 
It  appears  to  have  been  first  manufactured  in  the  East, 
but  at  what  place  or  period  is  not  known.  About 
four  or  five  hundred  years  ago  there  was  a  manu- 
facture of  alum  at  Rochha,  the  Turkish  name  of  the 
govermnont  which  comprehends  Edcssa,  whence  the 
name  roc/i  or  rock  alum,  still  in  use.  It  was  also 
manufactured  near  Smyrna  and  Coustautinople.  The 
first  alum  works  iu  Europe  arc  said  to  have  been 
esra^blished  m  1460,  at  Tolfa,  about  6  miles  from 
Civita  Vccehia,  m  the  territory  of  the  Pope.  The 
first  alum  works  established  in  England  were  at 
Gisborongh,  in  Yorkshire,  in  the  reign  of  Elizabeth. 
Permant  says  that  they  were  first  discovered  by  Su- 
Thomas  Chaloner,  "who  observing  the  trees  tinged 
with  an  unusual  colour,  made  him  suspiciuus  of  its 
bcmg  owing  to  some  mineral  in  the  neighbourhood. 
He  foimd  out  that  the  strata  abounded  with  an 
aluminous   salt.     At   that  tune   the   English  being 


strangers  to  the  method  of  managing  it,  there  is  a 
tradition  that  Sir  Thomas  was  obliged  to  seduce  some 
workmen  from  the  Pope's  alum  works  near  Rome, 
then  the  greatest  in  Europe.  If  one  may  judge  from 
the  curse  wliich  his  holiness  thundered  out  against 
Sir  Thomas  and  Ms  fugitives,  he  certainly  was  not  a 
little  em-aged,  for  he  cui-sed  by  the  very  form  that 
Emulphus  has  left  us,  and  not  varied  a  tittle  from 
that  most  cninprchcnsivc  of  imprecations.  The  first 
pits  wr-rr  1  r  ;r  r;:,!,,  ,,  .,■_!-,  '.\x  •,  ,'  ,.f  the  Chaloners, 
who.^fi'l''  '  ii,!,  '.  ■■'  1  iiuiiin- his  hohness's 
anafhrii,  i        ,  \  ■      ■    ■  .ill cr  this,  that  in 

later  iinn  -  i  i,r  i  ■  ■  .i  >  !<.-  .1  i  Ir  I'.niilish  alum  works 
farmed  tlioic  of  tlic  apostolic  clianibcr,  and  increased 
in  various  ways  the  benefit  derived  from  them.' 

The  constituents  of  alum  are  sulphmio  acid, 
alumina,  an  alkali  and  water.  The  alkali  may  be 
potash,  soda  or  ammonia.  Hence  there  are  three 
distinct  kinds  of  ahmi,  depending  on  the  alkali 
employed.     In  tliis  country  potash  alum  is  the  kuid 

in  different  part-  .  :  ,  Sunth 

America,    where    s^iii      ;i':ii"  '     ■      i  ir|!laccs 

potash;  for  instead  of  nitmi-   .  :  ,r  i  uccairs 

in  many  parts  of  the  old  11:1  •' .  '■  1  >■  large 
deposits  of  nitrate  of  soda  in  "        1   \    ■     ■ 

In  alum  works  the  most  iaih-rani  lanaials  cm- 
ployed  in  extracting  the  salt,  arc  uluui  stom',  alum 
slate  and  bituminous  shale.  The  processes  vary  ac- 
cording to  the  nature  of  the  mineral.  Alum  stoue 
is  of  a  white  or  greyish  colour,  and  sometuncs 
yellowish  wlute.  It  eontauis  all  the  constituents  of 
aliuu.  In  the  works  at  Tolfa  it  is  obtained  by 
blastmg  v.ith  gunpowder.  If  the  stone  be  kept 
constantly  moistened  with  water  for  about  two 
months,  it  will  fall  to  powder  and  yield  alum  by 
Hxiviation.  This,  however,  is  not  the  method 
adopted.  The  alum  stone  is  broken  mto  smaU 
pieces,  and  piled  on  the  top  of  a  perforated  dome, 
within  which  a  wood  fire  is  kinfUed.  As  the  roasting 
proceeds  a  sulphurous  odour  is  disengaged,  owing  to 
the  decomposition  of  a  portion  of  the  sulphuric  acid 
of  the  stone.  The  roasting  is  perfonned  twice,  the 
pieces  of  ore  which  were  at  the  edge  dm-ing  the 
first  roasting  being  put  into  the  middle  during  the 
second  roastmg.  The  heat  requires  to  be  carefully 
regidated,  for  if  too  strong  the  calcined  stone  will 
not  yield  any  alum,  and  if  not  strong  enough,  the 
stone  docs  not  readily  fall  to  powder.  Piy  this  ope- 
ration till'  >-"\\r   a,  MiiiM  ,   a   II. Ill  li    colour.     It   is 

and  s]irii:.  '    i    :  '  .1  1.  I '  lays  to  be  kept 

moist.  Ill  I  '.'I  ■'!■  1'  :•■'.  il  ,  ■  :t  f.il's  to  powder,  but 
the  watering  is  coutiuuid  every  day  for  a  month. 
The  powder  thus  produced  is  then  thrown  mto  a 
leaden  boiler  fiUed  about  two-thirds  with  water.  It 
is  frequently  stirred  diu^mg  the  boiling,  and  water  ia 
added  as  the  evaporation  goes  on.  Wlicn  the  solution 
is  complete  the  fire  is  withdrawn,  and  the  eanby 
matters  allowed  to  subside.     A  cock  is  then  opened, 


and  the  dear  liquor  i.k:iwu  off  into  deep  wooden  : 
sciuare  vessels,  so  constructed  as  to  be  easily  taken 
to  pieces.  In  these  vessels  the  alum  gradually 
crystallizes,  and  attaches  itseK  to  the  sides  and 
bottom  of  the  vessel.  The  mother  liquor  is  dra-mi 
off  into  shallow  wooden  troughs,  where  a  fresh  crop 
of  crystals  is  deposited.  The  liquor  is  now  of  a  red 
colour,  and  is  muddy,  and  the  last  crystals  are  mixed 
with  this  red  substance.  They  are  washed  clean,  and 
tlie  mother  liquor  is  pumped  up  into  a  trough,  and 
used  in  subsequent  processes.  The  alum  thus  pro- 
duced is  named  Roman  alum,  and  is  higlily  esteemed 
on  account  of  its  superior  pui-ity,  some  other  kinds 
of  alum  being  contaminated  by  the  presence  of  iron. 
Roman  alum  is  always  mixed  with  a  little  reddish 
powdery  matter,  wliich  is  easily  separated.  This  was 
probably  fu-st  derived  from  the  mother  liquor,  and 
was  popularly  esteemed  as  a  proof  of  the  aluni  being 
genuine.  Hence,  Dr.  Thomson  supposes  that  the 
manufacturers  add  a  red  powder  to  the  article  after 
or  during  the  process  of  manufacture. 

Alum  slate  is  a  much  more  abundant  mineral  than 
alum  stone.  It  occurs  abundantly  with  transition 
slate,  and  is  found  at  "\^luthy,  and  other  parts  of 
Great  Britain.  The  alum  district  of  "Wliitby  consists 
of  precipitous  cliffs,  bordering  on  the  sea,  and  extend- 
ing to  a  distance  of  about  thirty  miles  along  the  coast 
of  the  German  Ocean.  It  is  a  slaty  rock,  but  some- 
limes  occurs  in  balls ;  it  is  of  a  bluish-black  colour, 
mth  a  strong  shade  of  grey.  On  exposure  to  the  air, 
it  cfflorcscos,  and  acquires  an  aluminous  taste.  Being 
dilfrii  111  ill  r  r,,j:,,-iiiiiii  to  aluHi  stouc,  it  requires  a 
dill'  ::,'':>  i'  111  the  mamd'aoture  of  alum  from 

i',      1;    :  h  lime  or  magnesia,  it  does  not 

nn--Mri  i','  piiii-  .■  of  the  manufacturer.  The  essen- 
tial ingredionts'  arc  alumina  and  ii-on  pjTites.  The 
first  process  is  to  roast  tlie  ore.  In  Sweden,  where 
the  alum  slate  itself  contains  a  large  quantity  of  com- 
bustible matter,  it  is  used  as  fuel  in  the  roasting.  A 
thin  layer  of  brushwood  is  fii-st  covered  with  pieces  of 
alum  slate,  and  set  on  fire  :  as  the  combustion  proceeds, 
new  layers  of  alum-slate  are  added,  in  alternate  layers 
of  roasted  and  um-oasted  ore.  At  Whitby,  coal  is 
used  as  fuel.  Tlie  effect  of  this  operation  is  to  de- 
compose the  pyrites,  to  convert  the  sulphur  into 
sulphuric  acid,  and  to  oxidize  the  iron.  The  ore  is 
then  washed  with  water,  to  dissolve  the  sulphate  of 
iron  and  the  sulphate  of  alumina.  For  this  purpose, 
it  is  put  into  reservoirs  of  wood  or  of  masonry,  and 
the  water  is  left  during  twelve  hours  to  act  upon 
ore  that  has  been  twice  lixiviated;  the  solution  is 
then  drawn  off  by  a  stop-eoek  in  the  bottom  of  the 
reservoir,  and  allowed  to  remain  twelve  hours  on 
ore  that  has  been  once  lixiviated.  It  is  then  left 
for  twelve  hours  upon  fresh  ore.  The  solution  is 
now  saturated  with  sulphate  of  alumina  and  sulphate 
of  iron,  and  has  a  specific  gravity  of  1.25  at  the 
temperature  of  55°.  The  liquor  is  next  boiled  in 
leaden  vessels  to  the  crystallizing  point.  In  Sweden, 
the  alum  slate  is  used  as  the  fuel,  whereby  the  double 
purpose  is  served  of  evaporating  the  liquor  and  roasting 
the  ore.   During  the  boiling,  oxide  of  U'on  falls,  mixed 


with  sulphate  of  lime,  u"  lime  be  present.  When  sulE- 
ciently  concentrated,  the  liquor  is  let  into  square 
reservoirs,  to  crystallize.  Large  quantities  of  crystals 
of  sulphate  of  iron  are  deposited,  and  these  are  col- 
lected by  drawing  off  the  liquor  into  another  reseiToir. 
When  all  the  sulphate  of  iron  that  can  be  separated 
in  this  way  is  removed,  a  quantity  of  sulphate  of 
potash,  hydrochlorate  of  potash,  or  of  putrid  urine,  is 
mixed  with  the  liquor.  By  this  addition,  aliun  is 
formed  in  the  liquor,  and  it  gradually  deposits  itself 
in  crystals  on  the  sides  of  the  vessel.  These  crystals 
are  collected,  and  dissolved  in  as  small  a  quantity  of 
boding  water  as  can  be  used  for  the  purpose,  and  the 
solution  is  poured  into  large  wooden  casks.  In  two 
or  three  weeks,  the  crystals  of  alum  cover  the  sides 
and  bottom  of  the  vessel.  The  hoops  are  then  taken 
off,  and  the  staves  of  the  casks  removed,  and  an 
enormous  mass  of  alum  crystals,  of  the  shape  of  the 
cask,  is  left  standing,  as  in  Kg.  26.   Tlie  mass  is  then 


pieiccd,  to  allow  the  mothei  hquoi  to  run  out. 
This  is  reserved  for  another  operation,  and  the  alum, 
being  broken  to  pieces,  is  fit  for  the  market. 

Another  substance  from  wliich  alum  is  manufae- 
tured  is  bituminous  shale.  This  is  a  slaty  mineral, 
generally  accompanying  beds  of  coal,  and,  conse- 
quently, is  very  common  in  Great  Britain.  It  is  of  a 
brownish-black  colour,  and  when  heated,  bums  witli 
a  pale  flame  and  a  sulphurous  odour,  and  then  be- 
comes wliite.  In  the  large  alum  works  at  Campsie, 
near  Glasgow,  the  shale  is  extracted  from  the  old 
abandoned  coal-pits  in  the  neighbourhood,  which  are 
very  extensive.  This  shale  is  described  as  a  clay, 
mixed  with  some  coal,  and  with  that  variety  of  ii'on 
pyrites  wMch  undergoes  decomposition,  and  is  con- 
verted into  sulphate  of  iron  by  exposure  to  the  air. 
The  sulphate  of  iron  thus  forninl  irt^  s'r'.vlv  r,,i  (he 
clay,  and,  in  course  cf  tmie,  C'l       '     •  '  'ntc 

of  alumina.     During  a  long  ] in      i  i   ninl 

from  this  material  by  simple  li\  ■mImii  Miiii  wnicr; 
and  alargc  quantity  of  this  washed  slialr  accuiiiulatiiig- 


m  Ibe  uciglibouiliood  of  the  woikb,  it  was  subjected 
to  tlie  operutiou  of  bm-niiig,  and  thus  made  to  produce 
a  new  crop  of  alum. 

The  manufaetiu-e  of  alum  from  bituminous  sliale 
and  slate  clay  resembles  the  manufactui-e  from  alum 
slate.  In  the  old  coal-pits  above  alluded  to,  the  air 
is  moist,  and  the  usual  temperatiu-e  about  C2°.  The 
shale  thus  exposed,  during  many  years,  has  gradually 
opened,  in  the  direction  of  its  slaty  fracture,  so  as  to 
resemble  a  half-  shut  fan,  and  aU  the  clunks  are  filled 
with  a  saliue  efflorescence.  The  salt,  which  is  a 
mixture  of  sulphate  of  iron  and  siJphate  of  ahunina, 
is  white,  with  a  shade  of  green,  aud  has  a  sweetish 
astringent  taste.  The  salts  arc  dissolved  by  lixi^i- 
ating  the  shale  with  water.  The  lixiviated  ore  being 
left  exposed  to  the  weather  above  groimd,  forms  more 
salt,  which  is  gradually  washed  out  Ijv  the  rain,  and 
the  water  is  collect.,!  i.  I  i  .  1 1  l"  I  >i  use.  The 
liquor  is  conccntiat,  il  <  ■  K  of  stone, 

or  of  brick,  the  lu  it  I  i  cunent  of 

hot  air  blown  ovci  tlit  .ml  W  in  u  sufficiently 

hot,  potash  is  stirred  in,  which  convcits  the  sulphate 
of  alumina  into  alum.  Eormcrly,  chloride  of  potas- 
sium, a  refuse  of  the  soap-boilers,  was  used  for  the 
purpose;  but  of  late  jears,  at  least  at  Hiulet, 
near  Glasgow,  sulphate  of  ammonia,  from  the  licjuor 
obtained  from  the  gas-MoiLs,  has  been  used.  In 
general,  the  alum  made  at  Hui'let  contains  both  pot- 
ash and  ammonia;  but  the  manufacturer  can  supply 
it  free  from  potash.  Such  ammonia  alum  is  conve- 
nient to  chemists,  because,  when  it  is  heated  to  red- 
ness, every  tiring  is  driven  off  except  pure  alumina. 

Wlien  the  alkali  has  been  added,  the  liquor  is  let 
out  into  another  trough,  where  it  crystallizes  ;  but  as 
there  is  a  sulphate  of  iron  in  the  solution,  this  must 
be  got  rid  of;  and  the  method  of  doing  so  is  to  diav. 
off  the  mother  liquor  at  the  proper  time;  Ini  Mm 
alum  being  much  less  soluble  in  water  than  siil|,li  ,\r 
of  iron,  crystaUizes  first,  so  that  the  suljiliatc  nt  mm 
is  drawn  off  in  the  mother  liquor  wlule  stiU  in  solution 
The  first  crystals  of  aliun  are  impm-e,  and  of  a  yellow 
colour,  and  partly  impregnated  with  sulphate  of  iron 
These  arc  chssolved  in  hot  water,  and  the  solution  is 
poured  into  troughs,  where  it  crystallizes  a  second 
tune.  These  second  crystals  are  washed  repeatedly 
with  cold  water,  which  separates  any  remaining 
sulphate  of  ii'on;  for  this,  as  already  stated,  being 
much  more  soluble  in  water  than  alum,  dissolves  first. 
These  second  crystals  are  then  dissolved  in  hot  water, 
and  the  hot  concentrated  solution  poured  into  large 
casks,  the  surface  of  which  is  covered  with  two  cross 
beams.  As  the  liquor  cools,  a  vast  number  of  alum 
crystals  form  on  the  sides  and  sui-face.  The  casks 
are  allowed  to  remain  until  cold,  and  this  requires 
from  eleven  to  fom-teen  days.  The  alum  is  then  re- 
moved, and  is  ready  for  the  maiket.  The  impm-e  sul- 
phate of  iron  obtained  in  this  process  is  roasted  at  a 
strong  heat,  and  when  washed,  yields  more  alum.  The 
red  residue  is  ground  to  a  fine  powder,  and  when  dried, 
IS  used  as  a  Venetian-red  pigment.  By  altering  the 
temperature  at  which  it  is  dried,  a  yellcne  ochre  is 
obtained  instead  of  a  red. 
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and  open  on  all  sides.  In  abuul  ,i  m  lu.li 
sufficiently  penetrated  by  the  acid.  Thej 
removed,  and  exposed  to  the  action  of  the  : 
sheds,  wliuc  tlir  s-ituntinu  bceimips  more  i 
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tity  of  bulphuiic  aenl,  of  thi   spci  ific 

equal  to  the  weight  of  clay  employed. 

takes  place  with  great  facility,  and  crystals  of  alum 

are  obtained  by  evaporating  the  liquid. 

Another  method  is,  to  mix  100  paits  clay  with  50 
of  nitre  and  50  of  sulphuric  acid.  This  mixture  is 
put  into  a  retort  and  distilled  Aqinfnrtis  comes 
over,  and  the  residue  iu  the  1 1  f     t        '  1    i-iitid 

^vith  water  jields  excellent  .ilii        I  I       I    mtr 

took  out  a  patent  for  makiii„ 

Alum  prepared  by  any  nl  i'  <  >  •  is  a 
white  transparent  salt,  cryslallizid  iu  iimilu-  nclo- 
hrdrons  of  which  the  apices  are  more  or  less  trun- 
cated Fig  27  represents  a  group  of  crystals  from 
one    of   flie  fM'talliziiic   fibs   shown    in   Fi-    20. 


12  parts  of  alum  dissnUcd  in  boding  water  \i  ith  1 
part  of  slaked  lime,  yield  cubical  crystals  on  cooling. 
A  slight  addition  of  potash  to  a  solution  of  alum 
also  causes  the  formation  of  cubic  abim,  as  it  is 
called.  The  taste  of  alum  i.  -  ,.  i  i  1  i  n  _(iit, 
and  its  action  decidedly  acid    i  \  ith 

evolution   of  hydrogen  as  n  '  uiie 

acid.  Its  specific  gravity  is  1  ,  .'  1 1  i  1  m  s  iu 
about  15  parts  of  cold  water,  aud  m  about  its  o\™ 
weight  of  boilhig  water.  The  crystals  effloresce 
slightly  in  a  dry  atmosphere ;  when  heated  they  fuse 
in  their  water  of  crystallization  at  a  temperafui-a 


ALUJIINA—AMADOr— AMALGAM. 


below  212°,  and  when  this  water  is  driven  off  by 
licatiug  the  aluin  in  a  crucible,  it  swells  up  above  the 
Fig.  28.  mouth  of  the  crucible,  as  shown  in 

Fig.  28,  and  the  dry  alum  becomes 
opaque  and  spongy,  in  which  state 
is   called  lunit  alum.    Burnt 
alum  is  a  mild  escharotic. 

Crystallized  potash   alum  con- 
sists  of   1   atom   of  sulphate   of 
nina,  1  of  sulphate  of  potash, 
aud  2i  atoms  of  water  ;  or  of  1  of 
nina,  1  of  potash,   4  of  sid- 
——■'^~  pUuric  acid,  and  24  of  water. 

Aecorduig  to  McCuUoch,'  the  sliipments  of  alum 
from  "miitby,  in  1S41,  amounted  to  3,237  tons.  He 
estimates  the  produce  of  the  Hui-let  works  at  about 
1,200  tons  a  year.  Alum  is  lai'gely  manufactured  in 
China,  and  is  thence  exported  to  all  the  western 
Asiatic  countries.  In  1837,  2,120  tons  were  exported 
from  Canton. 

ALUMINA  is  an  eai-th  of  common  occun-ence  in  the 
mineral  kingdom,  in  a  state  of  silicate,  as  in  felspar  and 
its  associated  minerals,  and  in  the  various  modifications 
of  CLA.Y  thence  derived.  It  is  the  oxide  of  a  metal 
aluminum  [See  Appendix],  and  may  be  obtained 
in  a  pure  state  by  decomposing  potash  alum  by  means 
of  carbonate  of  potash,  repeatedly  washing  the  preci- 
pitate with  hot  water ;  redissolving  it  in  hydrochloric 
acid,  adding  ammonia  in  excess,  edulcorating  and 
drymg  the  precipitate :  it  is  rendered  anliydrous  by 
exposure  to  a  red  heat.  Pure  alumina  may  also  be 
obtained  by  igniting  pui-e  ammonia  alum  previously 
deprived  of  its  water  of  crystallization  by  heat; 
sulphate  of  ammonia  evaporates  and  alumina  remains 
in  the  form  of  a  perfectly  white  powder,  soft  to  the 
touch  and  insoluble  in  acids.  Its  extreme  divisibility 
and  the  great  hardness  of  its  particles  might  render 
it  useful  for  polishing  metals,  and  its  whiteness  fit 
it  for  the  preparation  of  colours.  Alumina  is  insipid 
and  insoluble.  Its  specific  gi'avity  is  2.0,  but  after 
exposure  to  intense  heat  it  increases  to  4.0.  Under 
the  oxyhydrogen  blowpipe  it  fuses  into  a  colourless 
bead.  It  has  a  strong  attraction  for  moisture,  which 
it  absorbs  from  moist  air  to  the  amount  of  one-third 
of  its  weight.  It  becomes  plastic  when  mixed  with 
water:  if  dried  in  this  state  in  the  air  and  then 
heated  it  shrinks  from  loss  of  water.  This  is  the 
piineiple  of  Wedgwood's  pyrometer  for  registering 
very  high  temperatures ;  but  as  the  shrinkage  in 
difl'erent  specimens  of  clay  prepared  in  the  same 
maimer  is  not  the  same  at  the  same  temperatures, 
this  instniment  was  of  very  little  use  in  science.  It 
has  long  been  superseded  by  Daniell's  pyrometer. 

Alumina  has  a  strong  afirnity  for  various  organic 
compounds,  and  its  use  in  dyeing  and  calico  printiiig 
depends  on  its  attraction  for  different  colom-ing 
principles,  and  for  ligneous  fibre.  If  ammonia  be  added 
to  a  solution  of  alum  in  an  infusion  of  cochineal  or 
madder,  the  aluminous  earth  faUs  in  combination 
with  the  red  colouring  matter,  and  the  liquor  is  left 
colourless.     Coloiu-s  thus  prepared  are  called  lakes. 


Freshly  precipitated  iJumina  is  readily  soluble  in  most 
of  the  acids.  The  salts  of  alumina  usually  have  au 
acid  reaction.  Potash  and  soda  readily  dissolve  it ;  but 
it  is  sparingly  soluble  in  caustic  ammonia.  Alumina 
can  be  recognised  by  its  solubility  in  caustic  potash, 
by  the  formation  of  crystals  of  alum  on  evaporating 
its  sulphni-ic  solution  with  the  addition  of  sulphate 
of  potash.  It  also  affords  a  fine  blue  coloui-  when 
moistened  with  nitrate  of  cobalt  and  strongly  heated. 

Native  alumina  exists  in  the  sapphu-e,  the  oriental 
ruby  and  topaz.  Corundum,  adamantine  spar,  and 
emery  consist  chiefly  of  alumina  with  a  small  portion 
of  oxide  of  iron  and  silica. 

Alumina  consists  of  2  atoms  of  alummum  and  3 

AMADOU,  a  fungus,  {Boletus  igiiiarius,)  growing 
from  the  sides  of  the  cherry,  the  ash,  and  other  trees, 
is  prepared  into  a  tinder  by  the  Germans,  who  use 
large  quantities  of  it  for  lighting  their  pipes  and 
cigars.  It  is  gathered  in  the  months  of  August  and 
September,  and  cut  into  thin  slices,  and  beaten  with 
a  mallet  until  it  is  soft  enough  to  be  easily  pulled 
asunder  by  the  fingers.  In  this  state  it  is  valuable 
for  stopping  hemorrhages.  To  convert  it  into  tinder 
it  is  boiled  in  a  strong  solution  of  nitre ;  it  is  next 
dried,  beaten  again,  and  boiled  a  second  time.  It  can 
be  rendered  very  inflammable  by  steeping  in  gun- 
powder water.  Puff  bidls  are  sometimes  made  into 
amadou,  and  it  is  stated  that  the  light  wood  of  the 
Hernandia guianensis  takes  fire  readily  from  a  flint  and 
steel,  and  is  used  as  amadou. 

AMALGAM.  Mercury  dissolves  most  of  the 
metals,  and  forms  a  class  of  compounds  called  amal- 
gams. Many  of  these  are  definite  crystaUizable  com- 
pounds, and  may  be  separated  by  gentle  pressure 
from  the  superlluons  mercury  in  which  they  arc 
formed.  They  are  usually  brittle  or  soft.  Iron  and 
mercury  may  be  combiued  by  rubbing  together  in  a 
mortar  clean  iron  fiiluigs  and  zinc  amalgam,  and 
adding  a  solution  of  perchloride  of  ii-on ;  by  rubbing 
and  heating  this  mixtm-e,  the  iron  and  mercury  form 
a  bright  amalgam.  Under  ordinal^  circumstances 
ii-on  and  mercury  will  not  unite,  so  that  mercury  is 
imported  and  kept  stored  in  u'on  bottles.  Amalgam 
of  tin  is  readily  formed  by  triturating  the  metals  to- 
gether,  or  by  fusion  at  a  gentle  heat ;  the  density  of 
this  amalgam  exceeds  the  mean  of  its  components. 
It  is  extensively  used  for  silvering  looking-glasses. 
[Glass,  sec.  viii.]  Lead  and  mercury  unite  readily  in  all 
proportions ;  3  parts  mercury  and  2  of  lead  fonn  a 
crystaUizable  amalgam.  An  amalgam  of  3  parts 
mercury,  1  part  lead,  and  1  pai-t  bismuth  is  re- 
markable for  its  fluidity ;  it  may  be  squeezed  through 
leather  without  decomposition.  It  is  used  for  silvering 
the  inside  of  hollow  glass  spheres,  previously  made 
perfectly  clean  and  warm.  Mercury  is  usually  adid- 
terated  with  these  metals.  Mercury  and  copper  may 
be  united  by  a  rather  complicated  chemical  process. 

All  the  amalgams  can  be  decomposed  at  a  moderate 
heat.  Advantage  is  taken  of  this  property  in  the  art 
of  waUr-gilding,  or  gilding  metallic  articles,  such  as 
buttons:  a  small  portion  of  gold  is  dissolved  in  a 
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large  quantity  of  mercury,  and  the  articles  to  be  gilt 
being  made  chemically  clean  are  anointed  with  the 
amalgam,  and  placed  in  a  furnace  and  heated ;  the 
mercury  is  thus  driven  off,  and  the  gold  is  left  in  an 
exceedingly  thin  iibn  on  the  articles.  The  peculiar 
lustre  of  the  precious  metal  is  brought  out  by  bur- 
nishkg.  [See  Button.  Gildikg — Gold.]  Vater- 
iiheriiig  is  performed  iu  the  same  way.  Cast-iron, 
wrouglit-irou,  steel,  copper,  and  many  other  metals 
are  tinned  in  a  similar  manner.  An  amalgam  of  tin 
is  made  so  as  to  be  soft  and  friable.  The  metal  to  be 
tinned  is  thoroughly  cleaned  by  fUing  or  turning,  or 
if  only  taruished  by  exposure  it  may  be  cleaned  with 
emery  paper  used  without  oil,  and  then  rubbed  with 
a  piece  of  coarse  cloth  moistened  with  a  Kttle  hydro- 
chloric acid.  The  amalgam  is  then  rubbed  on  with 
the  same  rag,  and  all  the  clean  parts  of  the  metal 
become  thoroughly  coated.  This  process  is  called 
cold-tinning,  to  distinguish  it  from  the  usual  method 
of  turning  irou  plate.     [Tis.] 

In  Mallet's  patent  processes  for  protecting  ii'on 
from  rust  and  corrosion,  and  for  preventing  the 
fouling  of  ships,  one  process  is,  to  cover  the  iron  with 
zinc.  The  ribs  or  plates  for  ii-on  ships  are  immersed 
in  a  cleansing  hulk,  formed  of  equal  parts  sulphuric 
or  hydrochloric  acid  and  water,  used  warm.  The 
metal  is  then  hammered  and  scrubbed  with  emery  and 
sand  to  detach  the  scales  of  oxide,  and  to  produce  a 
thoroughly  clean  sui-faoe.  The  metal  is  next  im- 
mersed iu  a  preparing  bath,  consisting  of  a  satui'ated 
solution  of  hydrooldorate  of  zine  and  sulphate  of 
ammonia ;  and  lastly  it  is  transferred  to  a  metaUie 
bath  composed  of  203  parts  mercm-y  and  1,292  parts 
zinc,  both  by  weight.  To  every  ton  weight  of  this 
aUoy  is  added  lib.  of  potassium  or  of  sodium,  the 
latter  being  preferred.  As  soon  as  the  cleaned  irou  has 
attained  the  point  of  fusion  of  this  triple  alloy,  viz. 
GSO°,  it  is  removed,  and  is  found  to  be  thoroughly 
coated  with  zinc.  The  affinity  of  tliis  alloy  for  iron 
is  so  intense  that  at  the  fusing  heat  of  680°  it  vdll 
dissolve  a  plate  of  wrought-iron  one-eighth  of  an  inch 
thick  in  a  few  seconds.  Wlieu  the  articles  to  be 
covered  are  small,  or  the  parts  minute,  as  for  example, 
wire,  nails,  or  small  chains,  it  is  necessary  before 
immersing  them  to  permit  the  triple  alloy  to  dissolve, 
or  combine  with  some  wi'ought-iron,  in  order  that  its 
affinity  for  iron  may  be  partially  satisfied,  and  thus 
diminished.  In  the  palladiumizmg  process  the  articles 
to  be  protected  are  first  cleansed  as  in  zincing,  and 
then  thinly  coated  over  with  an  amalgam  of  pal- 
ladium. 

A  good  amalgam  for  the  use  of  the  electrical 
machine  is  formed  of  4  parts  mercury,  9  parts  zinc, 
and  1  part  tin.  The  zi'-i^  -'k  ;■!-!  tie  imMlod  in  an  ii-on 
ladle,  the  tm  adilnl.  ,1  f  <  i  i  !  the  mercury, 
previously  heated  in  ,  i'.\  .stirring  the 

mixture  with  an  in  HI  v:-A.  'Vw  '.\\:vA-^;.\\a  shoidd  be 
poured,  just  before  it  S(.ili(liries,  into  a  wooden  or  iron 
box,  and  be  constantly  agitated  by  shaking  until  cold. 
It  should  then  be  triturated  iu  an  iron  mortar,  and 
sifted  through  a  small  muslin  sieve,  so  as  to  obtain 
an  extremely  fine  powder  ;  tliis  bemg  rubbed  up  with  |  vi 


a  little  lard,  is  to  be  spread  on  the  rabber  of  the  elec- 
trical machine  with  a  palate  kiul'e.' 

AMALGAMATION.  A  process  by  which  some  oi 
the  ores  of  silver,  especially  the  sulphm-ets,  are  reduced. 
The  ore  is  washed  and  ground,  and  then  mixed  with 
a  portion  of  eonmion  salt  and  roasted.  Sulphate  of 
soda  aud  chloride  of  sdver  are  formed  during  the 
operation,  and  these  arc  theu  powdered  and  agitated 
\vith  mercury,  water  and  iron  fUings.  This  do- 
composes  the  chloride  of  silver,  and  the  clJoride  of 
iron  which  is  formed,  is  washed  away ;  the  silver  and 
mercury  unite  into  an  amalgam,  from  which  the 
excess  of  mercury  is  first  squeezed  out  in  leathern 
bags,  and  the  remainder  driven  off  by  distillation. 
Gold  is  frequently  extracted  from  its  ores  by  the 
process  of  amalgamation. 

AMBER,  though  classed  among  minerals,  is   of 


ividence  of  having  been  ii 
a  hard  yellow  substance, 
its  specific  gravity  being 


■icity. 


vegetable  origin,  bearui 
fluid  or  viscid  state, 
rather  heavier  than  w 
from  LOG  to  1.07),  n  i 
but  occasionally  i>|. 
taste,  and  a  sim  II 
is  inilammablc,  :iii'l 
pungent,    aroiiiaiir 
properties,  wliieh  n 
and  which  gave  tin   i 

from  ekktron,  ihe  G:cck  uvii  l-r  ;uiii,L;.  Al  \arious 
times  the  origin  of  amber  has  been  a  uiattcr  of  dispute 
among  naturalists,  some  describing  it  as  an  animal 
substance  resembling  bees'-wax,  secreted  by  an  ant 
inhabitmg  pine-forests;  others  mamtaining  it  to  be 
a  fossU  mmeral,  of  antediluvian  origm;  and  others 
again,  with  greater  truth,  imagining  it  to  be  a  resin, 
oozing  from  the  pine  and  afterwards  solidifyuig. 
This  idea  was  entertamed  by  Pliny,  who  speaks  of 
amber  as  a  resinous  juice,  oozing  from  old  pines  and 
firs,  and  discharged  by  them  into  the  sea.  According 
to  the  recent  researches  of  Goppert,  amber  is  nothnig 
more  than  an  indurated  resia,  derived  from  various 
trees  of  the  family  of  the  conifera; ;  which  resin  is 
found  iu  a  like  condition  in  all  zones,  because  its 
usual  nii_!:r,l  dr],,-,  -'M-ir',  v;;-  lirih  of  brown  coal, 
have  li..  II   '       ,.  i  '-IV,  under  similar 

circuni-(   I-  \  "'•    I I'  Ihatamberwas 

once  tinni  i^  iHiMiili'i  i,,  iLr  1  --i  i  li.il.  insects,  leaves, 
drops  of  clear  water,  oi-  portions  of  metal,  sand,  &o., 
are  sometimes  found  enclosed  in  it.  The  bisects  are 
sometunes  entire  aud  in  fine  preservation,  but  fre- 
quently their  detached  legs  and  -iiintcs  show  that 
there  was  a  hard  struggle  tu  ri  iit  Ii  in  ihr  viscid 
mass.  Bees,  wasps,  guats,  spn  i  u  I  1-  ili^,  have 
been  observed  iir  spechneus  i\  .  ;,  n  i  .  '  i,'  i  In  ,^|Hcies 
more  resemble  insects  of  tiupicil  cinuiinLo  than  of 
the  temperate  zone.  This  curious  eircumstance  of 
the  enclosure  of  insects  in  amber  has  been  taken  ad- 
vantage of  by  dishonest  dealers,  who  imitate  it  in 
common  copal,  which  closely  resembles  amber.  Copal 
enclosing  insects  is  often  sold  as  the  finest  amber. 
Amber  is  found  in  rounded  masses,  varymg  in  size 
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from  that  of  a  nut  tu  that  of  a  man's  head ;  but  the 
latter  is  very  rare.  It  is  chiefly  obtained  on  sea- 
coasts,  after  storms,  when  it  is  either  picked  up  on 
the  beach,  or  sought  after  by  men  who  walk  up  to 
their  necks  in  the  waves,  with  long  poles  to  which 
nets  are  attached ;  or  it  is  gathered  from  precipitous 
cliffs  by  men  in  boats,  who  go  armed  with  poles  and 
iron  hooks,  and  loosen  fragments  of  rock  in  exploring 
them.  The  latter  methods  are  not  without  danger 
to  the  amber-seekers.  The  must  abimdant  supply  of 
amber  is  obtained  in  East  Prussia,  along  the  coast 
of  the  Baltic,  between  Memel  and  Dantzig,  and 
espcci;Jly  on  the  shore  near  Konigsberg,  and  from 
Grossdirscheim  to  PUlau.  It  has  also  been  foujid  in 
Poland,  Saxony,  Siberia,  and  Greenland,  and  in  our 
omi  country,  at  Cromer  in  Norfolk,  and  on  the  York- 
shire coast.  Amber  is  also  found  in  sand  and  clay 
formations;  and,  although  not  often  obtained  by 
mining  operations,  yet  pits  are  occasionally  sunk  in 
sandy  downs  to  the  depth  of  100  feet,  and  small 
quaulitics  of  amber  thus  procured. 

Aiiibcr  is  used  for  ornament;J  purposes,  but  is 
much  less  esteemed  in  Euro|)C  than  among  Oriental 
nations,  where  the  demand  fur  it  is  very  great.  It  is 
fashioned  into  necklaces,  ear-rings,  bracelets,  &c., 
also  into  snuff-boxes,  and  the  more  costly  kind  of 
tobacco-pipes.  Por  these  purposes  the  nodides  are 
split  on  a  leaden  plate  at  a  turning-lathe,  and  brought 
info  the  required  shape  by  whetstones,  after  which 
they  are  polished  with  chalk  and  water,  or  a  vegetable 
oil,  and  completed  by  nibbing  with  flannel.  Tlic 
German  pipe-makers,  who  use  great  quanlit:^ -.  ni' 
amber,  bum  a  small  lamp  or  a  little  pan  (i(  • 
l)encath  the  amber,  to  warm  it  slightly  wliiL  ,;  i  ii 
in  the  lathe,  to  prevent  it  from  chipping  uul  :  ii..\ 
also  succeed  in  bending  it  by  means  of  heat.  The 
;leptrical  properties  of  the  amber  become  so  strongly 
excited  during  these  processes,  that  it  is  necessary  to 
work  with  a  number  of  pieces  in  succession,  putting 
down  each  as  it  becomes  hot,  and  liable  to  spUt  from 
tlus  cause.  The  workmen  thus  engaged  are  subject 
to  nervous  tremors,  in  consequence  of  handling  con- 
tiimally  these  higlily  excited  electric  bodies. 

The  coarser  sorts  of  amber,  and  the  small  pieces 
which  cannot  be  applied  to  ornamental  purposes,  are 
used  in  makmg  varnishes  of  a  strong  and  durable  kind, 
.amongwliich  is  the  Ma.',  ^:,ln;J,  ,,r  n,;,fli-makers. 
The  substance  called  ,/.'  i     i   ti!:Jn"-more 

than  amber  subjcctril  t  ■    njirio  acid 

which  converts  it  info  a  \  i,  al  ma;;,  l^Limy-  a  musky 
odour.  By  distillation  an  acid  is  obtuiuLd  from  amber, 
called  succinic  acid  (after  the  Latin  and  French  name 
fur  amber).  Sixteen  ounces  of  amber  yield  about 
lialf  an  ounce  of  rough  succinic  acid,  and  rather  more 
than  10  ounces  of  ton-efied  resin,  fit  for  the  preparation 
of  varnish.  The  salts  of  this  Ticid  are  called  succinates. 
Amber  forms  one  of  the  most  lucrative  articles  of 
commerce  with  Turkey,  where  the  greater  part  of  ' 
the  European  amber  is  sold ;  but  considerable  quan- 
tities are  also  pm-chased  by  American  merchants. 
The  revenue  derived  by  Prussia  from  her  trade  in  | 
this  arlicli?  is  said  to  be  about  17,000   dollars   pc-r  I 


annum.  The  value  of  amber  increases  gi-catly  mk 
the  size  of  the  specimens  :  thu.',  a  piece  weighing  I 
pmmd  woidd  fetch  50  dollars,  but  a  piece  v.-eigliing 
13  or  13  pounds  would  be  thought  cheap  at  5,000 
dollars.  There  is  a  method,  however,  of  cementing 
togetlier  small  pieces  of  amber,  by  smoothing  tlie 
surfaces,  adding  a  layer  of  linseed  oil,  and  pressing 
them  together  over  a  charcoal  fire.  Some  large  pieces 
of  amber  in  the  museum  at  Dresden  are  said  to  have 
been  buUt  up  in  this  manner.  A  further  deception  is, 
to  join  pieces  of  copal  to  lumps  of  amber,  when,  from 
their  close  rcsemblauce  and  equally  fine  polish,  it  is 
difficult  to  detect  the  imposition,  except  by  the  frac- 
ture, that  of  amber  being  conchoidal,  that  of  copal 
of  no  determinate  character.  The  most  esteemed 
kind  of  amber  is  the  opaque,  which  resembles  the 
colour  of  a  lemon,  and  is  sometimes  called  fat-amber. 
The  transparent  pieces  are  very  brittle  and  vitreous. 

AMBERGRIS  has  no  connexion  with  amber.  It 
is  a  concretion  from  the  intestines  of  the  spermaceti 
whale,  and  is  a  product  of  disease,  as  it  is  not  found 
in  the  healthy  animal. 

AMMONIA,  or  voUilile  alkali,  so  caUed  to  distin- 
guish it  from  tlip  //rc'/  nr  umi-volatile  alkalies,  potash, 
suda,&c.,v.  I  'i  '  ; '  '  ■■:  a  gaseous staieby Priest- 
ley, who  til  II  i  I  ii  ,-.  lie  obtained  it  from 
sal  aunnouiac.  «  ai  a.  a  lia  ali.ali  lias  its  present  name. 

Ammonia  is  a  compound  of  1  volmne  of  nitrogen 
with  3  volumes  of  hydrogen,  the  4  volumes  being 
condensed  into  3  in  the  state  of  combination.  Am- 
ists  in  various  vegetable  and  animal  juices. 
IP  contains  carbonate  of  ammonia,  on  which 
I  this  substance  is  used  for  its  alkaliue  pvo- 
.  Ill  luakiug  alum,  scouring  wool,  &e.  Anunonia 
I-.  laail  in  native  oxide  of  iron,  and  in  the  rust  of 
iiou  formed  in  a  damp  atmosphere.  It  is  also  found 
in  charcoal,  clays,  and  porous  soils,  all  of  which 
absorb  it  from  the  air,  in  which  it  is  present  in  mmute 
quantities,  and  is  of  importance  to  plants  as  a  source 
of  nitrogen. 

Ammonia  cannot  be  formed  by  the  direct  union  of 
its  elements,  after  they  have  assmned  the  gaseous 
state.  One  of  them  must  be  in  a  nascent  state. 
There  are  several  methods  by  which  it  may  be 
obtained,  but  the  following  is  common.  The  sub- 
stances employed  arc  sal  ammoniac,  or  hydrochlorate 
of  ammonia,  and  lime.  The  lime  is  slaked  in  a 
covered  vessel,  and  the  salt  reduced  to  powder.  Equal 
weights  of  these  substances  are  introduced  info  a 
retort,  with  just  enough  water  to  damp  the  mixture 
and  cause  it  to  aggregate  in  lumps.  On  gently  heating 
the  retort,  ammoniacal  gas  is  given  off  in  abundance, 
and  this  must  be  received  in  jars  filled  with  and  in- 
verted m  mcrpiiry.  Thr  pliaiiges  which  take  place  in 
the  retort  an  a-  f. 11  iw<  —.^ril  ammoniac  is  a  com- 
pound of  liv.ln.rlil  aaa  and  and  ammonia;  and  the 
■,t;  ,,f  !,-,,li..L',ii  and  chlorine.     Lime  is  a 

,.i    i';/-.-    1    ,     l.iaa,    .lal    ,.x.,,  ,,         Tlir 
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a  of  tlie  salt  is  thus  set  free,  aud  escapes 
with  a  portion  of  the  water  last  formed. 

The  aiimionia  thus  produced  is  au  aiiriform  body, 
wliich  remaius  permanent  under  ordinary  tempera- 
tures and  pressures,  and  hence  is  Ciillcd  a  gas.  Under 
a  pressure  of  GJ  atmospheres,  at  50°,  it  becomes  a 
colourless  transparent  fluid,  of  the  density  of  0.7G0, 
water  being  1.000.  At  103°  below  zero  tliis  liquid 
forms  a  white,  translucent,  crystalline  soHd,  heavier 
than  the  liquid. 

Ammoniacal  gas  is  colourless,  transparent,  and 
invisible.  It  has  an  extremely  pungent  smell  aud  au 
acrid  taste.  It  instantly  kills  an  aiiiinal  immersed  in 
it,  but,  when  largely  diluted  with  ;m:,  i:  I-  .m  :i_;vr- 
ablc  stimidant.     It  extmguislic^  ,   .  ;  ,  lui 

the  flame  becomes  enlarged  bff'iir  :■  _.  I  Ms 

gas  is  slightly  inflammable,  and  ;i  m.mII  j  i  ^  i  i'  \\ill 
burn  in  oxygen  gas.  Mixed  with  an  cqiial  volume 
of  oxygen,  it  burns  with  a  feeble  explosion  in  contact 
with  flame  or  the  electric  spark.  Its  density  is  0.50S3, 
atmospheric  air  being  unity.  100  cubic  inches  of 
ammoniacal  gas  weigh  1S.26S  grains.  It  acts  strongly 
as  an  alkali,  turaing  vegetable  blues  green,  and  yellows 
reddish  brown  ;  but,  on  account  of  the  great  volatility 
of  the  gas,  this  change  Ls  not  pci-manent,  the  vegetable 
substances  regain  their  colours  by  Qxposui-e  to  the 
air,  which  is  not  the  case  when  changed  by  the  fixed 
alkalies.  Ammoniacal  gas  in  a  dry  state  is  without 
action  on  di-y  vegetable  colours. 

Water  dissolves  ammoniacal  gas  in  large  quantity 
aud  with  great  rapidity.  A  few  drops  of  water  intro 
duced  into  a  jar  of  the  gas,  standing  over  mercury, 
instantly  condense  it ;  a  piece  of  ice  immediately 
liquefies  in  the  gas,  and  condenses  it.  Water  at  50° 
condenses  670  tunes  its  volume  of  this  cas,  and  the 
density  of  the  solution  dimini-L'  .i--  tii:  ^:|.JlL'fll 
increases.     ■V^^^en  water  contaii;    '.'     i    i  >,   ihr 

gas,  its  density  is  0.9G92 ;  wli:;  .:  mu- 

rated,  it  contains  325  per  cciii,  >  i    i  .1  iluu 

the  density  is  only  0.8750.  llii-  ;  -  >  '  ^i  u  is 
called  liquid  ammonia,  and  is  tl'  i^f 

the  Pharmacopoeia.  It  is  a  ci  !  \..'.  .  \..  ,  ,  uut 
liquid,  and  has  the  pungency  and  iilL.iliiic  pi.ji.tuius 
of  the  gas.  Exposed  to  air,  ammonia  escapes  from  it, 
and  heat  disengages  it  abundantly. 

The  presence  of  ammonia  is  detected  by  its  strong 
smell,  or  by  holding  moist  turmeric  paper  wl 
suspected  to  exist,  or  by  the  formation  of 
vapolu-  of  hydi-ochlorate  of  ammonia  when  exposed 
to  a  glass  rod  moistened  with  hydrocldoi-ic  acid. 
Ammonia  is  fomicd  during  the  putrefactiv 
mentation  of  organic  substances  which  contain 
gen.  Such  substances  contain  hydrogen,  niti 
oxygen,  aud  carbon ;  the  first  two  for: 
and  the  last  two  carbonic  acid.  By  heating  animal 
matters  (except  fat,  which  contains  no  nitrogen), 
such  as  bones,  hoofs,  honis,  &c.,  in  iron  cylhiders, 
they  are  decomposed,  and  carbonate  of 
obtained,  either  in  a  soUd  form,  or  dissolved 
and  mixed  with  an  empyreumatie  oil.  This  liquor 
has  a  dark  colour,  and  a  pungent,  disagreeable  smell. 
When  purified  to  separate  the  oil  it  b  called  spirit  of\ 


hartshorn.     Tlie  hard  portion  oi  the  bone  consists 
chiefly  of  phosphate  of  lime,  which  yields  no  anmionia ; 
lingled  with  it  is  a  considerable  quantity  of  gela- 
tmo,  whence  the  ammonia  is  derived. 

ose  vegetable  substances  which  contain  nitrogen, 

such  as  the  gluten  of  wheat,  fui-nish  ammonia  by 

being  heated.      The  soot  of  chimneys  contains  it. 

But  the  great  supply  of  anmionia  is  from  the  gas- 

•ks,  the  ammoniacal  liquor  which  comes  over  with 

tar,  daring  the  dcsti-uctive  distillation  of  coal, 

ig  converted  by  various  processes  into  sulphate, 

hydrochlorate,  or  carbonate  of  ammonia.     [See  G.\s.] 

Ammonia  combines  with  acids,  and  forms  salts,  most 

of  which  are  soluble  in  water,  and  evolve  the  odour  of 

nnonia  when  mixed  with  lime  or  potash.    Common 

lelling-salts  are  the  sesquicarbonate  of  ammonia. 

ANALYSIS,  (CiiEmc.\.L.)   The  object  of  chemical 

alysis  is  to  detcnnine  the  natui'c  or  composition  of 

smiple  or  compound  substances.     The  composition  of 

substance  may  either  be  expressed  in  the  simple 

elements  which  form  its  nUiinn'-'  o'li^titntion.  nr  it 

maybe  reduced  to  less  coin;''  •    i  ^lii  I    wliich 

its  j9ro.nV«ff^?  constitui.il  1         1        ■  .1  mia- 

lysis  the  proximate  coustiliHn! 


nely. 


luscd 


ary 


bodies;  namely,  alumina  is  composed  of  alum 
and  oxi/ffdi ;  potash,  of  potassium  and  o.ri/r/c'n ;  sul- 
phui-ic  acid,  of  sulphur  and  o.r\/gen ;  and  water,  of 
hydrogen  and  o.ri/gcii.  In  the  analysis  of  alum,  the 
alumiua,  potash,  sulphuric  acid  aud  water  are  the 
substances  sought,  and  the  elementary  composition 
of  these  bodies  being  known,  the  simple  elementary 
components  of  alum  are  also  determined. 

Au  analysis  may  bo  sun  ply  qualitutice,  in  which 
case  it  is  Kmited  to  the  number  and  natui-e  of  tlie 
constituents.  Thus,  when  alum  is  said  to  consist  of 
sulphui-ic  acid,  pol:,^'i  .' ii  ai;,Iv>,iin  !hi'  ana- 
lysis is  quaUtativc  1  ■!■','  '  -  iiiacfs 
the  proportions  h,  V'   _'  :  ■        ■  '  ,  il  is 

tlien  said  to  be  j,.',,-,,.',,'.,.'.;; .  Tiii.-,  •..'..•■a  .\\u\\  is 
said  to  contain  in  100  parts  33. 73  parts  of  sulplimic 
acid,  9.93  of  potash,  10.S2  of  alumina,  and  45.47  of 
water,  the  analysis  is  quantitative. 

Most  good  treatises  on  r!'  -  'rr  r-ifnin  some 
instructions  for  chemical  aii:i'  l,i  :'         Hand- 

book of  Chemistry,"  by  Mr--        A  l.-xaiii 

(Svo.  lS5S)a  section  is  dcvui.a  i.,  ;li:-  -I'v  >i  :  in 
the  "  Elements  of  Chemistry,"  by  Professor  .Miller, 
of  King's  College,  London,  a  number  of  examples 
are  given  :  but  the  most  elaborate  treatises  specially 
devoted  to  analysis  are  by  Presenius  and  Rose. 

AKCHOR,  (from  the  Greek  3-yKvpa,)  a  heavy  in- 
strument let  do-rni  by  means  of  a  cable  to  the  bottom 
of  the  sea  for  the  pui-pose  of  fixing  a  vessel  in  a 
harbour  or  road,  thence  called  an  anchorage.  It  is 
also  of  great  importance  to  the  navigator  off  a  lee 
shore,  and  in  situations  where,  but  for  its  use,  he 
might  be  '.vrecked. 

The  anchor  m  some  fom  or  other  is  probably  as 


ie,  ANC 

anoieiit  as  (be  art  of  navigation  itself,  or  at  least  it 
must  Lave  been  used  as  soon  as  vessels  of  any  con- 
siderable size  were  constructed.  The  first  anoliors 
were  probably  large  stones,  or  crooked  pieces  of 
heavy  wood,  such  as  are  used  by  the  Chinese  at  the 
present  day  in  secui'ing  their  ponderous  junks. 
When  anchors  came  to  be  made  of  metal,  they  were 
formed  at  first  with  only  one  fluke ;  then  a  second  was 
added,  but  no  stock;  aftei-wards  each  ship  was 
furnished  with  several  anchors,  the  chief  one,  which 
was  called  Upd,  or  sacred,  being  reserved  for  the  last 
extremity.  Hence  arose  the  proverb,  sacrum  anchoram 
solvere,  or  "  flying  to  the  last  refuge,"  wliich  has  de- 
scended to  us  in  the  sheet-anchor ;  and  in  order  to 
prevent  this  fiom  being  used  except  in  cases  of 
ab'^olnte  nccc<;sitv,  it  was  fonneily  the  custom  to  pay 

5/    tl  t1  r  1        •    1    r  1  1(  ttmg  it  go. 

II  iie  now  furnished  with  seven 

Ti  'net  anchor  which,  as  already 

si  I    I  1      I  w  n  m  case  of  danger  or  dmmg 

lie  UT  >,'dis  (il  waul,  the  liotaers  or  hoicyers,  which 
aie  neaily  of  the  same  size  as  the  sheet,  and  dis- 
tmgui'ihed  as  the  lest  lower,  the  swall  bower,  and  the 
sjiaie  anchor.  Theie  is  also  the  sfream-anchoi,  which 
IS  much  smallei  than  the  others,  and  is  used  only  for 
iiding  in  lucis  or  modeiate  streams;  this  is  one- 
fouith  or  one  fifth  the  weight  of  the  others.  Lastly, 
the  hedffe  anchor,  which  is  half  the  size  of  the  stream, 
and  is  only  used  for  kedgmg  in  a  river ;  that  is,  the 
anchor  is  conveyed  by  a  boat  up  the 
of  the  ship  and  Id  do\ni,  ,md  the  '■hi 
up  to  the  aiK  1  1  i  i  i  il 
lb  then  t.ili 


and  firmer  liold  so  th  it  the  ship  ib  held  f  t  unle  s 
one  of  three  tluii.,s  occm  the  cable  ni  15  ,ive  w  av 
the  ai-m  of  the  inchoi  imy  smp  off  01  the  inclioi 


in  advance 
'lion  hauled 
I  lie  anchor 

t  .  It.  °In 


tliib  way  a  ^1  11  I  1  1      1  n\er. 

In  ships  ot  VI  u  tliL  shut  in(h  n  is  sfoTicd  on  the 
laiboaid  side,  with  the  stock  vertical,  and  one  of  the 
flukes  lestuig  on  the  gangway.  The  boweis  hang 
out  near  the  ship's  hows,  and  hence  then  name ;  the 
spare  anchor  is  usually  carried  "  in  board."  Smaller 
vessels,  such  as  brigs,  cutters,  and  schooners,  have 
only  three  or  four  anchors. 

form  of  anchor,  Fig.  29, 
consists  of  two  hooked  or 
fluked  anns,  (A,  Fig.  31,) 
for  the  pui'pose  of  pene- 
trating and  fixing  in  the 
soil,  and  a  long  bar  or 
shank,  Sh,  to  which  the 
cable  is  attached.  To  the 
upper  or  cable  end  of  the 
ok  is  a  cross-beam  called 
the  stoclt,  placed  at  right 
^  angles  to  the  arms,  and 
which  by  lying  flat  at  the 
•  tom  causes  one  of  the 
flukes  to  penetrate  the 
"  more  or  less  according 
to  the  nature  of  the  an- 
chorage, as  in  fig.  .30.  The  upper  end  of  the  cable 
being  firmly  secured  to  the  ship,  any  strain  exerted 
upon  the  cable  oiJy  causes  the  fluke  to  take  a  deeper 


itself  m  1 

it  will  not  take  hold  a 
Portland  loads  such  is 
laige  lumps  adheie  to  Iho  fluke  audpuunt  it  liom 
takmg  hold  a  sccrul   t,  IT  il        '  1    1  ut 

absurd  custom  of  .,1  ] 

of  clay  may  shp  oil      I  ^  1 

that  the  stock  nn\  h  \  t   1   |  ml       Mug 

either  one  01  the  othci  (  t  the  aim  d^^nw  11  1  One 
end  of  the  shank  S  is  made  square  to  leceive  and 
hold  the  stock  scciuely  in  its  place  and  the  stock  is 
furnished  with  nuts  or  piojections  to  keep  it  from 
shifting.  The  length  of  the  squaie  part  of  the  shank 
is  about  one  sixth  of  the  whole  length  of  the  shaft 
and  its  tliickness  about  one  t\i  entieth  Trom  the  end 
of  this  square  shank  the  thickness  incieases  but 
tapers  towaids  the  extremity  near  the  arms  The 
part  where  the  anns  umte  with  the  shank  is  called  the 
cro'.cn,  and  the  angular  part  between  the  amis  and 
the  shank  is  named  the  throat.     A  distance  equal  to 


th.it  between  the  throat  Thr  of  one  arm,  and  its  bill 
B,  is  marked  on  the  shank  from  the  place  where  it 
joins  the  arms,  and  is  called  the  trend  T.     Tn  the 


scuiiire  part  of  the  shank  is  a  hole  for  receiving  a  ring 
11  for  the  cable ;  this  ring  is  lapped  with  cordage  to 
prevent  the  chafing  of  the  ii-on,  but  where  chain 
cables  are  used,  as  is  now  generally  the  case,  this 
precaution  is  not  required.'  The  arms  form  an  angle 
of  about   50°  with  the  shank,  and   they  are   made 


the  soil,  and  by  its  broad  surface  taking  a  firmer  hold 
of  the  ground.  In  large  anchors  the  arm  is  straiglit 
from  the  crown  C  to  the  hill  B  or  point  of  the  fluke, 
but  in  small  anchors  the  ijrtemal  sm-face  is  curved. 
The  whole  length  of  the  ami  is  nearly  liaL'  tlic  length 
of  the  round  part  of  the  shank,  and  tapers  slightly 
from  the  thi-oat  to  the  blade.  The  stock  of  the 
anchor  is  sometimes  formed  of  two  beams  of  oak 
embracing  the  square,  and  fii-raly  united  by  iron  bolts 
and  hoops.  The  stock  is  rather  longer  than  the 
nIihii!,,  ;,ihl  II-  1  hirkucss  in  the  middle  is  about  one- 
I  .  !'i'  I  :  :i:ili;  but  it  tapers  to  about  half 
'.'  '       li        I  liring  on  the  under  surface,  the 

u<^^y^■■-  iiiiiir  l.riiig  qultc  Straight.  The  stock  is 
now  often  made  of  wrought-iron,  passing  through 
the  hole  in  the  square,  and  retained  in  its  place  by  a 
sweUiiig  on  one  side,  and  a  key  passing  through  a 
hole  in  the  stock  on  the  other  side. 

It  wiU  be  seen  from  this  constniction  that  when 
the  anchor  is  let  go  the  weight  of  the  anns  draws 
the  anchor  downwards,  and  keeps  it  in  a  vertical 
position,  and  the  stock  moves  through  the  water  with 
much  less  resistance  in  the  direction  of  its  length 
than  it  would  do  in  any  other  direction.  The 
heaviest  end  or  the  croAvn  C  first  strikes  the  gi-ound, 
and  then  the  position  of  the  stock  at  right  angles  to 
(he  arms,  its  length  and  height  above  the  crown, 
together  with  the  weight  of  the  cable,  are  sure  to 
make  the  anchor  cant  or  turn  over  with  one  of  the 
pointed  arms  on  the  ground,  and  tliis  effect  is  greatly 
assisted  by  making  the  anchor  descend  quickly,  in 
doing  which  the  cable  is  arranged  in  regular  coils  on 
deck,  one  end  being  attached  to  the  anchor,  and  the 
other  made  fast  on  deck.  When  the  word  "let  go" 
is  given  the  fastenings  are  east  off,  and  the  anchor 
descends,  dra-n-ing  the  cable  after  it  with  such  rapidity 
that  it  is  often  necessary  to  throw  water  on  the  hause- 
holes  to  prevent  ignition. 

In  pidlirig  up,  or  weighing  \\ia  anchor,  a  heavy  pur- 
chase is  required,  for  which  purpose  the  cable  is 
wound  round  a  windlass,  worked  by  a  number  of 
hands.  In  domg  this,  the  ship  is  gradually  drawn 
nearly  vertically  over  the  anchor,  and  its  shank  acti 
as  a  lever  for  starting  it  out  of  its  place,  the  cabh 
tlrawing  up  the  shank,  and  turning  the  whole  round 
on  the  pomt  of  the  fluke.  The  holding  power  of 
anchor  is  directly  as  its  weight ;  but  the  power  of 
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lidding  increases  as  it  penetrates  the  ground,  and 
keeps  out  water  from  above.  The  seamen  seem  to 
be  aware  of  this,  for  when  they  swing  off  from  the 
end  of  then-  handspikes,  they  sing  out,  "  Heave ! 
heave  together !  heave  hard  ! — heave,  and  water  his 
hole  !" — that  is,  only  raise  the  shank  so  that  water 
may  get  down  to  the  arm  of  the  anchor,  and  relieve 
it  of  the  siiperineumbent  pressure. 

Respecting  the  dimensions  of  anchors,  there  is  a 
rough  rule  in  the  navy  to  allow  1  cwt.  tr)  every  gun  : 
thus  an  80-gun  ship  will  linvr  :,ii  ;  i.  ',..i  ni'  ^i  ^wt 
In  merchant  vessels  the  wi  II'        i  .       is   is 

reckoned  by  the  toimage:    ilr       i  '      ■    m  nf 

200  tons  having  an  anchor  of  In  r  i  ,  :,  rw  i  i-  uricr- 
wards  added  for  every  100  tons ;  so  that  300  tons 
would  give  15  cwt.,  and  so  on.  The  dimensions  are 
also  estimated  in  the  navy  by  calling  the  shank  10, 
about  3,  the  breadth  and  depth  of  the  palm 
about  half  this,  the  thickness  or  depth  at  the  small 
round  .42,  at  the  throat  .6,  which  are  nearly  the  di- 
mensions of  the  arms  also,  and  tlic  brcadllis  about  fths 
of  these,  the  edges  being  rouii(]r:l.  T':<  «.■  Iii  of  an 
anchor  10  feet  in  length  is  .'il ml-   r   '     ■  I,  Mip- 

posing  all  the  forms  of  aiirlini    i  i.       ,  r,  ,  the 

weights  would  be  as  the  culu-  mI  i  I;,  l,ii_'ih  ;  liiuee 
the  weight  of  an  anchor  can  be  found  by  mnltiplvmg 
the  cube  of  its  length  by  .0114.  This  generally  gives 
a  sufiiciently  close  approximation ;  but  for  large 
anchors  the  result  is  too  small,  because  the  thickness 
is  greater  in  proportion.  The  weight  of  an  anchor 
includes  that  of  the  ring.  An  anchor  of  94  ewt.  has 
-Lcn2:(h  of  the  shank, 
r  rii'l  i"  wliieh  the  stock 
-s  of  the  shank 


the  foUosving   dimcnsioi 
about  19  feet;  of  tln^  :  in 
is  attached,  abovf  : ; 
varies  from  8  to  1 J 
6  feet  in  length,  :i:ia  \h- 
3  feet  on  each  side ;  the 
and  made  of  iron  5  inches 
about  the  length  of  the  si 


iMiiu-iilii-  llukc  measures 
iig  is  3  feet  in  diameter, 
n  thickness ;  the  stock  is 
ik.     The  cost  of  such  an 

anchor  would  be  about  300/.,  estimating  the  labour 

at  about  3/.  per  cwt.,  and  the  iron  at  9*.  9;^.  per  cwt. 

For  anchors  of  10  cwt.  and  under,  the  cost  of  labour 

is  about  24s.  per  cwt. 

Boats  and  small  vessels  use  a  form  of  anchor  called 


•'S  ANT 

mmhroom  anchor,  Fig.  33,  used  in  tne  East  Indies. 
In  this  form  no  stock  is  wanted,  as  it  is  sure  to  attach 
itself  to  the  bottom,  in  whatever  direction  it  descends. 
Auohors  have  also  been  formed  with  only  one  arm, 
as  in  Mr.  St  ward's  anchor.  Fig.  31,  patented  some 
•sago.  Toensm-ethefaU- 
^  ing  of  this  anchor  the  right 
ay,  with  the  flake  down,  the 
shank  is  made  veiT  short,  so 
that,  when  suspended  by  the 
cable,  it  wiU  cant  the  most, 
and  when  it  has  hold  in  the 
groimd  the  ship  will  ride  more 
safely ;  "  as  a  long  shank," 
says  the  patentee,  "  is  more  Ukely  to  be  bent,  or  broken 
from  its  hold."  Tor  the  sake  of  strength,  the  bars 
that  compose  the  separate  parts  are  put  together  in 
one  length,  so  that  there  is  no  weld  or  joining  in  the 
whole  length  of  the  shank  and  ann.  The  hole  at  the 
top  is  to  receive  the  ring  for  the  cable ;  another  hole 
near  it  is  for  the  stock,  which  is  a  wrought-kon  bolt, 
covered  with  cast-kon  at  its  ends.  The  palm  is  made 
entirely  of  cast-iron,  or  a  cast-iron  shell  filled  with 
lead,  which  is  a  much  heavier  metal  than  iron.  A 
small  shackle  is  fixed  on  the  bend  of  the  shank  and 
arm,  for  attaching  the  buoy-rope. 

Mr.  Kingston  has  contrived  an  anchor  of  bcU-metal, 
and  in  place  of  fastening  the  cable  to  a  ring,  it  is  made 
to  pass  through  the  centre  of  the  shank,  and  is 
secured  upon  the  crown  by  a  knot  of  greater  diameter 
than  the  tube  through  which  it  is  brought. 

But,  perhaps,  the  greatest  improver  of  anchors,  of 
late  years,  is  Lieutenant  Rodger,  who  has  patented 
two  single-armed  compound  anchors,  and  a  third, 
which  has  two  arms.  In  the  first,  a  piece  of  oak, 
said,  or  teak,  of  the  length  of  the  anchor  shank,  and 
of  proportionate  tliickncss,  is  inclosed,  above  and 
below,  by  strong  flat  bars  of  iron,  somewhat  thicker 
towards  the  further  end,  where,  at  each  side,  a  piece 
of  iron  is  welded  to  them  at  the  angle  usual  for  the 
arms  of  the  anchor,  to  bear  the  shank,  and  across  the 
lower  ends  of  these  two  latter  pieces  the  palms  of 
the  anchor,  of  the  common  foi-m,  are  also  welded. 
At  the  other  end  of  the  shank,  an  aperture  is  left  be- 
tween the  two  flat  bars  that  inclose  the  wooden  case 
of  the  shank  for  the  reception  of  the  stock,  which  is 
properly  rivetted  and  screwed  firmly.  Above  the 
stock,  an  eye,  or  loop  of  ii'on  is  welded  to  the  upper 
bar  of  the  shank,  through  which  a  shackle  passes  for 
conaectmg  the  chain  cable  mth  the  anchor,  or  holds 
a  large  ring  for  the  reception  of  a  hemp  cable.  This 
loop  projects  considerably  from  the  side  of  the  shaak 
opposite  to  the  palm  of  the  anchor,  in  order  that, 
when  it  is  let  go,  the  palm  may  be  turned  more  efl'ec- 
tually  downwards,  in  the  direction  best  calculated  for 
entermg  the  ground,  by  the  resistance  of  the  cable  at 
the  opposite  side;  and  for  this  purpose,  also,  the 
shank  is  made  to  project  some  distance  beyond  the 
cro\vn  of  the  anchor,  so  as  to  tmii  the  palm  down- 
wards, should  the  projection  of  the  crown  first  come 
in  contact  with  the  ground. 
To  sec\u-e  the  wooden  core  withm  the  flat  bars  oi 


the  shank,  several  bolts  are  passed  through  them,  and 
the  heads  countersunk  in  one  of  the  bars,  wlJle  nuts 
or  screws  at  their  other  ends  press  against  the  other 
bar.  Short  bolts  are  also  fixed  thi'ough  the  core,  so 
as  just  to  lie  even  with  its  sides,  to  prevent  the  loose- 
ness of  the  connexions,  and  the  fiat  bars  from 
approaching  each  other,  in  case  the  wood  should 
decay,  or  be  destroyed  by  worms. 

The  face  of  the  stock  fai-thest  from  the  arms  at 
each  side  of  the  shank,  and  the  edge  of  the  piece  ol 
ii'on  bolted  to  it,  are  sloped  so  as  to  form  an  angle 
with  the  lower  side  more  acute  than  the  others,  which 
when  the  fluke  enters  soft  ground,  causes  the  stock 
to  bury  itself  downwards,  and  increase  the  resistance. 
A  ring  or  loop  is  fastened  to  the  top  of  the  crown,  for 
the  reception  of  a  buoy-rope,  and  another  one  is  also 
fixed  at  the  upper  edge  of  the  palm,  in  the  space  be- 
tween the  two  parallel  anns,  through  which  a  chain 
is  to  be  passed  for  fishing  the  anchor. 

In  the  second  species  of  anchor,  the  flat  plates  that 
inclose  the  core  of  the  shank  are  placed  at  the  sides, 
instead  of  being  fixed  above  and  below  it,  as  in  the 
anchor  just  described.  These  are  welded  to  the  arms 
that  proceed  to  the  single  palm,  .and  are  connected  to 
each  other  by  bolts  passing  through  them  and  the  core. 

The  tliird  anchor  (Tigs.  35  and  36)  has  two  pahus 


and  two  anns,  but  its  shank  has  a  wooden  oort;  in- 
closed, like  the  first,  by  stout  flat  bars,  above  and 
below,  that  bend  ofl"  at  one  of  its  ends  in  contrary 
directions  to  form  the  arms,  and  to  their  extremities 
pahns  with  fliies  are  welded.  To  strengthen  these 
arms,  a  strong  piece  of  the  same  curvature  passes 
over  thek  backs  and  the  crown,  and  is  welded  at  each 


uiJ  to  tlie  puiiib  aud  lo  tho  arms,  .iiid  is  fuilliLr 
^.ciii  .1  to  til  httci  by  tnusverse  bolts  llie 
\i      I  t    1       slnnk  IS  mclo&ed  as  belore,  ind 

I  I         I       I      I  icce  at  the  back  of  the  arms  by 

I  issmg  lound  the  aims 
I  I  I     I  '  iits  which  -were  made  on  the 

stuiyth  Lt  tlub  iiichor,  compaied  with  tliree  othcis 
of  the  ordinary  construction,  the  flibt  of  tlio  thice 
WIS  destroyed  by  a  pressuie  of  33  times  its  o\ni 
weiglit,  the  second  by  34J  tunes,  the  third  by  2S^ 
times,  and  the  fourth,  wluch  was  Rodgeis's,  by  52^ 

Among  tho  \aiious  piofessioud  o]  mi  i  ■^^lll  h 
h  i\e  bpin  taken  icspecting  th(  n  1  i'  1 

that  of  Ml  boawaid  is  so  full 
we  quote  it,  with  some  few  aim  I 
foimitiou  of  the  readei,  as  a  s),  i    i     i        n    I    m 

whicli  piaibc  lb  e:i\en,  togethn  vilh  IIk.  u  is(  ns  on 
which  it  lb  toundcd 

"  It  appcaib  til  it  tho  impoitant  distmctive  feature 
of  tho  patent  anchor  is  the  adopting  of  a  hollow  shank 
instead  of  the  usual  solid  one,  by  which  it  is  cxpcotf  I 
that,  with  a  much  less  weight  of  mateiial,  an  equnlh 
stiong  anclioi  wdl  be  produced  Thcie  is  no  rpiesti  u 
tint  hollow  bodies  of  the  sim  '         f  1  ) 

loini,  and  of  equal  stiength  of  i     i 
of  paits,  must  be  much  sticm 
Animal  bones,  and  many  othc  i    I 
oufficient  pi  oof  of  this  fact      li  i 

stiable  that  the  strength  of  simil  t  i 

lesist  a  transverse  stiam  is  as  i  t 

the  body,  multiplied  into  the  di  |  i '     i  i 

direction  of  the  stram    Thus,  i 
dried  bai  of  iron,  4  niches  dm 

r,,  37  ahoUo«(N  I  ,  , 

S  inehrs  u    in.  I    i     (im    lii  Hum 

^„      X  ciMt^  ot  the  httLi  being  also 

c^hiidiicil,     ukI    G')2    mchcs 

diametei,  the  metal  bemgiathei 

raoie  than  an  inch  thick  all 

ij.  lound,)   it   is   clear   that    the 

1  sectional  aica  of  the  metal  m 

the  two  bais  wdl  be  the  same , 

I  but  the   capacity  to  resist  a 

transverse  stiaiii   in  the  two 

bais  wdl  be  veiy  different ,  the 

hollow  bar  wdl  be    twice  as 

stiong  as  the  othei,  it  being 

double  the  diameter. 

iiirhoi  nppcais  to  be  expo'^ed  to 


lc\ciagc,  which  is  piobably  by  fai  tho  more  dan- 
gcious  stiam  to  which  an  anchoi  can  be  exposed,  the 
lu  llow  shank,  with  the  same  weight  of  mateiial, 
must  be  stronger  than  the  sohd  shank,  m  the  latio 
of  then  respective  sections  m  the  diieetion  of  the 
strain  But  there  is  one  express  condition,  that  all 
Ihe  pAits  of  the  hollow  shank  shall  be  equally  well 


made,  and  equally  well  united  togctlip-  ns  tho^e  of 
the  sobd  shank  The  hollow  shaidc  ol  the  patent 
anehoi  is  composed  of  thiec  separate  pieces,  as  sho^vn 
m  the  aeeompanying  tians\eise  section  The  ceutie 
piece  a,  Fig  8S,  is  a  squaio  pipe  or  box,  with  two 
solid  chuk-i  i  aid      i  1  il  d  (ik    it  /  /  i 


strong  bands  oi  hoops     The  stpi  i 
pipe  01  box  lb  formed  by  foui  )  1  il  i 


II  the  othei  to  suppoit  a 
f  thev  will  not  be  Inlf  so 


only   128, 


I   of 


1 1       II    I    1  ulfipbcd  into  its  depth,  will  be  250, 

twior  tli(  I  uiui,  therefoie  the  lattci  will  be  twice 
as  stiong  It  IS  tiue  that  the  two  Inis  m  l^  be  so 
(irmly  bound  toffcthei    hv  hoops  or  othciwise,  tliai 


of  this    I 
the  hiu 


"     Ito^dhcl  MOKUX.I      (L.SLbOlld 

le  box  aie  also  fiimlj  uiiitid  It 
I  tive  ends  of  the  two  clieiks ,  so 
111  III  I  III  ciown  of  this  anchoi,  as  also  the 
u|ipn  rnd  ol  the  shank,  is  qiute  as  soUdly  fonned  ib 
m  the  common  anchoi s  The  hollow  pait  of  tho 
shank  reaches  only  fiom  wheie  the  parts  aie  bound 
to£.ethei  by  the  hoops  This  is  a  most  important 
advantage,  and  does  moic  than  anythmg  else  foi  the 
stabibty  of  the  shank,  by  preventing  the  sbduig  of 
the  surfaces  This,  with  the  assistance  of  the  lioops, 
lendeis  the  shank  neaily  as  st  img  ?s  if  foiged  all  in 
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one  piece,  and  piobably  stronger,  from  tlie  facility  of 
forging  the  parts  in  pieces  of  smaller  bulk.  Upon 
the  whole,  I  liave  no  hesitation  in  saying  that  an 
anchor  vrith  a  hollow  shank,  made  upon  tliis  plan, 
provided  the  work  be  well  and  properly  executed, 
must  be,  taking  weight  for  weight,  considerably 
stronger  than  an  anchor  made  in  the  common 
manner." ' 

In  addition  to  the  forms  of  anchor  ali-cady  noticed 
we  Dvost  mention  the  moonng  anchor,  which  is  used 
for  securing  vessels  in  certiun  situations  in  harbours 
or  roadsteads.  These  anchors  are  fixtures  in  the 
liarbour,  and  their  shape  is  of  little  consequence, 
compared  with  their  powers  of  resistance.  A  mooring 
anchor  is  in  some  eases  only  a  ponderous  mass  of 
stone,  with  a  ring  attached  to  the  upper  surface.  lu 
other  cases,  one  of  the  largest  ship's  anchors,  weighing 
SO  cwt.,  wliich  has  been  accidentally  damaged,  is 
used,  and  one  of  the  arms  is  beaten  down  upon  the 
shank,  to  prevent  it  from  entangling  the  cable. 
Hemmans'  mooring  anchor  is  of  cast-iron,  and  very 
niiissive.  The  form  somewhat  resembles  a  spade, 
and  when  the  edge  has  once  penetrated  the  an- 
chorage, it  retains  a  very  firm  hold.  Mooring  anchors 
have  a  very  strong  iron  chain,  one  end  of  which  is 
attached  to  the  ring,  and  the  other  supported  at  the 
svu-face  by  means  of  a  buoy,  and  to  which  the  ship  is 
fiwtened. 

Anchors  are  sometimes  liable  to  be  disturbed  by 
a  curious  circiunstance,  namely,  the  formation  of 
ground  ice,  as  it  is  called,  at  the  bottom  of  the  water. 
The  following  are  examples  of  this  kind.  On  the  9th 
Pebruary,  1S06,  dui-iug  a  strong  north-east  wind,  and 
a  temperature  of  34°  Fahr.,  a  long  iron  cable,  to  wliich 
the  buoys  of  the  fair  way  were  fastened,  and  which 
had  been  lost  sight  of  at  Schappelswreck  in  the 
Baltic,  in  a  depth  of  from  15  to  18  feet,  suddenly 
.appeared  at  the  surface  of  the  water,  and  floated 
there :  it  was  completely  incrusted  with  ice,  to  the 
thickness  of  several  feet.  Stones,  also,  of  from  3  to 
6  lbs.  weight,  rose  to  the  surface,  sun-oundcd  with  a 
thick  coat  of  ice.  A  cable  SJ  inches  thick,  and  about 
30  fathoms  long,  which  had  beeu  lost  the  preceding 
tnnnmer,  in  a  depth  of  30  feet,  appeared  at  the  surface, 
with  a  coating  of  2  feet  of  ice.  On  the  same  day  it 
was  necessary  to  warp  the  government  ship  into 
liarbour,  in  the  face  of  an  east  wind;  the  anchor, 
after  it  had  rested  an  hour  at  the  bottom,  became  so 
incrusted  with  ice  that  it  required  no  more  than  half 
the  usual  power  to  heave  it  up.  Had  it  remained 
sufficiently  long,  and  the  ice  accumulated  upon  it  to 
a  greater  thickness,  the  probability  is  that  it  would 
have  risen  to  the  surface.^ 

ANCHOVY.  A  family  of  small,  soft-finned  fishes, 
related  to  the  herring,  and  inhabiting  principally  the 
tropical  seas  of  Lidia  and  America.  There  are  six  or 
seven  species,  of  which  one  {Engraulis  encrasiclwlus), 
common  in  the  seas  of  Europe,  is  remarkable  for  its 
fine  flavour ;  and  a  second,  often  met  with  in  the  same 
localities,  is  occasionally  sold  for  the  same  pm-jiose. 


namely,  to  fomi  the  celebrated  anchovy  sauce,  known 
since  the  time  of  the  Romans,  and  greatly  esteemed 
by  that  people  under  the  name  of  garum.  The 
fishing-grounds  for  the  anchovy  are  the  shores  of  the 
MediteiTanean  Sea,  where  this  fish  occurs  in  prodi- 
gious numbers  during  the  months  of  May,  June,  and 
July,  migrating  thither  from  the  Atlantic  for  the 
piu'pose  of  depositing  spawn.  The  fishing  is  earned 
on  by  night,  the  anchovies  being  attracted  towards 
the  boats  by  means  of  charcoal  fires  kindled  iu  the 
stems.  "RTien  caught,  the  heads,  gills,  and  entrails 
are  removed,  and  the  bodies  salted  and  arranged  in 
small  casks,  of  from  five  to  twenty  pounds'  weight. 
In  this  state  they  will  keep  for  a  considerable  time, 
supposing  that  proper  means  have  been  taken  to  keep 
out  the  air.  On  opening  the  barrel,  the  fish  should 
be  plump  and  firm,  with  a  silvery  lustre  on  the  skin, 
red  flesh,  and  a  small,  compact  form.  If  this  be  not 
the  case,  and  the  fish  be  flabby  and  pale-coloured, 
and  tapering  very  much  towards  the  tail,  it  will 
probably  turn  out  to  be  not  the  true  anchovy,  but 
another  species  {E.  meleltd),  inferior  to  it  in  quality. 
Anchovy  sauce  is  made  by  bruismg  or  chopping  the 
fish,  and  allowing  it  to  simmer  with  melted  butter 
over  a  slow  fire.  A  Uttlc  lincgar  and  flour  arc  fre- 
quently added,  the  one  to  give  piquancy,  the  other  to 
thicken  the  sauce,  and  in  tlus  way  the  fish  entirely 
dissolves,  and  becomes  of  the  proper  consistence  for 
use.  It  is  then  potted  or  bottled,  and  foi-ms  the 
well-kuovvn  condiment  so  much  in  use.  Anchovies 
sometimes  appear  at  the  breakfast-table,  whole,  and 
are  eaten  with  no  other  preparation  than  that  which 
they  originally  received  to  fit  them  for  the  market. 
Anchovies  form  an  important  article  of  commerce. 
About  120,000  lbs.  are  annually  entered  for  home 
consumption. 

A?JEMO:METEIt,  a  wind-measurer,  from  Si/ffios, 
the  wind,  and  ^erpov,  a  measure.  It  is  a  matter  of 
considerable  importance  to  mechanical  science  to 
determine  the  velocity  or  force  of  the  wind.  Its 
dii-eetion  is  indicated  by  that  ancient  instrument  the 
weather-cock,  which  consists  of  a  vane  of  thin  metal 
(formerly  made  in  the  shape  of  a  cock,  whence  the 
name),  and  an  arrow,  turning  freely  at  the  upper 
extremity  of  a  fixed  vertical  rod,  the  vane  being  on 
one  side  and  the  arrow  on  the  other,  so  that  the  vane 
takes  a  position  in  the  du-ection  of  the  wind,  and  the 
arrow  points  to  the  quarter  from  which  it  blows. 
The  first  instrument  invented  for  measni-hig  the  force 
of  the  wind  seems  to  have  been  by  Dr.  Crouue  in 
1667,  which  did  not  answer  the  pui-pose  intended. 
Better  instruments  were  invented  by  Wolfius,  and 
other  scientific  men  during  the  last  century,  but  as 
then:  most  valuable  features  have  been  preserved  in 
modem  instruments  about  to  be  described,  it  is  not 
necessary  to  notice  them  here  further  thau  to  state, 
that  in  most  of  these  contrivances  the  velocity  of  the 
wind  was  measured  by  its  mechanical  effects.  The 
compression  of  a  spiral  spring,  the  elevation  of  a 
weight  round  a  centre  acting  at  the  arm  of  a  variable 
lever,  were  the  chief  means  employed  to  balance  and 
cousequentiy  to  measure  the  force  of  the  wind.     The 
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spring,  however,  wliich  from  its  simpKcity  has  hecii 
commonly  used,  is  liable  to  this  objection,  that  it 
duiiinishcs  in  elasticity  by  frequent  compression,  and 
thus  the  scale  by  wliich  its  force  is  ascertained  must 
be  constantly  varying.  To  remedy  this  defect  there 
has  sometimes  been  substituted  for  the  spring,  a  bag 
of  air  communicating  with  a  glass  tube  in  the  form 
of  a  lengthened  U,  containing  a  liquid  which  is 
depressed  in  one  leg  and  raised  m  the  other  in  pro- 
portion to  the  compression  of  the  air  in  the  bag, 
thus  atfording  a  measure  of  the  compressing  force. 
Lcsbc's  anemometer  depended  on  the  principle  that 
(lie  cnuliug  power  of  a  stream  of  air  is  eq\ial  to  its 
\-'  A,!  Jul-    iustiTunent    depended    on    the 

<  ■  '■      I  'I      .iiCr,  the  quantity  evaporated  in  a 

piijportional  to  the  velocity  of  the 
v-i!'l.     tl'    I    I  ill,--  of  a  cohmm  of  fluid  above  the 
general  level  of  its  sm-faec  is  the  principle  of  Dr. 
Lind's  anemometer,  Fir/,  il.    It  consists  of  two  glass 
tubes  about  9  inches  long  and  Tritbs  of 
an  inch  in  diameter,  connected  at  their 
lower  extremities  by  another  tube  of 
glass  only  yVtb  of  an  inch  in  diameter. 
To  the  upper  extremity  of  one  tube  is 
fitted  a  thin  metal  cap  bent  at  right 
angles,  so  that  its  month  may  receive 
the    ciuTcnt    of    air  iu   a  horizontal 
lUrectiou.     Water  is  poured  hi  at  the 
iii.iulh  till  the  tubes  are  nearly  half 
[| :    II  ;  ill,  and  a  scale  of  inches  and  parts  of 

' — «-  "  :  I  inch  is  placed  between  the  tubes. 
\\  hen  the  wind  blows  in  at  the  mouth 
of  the  cap,  the  column  of  water  is 
depressed  in  the  tube  below  the  cap, 
and  elevated  to  a  similar  extent  in 
the  other  tube,  so  that  the  distance 
between  the  siu-faces  of  the  fluid  in 
Fi<i.  u.  each  tube  is  the  length  of  a  column  of 
water,  the  weight  of  which  is  equal  to  the  force  of 
the  wind  upon  a  surface  equal  to  the  base  of  the 
column  of  fluid.  The  object  of  the  small  tube  which 
connects  the  two  larger  ones  is  to  prevent  the  oseUla- 
i-m  rf  tlif  (l.iid  by  ii-regular  blasts  of  wind.  The 
i'l  :  ,:  \.'  i  !i  .  of  the  wind  is  deduced  from  the 
]  .!  Mill  of  water,  or  it  may  be  ascertained 

li  ,,;  hi,  I  :.  .  ,  nnstrueted  for  the  piu-pose.  Thus, 
aeeoolin-  to  1  )r.  Liud,  a  column  of  water  0.025  inch, 
or  a  fortieth  of  an  inch  high,  exerts  a  pressure  of 
rather  more  than  2  ounces  1  di-aehm  upon  a  square 
foot  of  surface,  and  balances  the  efl'cet  of  a  gentle 
wind  moving  at  the  rate  of  about  5|  feet  in  a  second, 
or  not  quite  4  miles  an  horn-.  When  the  column  of 
water  is  1  inch  high,  the  force  of  the  wind  on  a 
square  foot  is  nearly  5Jtbs.,  its  velocity  32J  nules  an 
hour,  and  its  character  a  high  wmd.  When  the 
column  marks  3  inches,  the  force  is  upwards  of  15ilbs. 
cu  the  square  foot,  the  velocity  above  SOj  miles  per 
hour,  and  the  character  a  storm.  At  9  mches  the 
force  on  the  square  foot  is  stated  to  be  461bs.  14  oz. 
the  velocity  971  miles  an  liom-,  producing  a  mos 
violent  humcane.  Thus,  it  will  be  observed  that  u 
the  gi-eateat  storms,  the  difference  between  the  atino 


spheric  prcssui'cs  on  the  windward  and  leeward  sides 
of  any  object  does  not  amount  to  ..^'nth  of  the  pressure 
of  the  leeward  side ;  for  that  is  capable  of  supporting 
column  of  about  33  feet  of  water. 
Of  late  years  the  most  common  forms  of  ane- 
mometer are  those  by  Dr.  'RTieweU  and  IMr.  Osier. 
The  general  arrangement  of  AVhewcll's  anemometer 
'Ul  be  understood  from  Fii/.  43,  in  wl\ieh  it  will  be 


1  that  by  means  of  a  vane,  a  winchiiill  fly  is  con- 
illy  presented  to  the  wind  in  whatever  direction 
it  may  blow,  and  the  fly  of  course  revolves  with 
greater  or  less  rapidity  aecordmg  to  the  velocity  of 
the  current.  An  intermediate  train  of  wheels,  set  in 
motion  by  the  fly,  causes  a  peneU  to  descend  over  a 
fixed  cylinder,  having  thereon  a  trace  of  variable 
length,  according  as  the  wind  is  more  or  less  strong. 
10,000  revolutions  of  the  fly  cause  the  pened  to 
descend  only  nV  of  an  inch.  The  surface  of  the  fixed 
cylinder  is  japaimed  white,  and  is  divided  into  16  or 
32  equal  parts  by  moans  of  vertical  Unes,  the  inter- 
vening spaces  corresponding  to  16  or  32  points  of 
the  compass,  and  a  mark  left  by  the  pencil  upon  one 
or  more  of  these  spaces,  shows  the  direction  of  the 
wind.  The  pencil  has  two  motions,  the  first  from 
above  downwards,  and  this  increases  in  rapidity  as 
the  wind  blows  more  strongly,  and  by  the  extent  of 
its  depression  registers  the  whole  amount  of  wind 
that  has  been  blowing.  The  second  motion  depends 
on  the  changes  in  the  direction  of  the  wind ;  and  the 
pencil  and  its  frame  being  earned  round  by  the  vane, 
the  direction  is  registered  by  this  cross  movement. 
In  this  an-angement,  therefore,  the  vane,  the  windmill 
fly,  the  intennediate  train  of  wheels  and  the  pencil, 
all  obey  the  direction  of  the  wind ;  while  the  cylinder 
which  marks  the  points  of  the  compass  remams  fixed, 
so  that  the  pencil  in  descending  and  moving  about 
with  the  wind  thus  traces  an  irregular  line  on  the 
I  cylinder.    If  the  fly  revolve  in  the  simple  proportion 
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of  tlie  velocity  of  the  -n-iud,  the  length  of  line  marked 
by  the  pencil  is  proportional  to  the  space  which 
would  be  described  by  a  particle  of  air  in  a  given 
direction  in  a  given  time,  such  as  one  day,  taking  into 
account  the  strength  of  the  wind  and  the  time  for 
which  it  blows. 

The  line  marked  by  the  pencil  upon  the  cylinder  is 
not  a  single  line,  but  a  broad  irregular  path.  This 
is  occasioned  by  the  wavering  of  the  -nind.  The 
vane  is  in  almost  constant  motion,  swinging  to  and 
fro  through  an  arc  often  not  less  than  a  quarter  of  a 
circle;  but  the  middle  of  the  Kne  which  gives  the 
mean  direction  can  readily  be  ascertained,  while  the 
length  of  the  line  is  m  proportion  to  the  product  of 
the  velocity  of  the  wind  and  the  length  of  time 
during  which  it  blows  in  each  direction,  which  product 
is  called  its  iniegral  force. 

The  amount  of  friction  in  this  machine  is  very 
considerable,  arising  from  perpetual  screws  working 
iu  toothed  wheels,  for  the  purpose  of  converting  the 
rapid  motion  of  the  fly  into  a  slow,  descending, 
vertical  motion,  again  carried  out  by  a  thread  turning 
within  a  movable  nut.  There  is  also  the  friction  of 
the  pencil  attached  to  tliis  nut  pressing  with  suflicicnt 
force  so  as  to  leave  a  trace  oa  the  fixed  cylinder. 
Hence  when  the  force  of  the  wind  is  small  the  fly 
would  experience  a  greater  amount  of  comparative 
retardation  than  with  strong  gales. 

Osier's  anemometer  traces  the  direction  of  the 
wind  and  its  pressure  on  a  given  area,  together  with 
the  amount  of  rain,  ou  a  register  divided  into  24 


square  foot.  The  lower  portion  ol  the  paper  registers 
the  quantity  of  rain.  The  whole  length  of  the  paper 
is  divided,  for  the  hours  of  the  day,  into  24  parts  by 
lines  crossing  the  former  at  right  angles.  A  new 
register  paper  is  placed  on  a  board,  and  accurately  set 
every  day,  and  the  board  is  carried  along  by  means 
of  a  clock  mechanism,  behind  three  pencils  A,  B,  c, 
which  may  be  considered  as  the  finders  or  indexes  of 
the  machine.  The  board,  which  is  placed  upright  as 
in  the  figure,  moves  on  friction-rollers,  and  is  thus 
moved  along  as  the  time  advances. 

The  peucd  b  is  the  index  of  dii-ection.  The 
method  by  which  the  instrument  is  turned  so  as  to 
obey  the  direction  of  the  wind  will  be  seen  in  Kg. 
4i.  A  set  of  vanes  or  sails  revolve  vertically  in  a 
plane  at  right  angles  to  that  of  the  pressui-e  plate  r, 
and  drive  a  cog-wheel,  which  by  rolling  on  a  fixed 
cogged  circle,  tiims  all  the  rest  of  the  apparatus 
round  till  the  vanes  are  presented  edgewise  to  the 
current,  so  as  not  to  be  turned  by  it  either  way,  when 
the  pressure  plate  being  at  right  angles  to  the  vanes 
is  acted  on  with  full  efi'ect.  As  the  vanes  turn  in  the 
dii-ection  of  the  -sviud,  a  spiral  wonn  on  the  shaft 
near  its  lower  end  raises  or  lowers  the  nut  i,  Tig.  43, 
which  does  not  turn  round,  and  from  which  hangs 
the  arm  carrying  the  middle  pencil  B,  which  thus 
traces  a  mark  on  one  of  the  long  lines  of  the  register 
if  the  wind  be  blowing  towards  one  of  the  cardinal 
points,  or  a  mark  between  these  lines,  if  it  be  blo\ving 
from  intermediate  points,  such  as  NN.W.,  N.W.  &c., 
which  may  be  represented  by  fainter  lines  parallel 
with  the  others. 

The  method  by  wliich  tlic  pressure  plate  p,  Fig.  44, 
is  always  made  to  face  the  wind,  has  been  already 
described.    This  plate  is  suspended  by  means  of  4 


portions,  corresponding  to  the  24  hours  of  tlie  day. 
A  portion  of  one  of  these  register  papers  is  shown 
m  i"ig.  43,  the  central  part  of  which  is  marked  with 
a  series  of  lines  corresponding  to  the  cardinal  points 
of  the  compass.  Tliis  is  for  indicating  the  direction 
of  the  wind.  The  upper  portion  of  the  paper  re- 
gisters the  pressure,  and  is  graduated  by  a  series  of 
lines  correspondins;  to  the  pressure  in  pounds  on  the 


flexible  springs,  each  of  which  is  double,  and  consists 
of  a  delicate  spring  to  be  acted  on  by  gentle  winds, 
and  a  stronger  one  to  receive  the  pressure  of  violent 
winds.     By  this  means  cm-rents  of  only  1  mile  an 
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hour  are  measured,  ;mj  the  pressiu-e  of  the  \rind  in 
violent  gales  also  recorded.  The  motion  of  the  plate 
is  coramunioated  to  the  register  below  by  a  wire 
eoimeeted  ^vith  the  bcU-crank  c,  with  another  wire 
descending  tlirough  the  hollow  npright  shaft  and 
kept  stretched  by  a  spu-al  spring.  To  this  wii-c  is 
attached  the  upper  pencil  c,  which  thus  descends 
lower  the  more  the  pressure  plate  p  is  pushed  back, 
and  returns  to  the  top  of  the  paper  when  the  pressure 
ceases.  The  distance  to  which  the  pencil  is  thus 
depressed,  represents,  by  meaus  of  a  scale  of  parallel 
lines,  shown  in  Fig.  43,  the  pressure  of  the  wind  in 
pounds  on  the  area  of  1  s(iu.are  foot,  or  its  velocity  in 
miles  per  hour. 

The  pencil  a  registers  the  rain  in  i  similar  manner 
The  m  alter  faUing  nto  the  vessel  d  o  the  roof 
&o\i  s  to  G  one  of  the  t  o  divis  oi  s  of  a  gau  e 
bala  c  d  on  a  a\s  anl  supjo  ted  ly  a  seeo  d 
b  la  ce  As  the  water  accu  ulates  this  secon  1 
bala  ce  1  eg  us  to  Icb  end  and  so  ra  ses  tl  c  up  ^\t 

0 1  to  vhich  the  leve  f  s  attached  Th  s  leve 
i     c  tl  e  ]  enc  1    vl  oh  1  y  tl  b  act        b    a  se  1 

si     V  u"-     1  on  the  lo   est  set  of  ]  arall  1  lines   the 

1  t  ty  ot  vatei  collect  d  in  the  "a  gc  "When 
tl  s  ju  nt  ty  becomes  tq    1  to     ee  tau    lejthof     m 

0  to  a  certa  n  number  of  c  b  c  mehes  on  a  foot 
sjuae  the  snail  gauge  ove  sets  the  watei  s  Is 
cl  a  ge  1  and  the  othe  con  p  t  ent  H  of  tl  o  ga  ^o 
b  1         ht  ml     the  ]  1        II  e  pencil  tl  en  retui 

t     f    1     t  1      to      t  tl     1  ott       of  the  paper        1 

1  e  to  on  tl  c  Ic  the  ram  s  collect  I 
I    a  t  ace  oi  tl  s  ku  1   t  vill  1  o  seen  tl  at  the  mo 

ap  dly  tl  e  ra  n  faQs  the  si  a  i  or  will  1  e  the  angl  s 
fo  ed  by  the  trace  of  the  j  eucd  but  f  tl  e  lam  1  e 
slow  an  1  gradual  tl  e  elevatmg  or  bagon  1  hnes  viU 
be  dra  vn  0  t  u  to  a  coi  s  de  i  ble  length ,  and  wl  en 
no  rain  falls  a  horizontal  line  will  be  drawn,  as  shown 
in  Fig.  43,  from  vi  to  -J  after  viir,  and  from  x  |  to  I. 

It  win  be  seen,  then,  from  this  arrangement,  th.it 
as  the  register  is  constantly  and  hourly  iii()\r<l   il  .i 
behind  the  three  pencils,  a  continued  rceiinl  - 
of  the  direction  and  pressure  of  the  wiml,  ! 
with  the  amount  of  rain,  is  left  on  the  papi  i       i  i 
■13  and  44  are  intended  to  convey  a  general  idea  ol 
Mr.  Osier's  arrangement  in  the  Royal  Exchange, 
London,  where  the  register  paper  is  made  to  last  a 
week.     When  the  Editor  visited  the  Meteorological 
01)scrvatory  at  Greenwich  a  few  years  ago,  he  noticed 
that  the  register  was  placed  horizontally  on  a  table, 
and  being  on  a  larger  scalo,  it  was  clKuigcd  every  day. 

By  meaus  of  such  .m  '>    ' 'I  '. ,    n  .certain  the 

dirccliou,  iho  chriifi:..  .n'M'  /  " I'  the  wind. 
It  is  necessary,  hoMv  x.  i  ,  ;  L  ,::,..  of  science 
that  the  iiitetjral  of  ll;.  \.~v.  I  \«^  ^li  ilinrd  for  each 
pohit  of  the  compass;  fliat  is,  ti)  ascertain  the  entu'C 
quantity  of  wind  which  has  blown  from  each  point 
during  a  given  period.  Now  if  the  force  of  the 
wind  were  constant,  the  integral  would  be  obtained 
by  multiplying  the  length  of  time  that  the  wind  is 
blowing,  by  the  velocity  with  which  it  moves. 

The  integral  of  the  wind,  or  the  total  quantity  as 
measured  by  its  intensity  and  duration  jointly,  may 


be  thus  illustrated.  If  the  intensity  or  force  of  one 
wind  be  to  that  of  another  as  2  to  3,  and  if  the 
former  wind  last  6  houi'S,  and  the  latter  only  2,  thi." 
integral  of  the  former  is  double  that  of  the  latter, 
for  it  has  blown  tmee  as  much  air  over  the  place ; 
for  supposing  the  second  wind  to  be  opjjosite  to  the 
fii-st,  it  must  blow  for  4  hours  before  it  wUl  carry 
back  all  the  air  which  the  fii-st  had  blown  over.  The 
integral,  therefore,  is  proportional  to  tlie  product  of 
the  mean  intensity,  or  velocity,  and  the  duration 
multiplied  together. 

In  a  similar  manner  the  area  of  a  rectangle  is  pro- 
portional to  its  length  and  breadth  taken  jointly. 
Now  if  we  have  such  a  figure  whose  length  represents 
the  duration  of  the  wind  while  its  breadth  represents 
theyb  e  01  veloc  iy  as  tins  fo  ce  s  constantly  va  ymg 
the  b       fl     f  fl     f  t     1  0  Ic 
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sunilyly  tl       1  ^tl      1     1    tl     i         11  1        I 

this  msti  unent  no  atte  pt  s  n  ade  to  leeo  d  the 
t  ne  <[.  irmg  vhich  eacl  nd  1  lows  the  /  es  of  il 
eld  r/es  01  lis  fo  ee  at  a  y  g  ven  no  e  t  1  ut  n  eroly 
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cent  e  of  wh  cl  eorresponls  to  o  c  of  the  16  o  i'> 
pomts  of  tie  comiass  All  v  is  tl  e  foie  not 
deviatmg  moie  than  03°  fiom  any  one  of  these  pomts 
if  32  be  used,  or  11^°  if  16  be  used,  are  regarded  as 
blowing  exactly  from  that  point.  This  is  a  defect 
comrnnn  to  all  anemometers  now  in  use,  but  by  in- 
'  1'  I  '  I  :  ilii    Miiiiilier  of  subdi\'isions,  the  results  will 

Mi  :    iinrd  by  means  of  Whewell's  instru- 

I  '  t  1  1'"  iiii<  r;ils,  or  lengths  of  line  described  by 
the  pencil  in  each  division  during  a  certain  period, 
we  may  lay  down  these  lengths,  or  proportionate 
ones,  in  their  proper  order  and  direction,  so  as  to 
form  a  contiuucd  crooked  Fig.  a. 

luie,  wliich  expresses  all 
the  quantities  and  changes 
of  the  wind,  and  is  called 
the  fi/pe  of  the  Avind  for 
that  particidar  place  and 
period.  Fig.  45  represents 
the  type  of  all  the  wind 
that  blew  over  Plymouth  e     '/Ji 


dm-ing  the  month  of  August'    "^     f        |  1 

and    part    of     September,         - 

1843.     Such  a  Une  may  be 

regarded  as  the  path  that 

would  have  been  described 

by  a  vessel  drifting  upon  a 

still  lake  durmg  that  period. 


w.-/ 


5i 


ANEMOMETER, 


provided  it  moved  witli  a  speed  always  bearing  a 
constant  ratio  to  tliat  of  the  wuid.  If  tlie  two  ends 
ol  tliis  line  be  joined  by  a  straight  line,  this  will 
sLow  the  direction  of  the  resultant,  or  average  effect 
of  all  the  winds  felt  at  Plymonth  during  that  period ; 
which  in  this  case  is  N.  23°  E.,  or  about  equivalent 
to  a  SS.W.  wind.  This  average  dii-ection  is  not  the 
premiliiig  direction  of  the  wind,  or  that  in  which  it 
most  commonly  blows ;  for  the  provading  winds  may 
be  very  gentle,  and  the  greater  force  of  those  from 
the  opposite  quarter  may  more  than  compensate  for 
their  shorter  duration,  so  that  the  average  direction 
as  regards  the  integral,  or  time  and  intensity  taken 
jointly,  may  be  very  different,  or  even  opposite  to  the 
average  direction  if  time  alone  be  considered.  In 
this  country,  however,  both  these  averages  have 
uerirlytlir  saiMC  diroetion;  the  latter,  or  time-average, 
1h->  :  r  :iMi  .1,  t  t u  a  wmd  blowing  from  some  point 
1h  ^   ,        \>  .  :  and  the  former,  or  tnie  average, 

ill.  in  J  !i  ,1,',  I.  ,  ,,  vii-y  variable  when  the  resultimts 
of  duierciit  jiiouilis  or  seasons  are  compared,  yet  in 
the  type  of  a  whole  year,  its  general  dii-ection  is 
found  invariably  to  run  northward,  and  mostly  east- 
ward from  the  starting  point.  In  the  present  state 
of  the  inqnii-y  there  is  some  discrepancy  between  the 
results  obtamed  by  diiferent  instruments;  Whe- 
weU's  placing  the  mean  direction  for  three  years 
nearer  N.  than  E.,  whUe  Osier's  makes  it  nearer  E. 
than  N.  The  latter  is  more  likely  to  be  coiTcct, 
because  in  WheweU's  instrument  the  velocity  of  the 
windmill  fly  does  not  bear  a  constant  ratio  to  that  of 
the  wind,  but  is  more  than  proportionally  faster  in  a 
quick  than  in  a  slow  wind,  so  that  the  distance  wliich 
the  pencil  descends  being  proportional  to  the  re- 
volutions of  the  fly,  cannot  correctly  represent  in- 
tegrals of  wiad ;  that  is  to  say,  the  spaces  through 
which  it  descends  during  two  successive  periods  do 
not  uecessarUy  bear  the  same  ratio  to  each  other, 
do  the  quantities  of  wind  that  have  passed  over  t 
instrimient  during  these  two  periods.  This  objectic 
is  surmounted  in  Osier's  insti-ument,  which  is  drivi 
by  a  clock,  and  merely  directed  or  regulated  by  the 

But  if  Osier's  instrument  is  more  correct  than 
VVhewell's,  it  is  more  difficult  to  represent  the  results 
in  the  usef\d  fomi  above  described.  If  the  instru- 
ment be  in  perfect  order,  the  upper  trace  made  on 
the  paper  by  the  pencU  c  should  be  such  that  its 
ordinates'  are  proportional  to  the  velocity  of  the 
wind;  that  is,  the  ordinates  at  any  two  different 
moments  should  bear  the  same  ratio  to  each  other, 
as  did  the  velocities  of  the  wind  at  these  twi 
moments.  In  this  case  the  total  amounts  of 
wind  passing  over  ths  instrument  during  different 
periods,  will  be  proportional  to  the  areas  of  the 
portions  of  curve  traced  during  those  periods ;  that 
is  to  say,  the  spaces  contamed  between  the  c 
the  base  line,  and  the  two  ordinates  at  the  lir':"'i 
and  end  of  each  period.     It  is  only  by  i       - 


and  comparmg  these  areas  that  we  can  obtain  the 
proportion  of  the  integrals  of  wind  during  different 
periods  of  time. 

To  lay  down  a  tyjje  of  the  wind  similar  to  Fig.  45, 
we  must  divide  the  periods  in  such  a  manner,  that 
diu-ing  each  period  in  which  the  direction  of  the  wind 
may  have  been  constant,  or  confined  within  certain 
limits,  such  as  two  rhiunbs,  or  22J°  or  one  rhumb, 
\1\°.  For  this  pm-pose  that  part  of  the  register 
paper  which  registers  direction  must  be  divided  by  16 
or  32  longitudinal  lines,  such  that  when  the  vane 
points  to  any  one  of  the  16  or  32  principal  points  of 
the  horizon,  the  pencil  b  may  rest  midway  between 
two  of  these  lines.  We  must  then  note  all  the 
points  where  the  pencil  track  intersects  these  lines, 
and  from  every  such  intersection  raise  a  perpen- 
dicular to  the  top  of  the  paper ;  these  perpendiculars 
win  evidently  divide  the  upper  curve,  or  that  of  force, 
into  portions,  each  of  which  may  be  regarded  as 
belonging  to  one  wind  only,  for  during  its  description 
the  ^vind  did  not  deviate  more  than  5^°,  (if  we  use 
32  poittts,  or  11|°,  if  we  use  only  16,)  on  either  side 
of  a  certain  point.  By  ascertaining  the  areas  of 
these  different  portions,  and  drawing  lengths  of  Kne 
proportional  to  those  areas,  placing  those  lines  in 
their  proper  directions,  and  in  their  proper  order,  we 
may  obtain  a  type  of  the  wind  more  correctly  than 
by  the  method  before  described. 

The  integrals  of  the  wind  have  hitherto  been  re- 
feiTcd  to  only  as  relative  quantities,  admittmg  of 
comparison  only  with  each  other.  They  have,  how- 
ever, abM'l:i'.'  \:'lih,  i;i:!\-  comparable  with  our 
common^'      '  iv^.     If  a  pressure  plate, 

.  r's  anemometer,  be  fbced 
■  lH>am,  or  some  machine 
d  through  the  air  with  any 
required  velocity  between  1  mile  and  50  miles  an 
hour,  it  matters  not  whether  the  path  be  straight  or 
circular  provided  the  plate  always  face  the  direction 
in  which  it  moves.  If  the  air  be  still,  the  effect  on 
the  plate  is  the  same  as  if  it  were  at  rest,  and 
received  a  wind  of  a  known  velocity  upon  its  surface. 
By  this  means  it  can  be  discovered  what  velocity  of 
wind  is  required  to  produce  any  amount  of  com- 
pression in  the  spring,  such  as  may  be  obtained  by 
placing  weights  of  known  value  on  the  pressure 
plate.  In  this  way  a  scale  of  the  velocities  or  force 
of  the  wind  may  be  constructed,  and  absolute  valacs 
in  ndles  may  be  assigned  to  aU  the  lines  whicli 
compose  any  type  of  the  wind,;  and  on  measuring  by 
the  scale  thus  obtained,  the  length  of  the  resultant 
or  line  joining  the  two  ends  of  the  tyjie,  we  thus 
obtain  not  oidy  the  direction,  but  also  the  extent  in 
miles  of  the  entire  movement  of  air  produced  by  the 
combined  effect  of  all  the  winds  that  have  blown 
during  the  period  for  which  the  type  was  constructed. 
In  this  wav  it  wns  ascertained  tliat  the  resultant  of 


to  one  e\t::  ,   -v  .,1  ., 
by  wliich  it  could  be  m 
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i.lie  nunibci-  of  houio  in  i  ycai  tlie  tot'il  effect  of  the 
wind  in  1S41  is  found  to  be  ecjuivilent  to  a  constant 
cui-rcnt  towards  B  2S°  30  N  at  the  rate  of  5  4  miles 
an  hour ;  and  in  1842  towards  E  27°  N  at  the  rate  of 
4.2  miles  an  hour  oi  m  othei  woids  as  if  theie  hal 
blown  dui-ing  these  two  years  i  constant  wmd  fio  i 
W.  S.  W.  i  S  at  4^  miles  an  lioui 

But  tlie  average  velocity  of  the  Avmds  at  Giecnwicl 
dm-ing  the  foimei  -jear  w  o  18  7  an!  duiiiy  the 
latter,  18.3  n  1  s  n  1  ^  u  f  tl  11  lo  1  f 
wind  for  llm-  1  I      I     1        I  I 

type  lin:..  , 
LS41  IK,  ;. 
159,950  iiii!> 
the  air  ii 

resultant  or  elfLOtive 
the  wind  may  be  at  any  pi 
portion  of  it  tliatwdl  1  e  ell     I  1       ll 

sorvations  could  be  i  ade  on  Hl  0|  lu  octui  witl  ui 
the  range  of  the  constait  tialo  win  Is  the  type 
■noulil  probably  bo  a  stnight  hue  and  the  numbeis 
expressing  the  total  and  lesidtant  mtegials.  of  wind 
would  be  equal 

The  direction  oi  length  of  the  resultant  for  any 
given  period  maybe  ollamel  moie  simply  than  by 
laying  do^vii  such  a  type  as  Fig  45  foi  as  the  lines  m 
wliatever  order  they  may  be  placed  wiU  eventually 
lead  to  the  same  pomt  tl  e  flgiue  may  be  sn  j  1  fio  1 
by  coUectiug  and  summing  up  all  the  i  te      1    tl 
belong  to  the  same  wmd  oi  pomt  of  f! 
that  faU  within  the  same  an^le  of  11] 
the  smaller  the  angle  the  b  ttei    a   111 
lines  proportional  to  the  16  o  I 

wlrich  lines  pUcc  1  in  any  oi  1 
directions,  wdl  give  the  sa  1 

whole  type  we  e  di  a  vn     P  f  I  1 

thus  drawn  aie  ]  aiallcl  to  otl   i     it    i      t  i  aiy 

to  draw  more  thai  half  of  the  i    subtiactm.  fiom 


less  than  its  opposite  fion  that  o)  posite,  the  le- 
mamder  bemg  alone  retamed  ll  is  r  ^  46 
eontams  all  the  effective  Imes  of  F  g  45  treated  m 
this  iiaimei  and  g  ves  the  sane  dueetion  and  leni-th 
of  lesultant  by  which  means  iiuch  labour  is  saved 
Tleie  aie  methnls  of  fi  1 1  "•  the  lesultant  by 
calc  d  f  n     f  '      (>         I  to  othei  woiks 

and     I  1 1  Repoit  to  the 

But   1  II      Moikmg  of 

Tn        II         t  t  n        1th  m 


isi 


I  1 


of 


ilbu    I  1    1     ts  of  the  Greenwich 

Ob  x] 

A\M     I  inglo  Sivon  woid  ^« 

e!        I  )      Piom   the    constant 

tend  I  to    abbie\nte  woids  m 

com  1   en  contiacte  1  by  woii 

mei      I  \        1    ^  IS  a  piocess  used  m 

the  IT     I    t  11      f  n     b     id  also  of  certain  metals 
III  the  glass  n  aniifactuie  it  consists  m  placmg  the 
ai  tides  of  glass  whdc  hot  in  an  oven  called  the  her, 
1     p   they   aic  allowed  to   cool  givduallj      They 
1  1   otheiwise  be   too  buttle   foi   i  <;c     foi   the 
t   sciatch  IS   often   siilhcicnt  to   cause    tm 
I   1  glass  to  bieak  and  even  to  fly  to  powder, 
1  lo  it  wdl  often  resist  a  consideiable  blow     The 
c  uious  piopeities  of  unannealed  glass  can  be  ex 
hibited  by  means  of  tl  e  Bolojna  phu  I  and  Pn  ce 
Ripeifs  d)ops     The  formei  is  a  rudely  sh  ij  ed  phial 
3  or  4  mcl  cs  long  about  an  inch  m  diaii  ctoi    an  1  11  e 
ohss  IS  about  J  oi  —  of  an  inch  thicl       II  ^^e  d    p 
into  tl  is  phiol  a  pistol  bullet  fiom  tl  c  1      1 1     t  2 
01  3  fe  t  it  TV  11  not  bicak  it  or  we  m  y    t   kc  it  a 
Ini  1  blow  on  the  outside  \n\]i  the   handle  ot    a 
hammei  without  jioducmg  fiacture    but  if  a  giiin 
of  sand  oi  a  shaip  bit  of  fluit  1  e  allowed  to  f  11  into 
it  it  wiU  crack  and  fall  ii  t     I  II       11  ct 

lb  m  some  cases  pi oduoed  1 1    r 

cases   several  mmutes  elaj  |  1  o 

and  when  we  tluiik  the  ex]  I  I       I     o 

iboittodiop  n  anothei  1  t  rl  11  it 
fly  to  iicces      This  lemarkablo  pro 
peity  seems  to  bo  destioyed  by  age 


for  n 


come  mto  the  i  o  I 

are  a  numbei     1    I 

least  50  yeais  ol  1 

lost  tills  property  ;   bui,  some    [LU    u 

which  will  not  break  by  a  putiole  ci 

flint,  fly  to  pieces  on  scratolung  tin 

inloiior  surface  with  a  (ile.     T         - 

1^    ;i    r„y'..  n,,r    half     of   tllO  SI/C  of  the 

'   ■        lif  these  phials  which 

'     '       iMn])crty.     It   would 

|!    '    -'     ::;-  the  long  peuod  m 


ANNEALING. 


But  tliose 

'I 


wliich  it  lias  been  preserved  in  a  warm  room,  a 
slow  and  gradual,  but  partial  amiealiiig  lias  taken 
place. 

Prince  Rupert's  drops  are  so  called  from  their- 
having  been  fli-st  brought  to  England  by  Prince 
Rupert,  and  exhibited  before  Charles  II.  in  1661. 
Tliey  are  al.u  .  ,l!,>i  ',„ ,;  .  rUrea,  or  glass  tears. 
AVHieu  melt(>l  ■  ,    I  to  dr-op  into  water  it 

forms  a  ^lui  ;:  •  ^  ,  ■  i  ...v  extremity,  and  gra- 
dually tapers  iiUu  a  :=.n.li  u.d  al  the  other.  (Pig.  48.) 
The  greater  number  bui-st  in  the  water,  but  tli 
which  remain  entire  exhibit  all  the  pro- 
perties of  unannealed  glass  in  a  high 
degree.  They  will  bear  a  smart  stroke  c 
the  thick  end  without  breaking,  but  if 
small  piece  be  snapped  off  from  the  taU,  the 
whole  will  bm-st  into  powder  with 
crack.  Under  the  e3diausted  receiver  of  an  air-pump 
they  appear  to  explode  with  more  violence  than  in 
the  air,  and  the  powder  is  finer.  If  the  Bologna 
phial  or  these  drops  be  cautiously  heated  and  slowly 
cooled,  these  peeidiar  properties  are  lost. 

Theie  uc  i  few  substances  m  natui-e  which  increase 
m  bidk  m  passmg  from  the  fluid  to  the  solid  state ; 
w  itci  and  ghss  aie  e\amples  When  glass  is  allowed 
to  cool  slowly,  its  particles  arrange  themselves  in 
such  a  way  as  to  form  a  fibrous  texture,  producing 
an  clastic  sulistancc,  and  one  susceptible  of  long 
f  1     1  but  -nhen  a  quantity  of  melted 

1  I  II,  the  suiface  first  crystallizes 

I  1 1  01  coitmg  round  the  interior 

I  \  utmg  them  fi-om  expanding 

I  I      Ihis  causes  them  to  be  com- 

1  little  mutual  cohesion.     Thus 

111         1  I  Jiops  it  IS  evident  to  the  eye 

th  I  1 1  1  t  IS  cracked  and  divided  into 

a  midtitude  ul  det  iched  paits,  held  together  by  the 
smooth  external  coat  These  mtenial  particles  tend  to 
pi  ess  outwards  so  as  to  occupy  more  space,  but  are 
)«cvcntcd  fioni  doing  so  by  this  external  coat.  In 
consequence  of  this  effort  to  expand,  the  greater 
numlier  of  glass  drops  bui'st  in  cooling ;  those  which 
remain  entire  may  have  a  thicker  external  coat  than 
those  wldch  burst ;  they  will  bear  a  smart  stroke 
upon  them,  because  each  drop  on  being  struck 
vibrates  as  a  whole,  and  does  not  transmit  its  vibra- 
tious  from  the  exterior  to  the  interior;  but  if  the 
lad  be  broken  off,  a  vibratory  movement  is  commu- 
nicated along  the  crystalline  sui'face  without  reacliing 
tlio  internal  parts ;  this  allows  them  some  expansion, 
and  thus  overcoming  the  cohesion  of  the  thin  outer 
shell,  the  glass  is  bm-st  and  dispersed  iu  powder.  In 
unannealed  glass  vessels,  such  as  a  di-inking  glass, 
the  same  thing  occm-s.  If  such  a  vessel  be  struck 
or  throvra  into  vibration,  the  vibrations  may  continue 
for  a  considerable  time  before  the  internal  parts  over- 
come the  resistance.  If  the  vessel  be  thin,  the 
regular  crystallization  of  the  sm-face  may  extend 
tlu-ough  the  whole  thickness,  or  the  quantity  of  com- 
pressed matter  in  the  middle  may  be  so  small  as  to 
bo  incapable  of  bm-sting  the  external  crust.  It  often 
happens  that  a  wine  glass  or  other  ai-ticlo  of  ii-regular 


j  form  breaks  in  cooluig,  simply  from  its  unequal  con- 
traction at  dift'erent  parts. 

Some  writers  regard  the  external  crust  as  a  hollow 
arch  enclosing  a  quantity  of  loose  materials,  and  the 
effect  of  scratching  this  crast  or  breaking  off  a  portion  of 
it,  to  be  the  same  as  suddenly  pulling  out  one  of  the 
voussoii-s,  whereby  the  whole  system  falls  to  pieces. 

In  the  process  of  annealing,  glass  is  kept  during 
many  hours  in  a  state  approaching  the  fluid ;  the  heat 
increases  the  bulk  of  the  outer  or  crystaUuie  portions, 
and  renders  it  so  soft  that  the  interior  parts  can 
expand  and  crystallize  regularly.  Mr.  Pellatt  has 
shown  experunentaUy  that  a  re-arrangemeut  of 
particles  does  occur  in  annealing.  Two  pieces  of  the 
same  length  of  tube,  each  40  inches  long,  were  the 
subject  of  trial.  One  piece  that  was  scut  through 
the  leer,  contracted  -jV  of  an  inch  more  than  the 
other  which  was  cooled  as  in  the  open  air.  The 
Editor  has  also  noticed  that  the  fragments  of  a 
Bologna  phial  when  put  together  do  not  fit,  as  the 
fragments  of  annealed  glass  do. 

Lamp  glasses,  tubes  for  steam  gages,  and  suiiilar 
articles  which  are  exposed  to  sudden  transitions  of 
heat  and  cold,  may  be  more  perfectly  annealed  than 
is  done  in  the  glass-house,  by  placing  them  in  a  vessel 
of  cold  water,  and  raising  it  slowly  to  the  boihug 
temperatui-e,  and  keeping  the  articles  for  some  hours 
at  that  heat,  and  then  allowing  the  whole  to  cool  very 
slowly.  Articles  of  flint-glass  which  have  to  be  cut 
are,  when  found  to  be  imperfectly  annealed,  subjected 
to  this  process,  wliich  is  found  preferable  to  passmg 
them  a  second  time  through  the  leer.  A  lamp-glass 
is  much  less  exposed  to  fracture  after  it  has  been  once 
used,  because  the  heat,  if  not  too  suddenly  checked, 
completes  the  annealing. 

The  process  of  annealing  is  extensively  employed 
for  softening  the  malleable  metals,  which,  under  the 
action  of  the  hammer  or  of  the  roUer,  have  gradually 
increased  in  hardness  and  elasticity  and  m  density 
from  the  close  approximation  of  then-  particles. 
Steel  often  becomes  remarkably  hard  and  dense  in 
the  process  of  hammer  hardening,  or  hardening  without 
heat,  which  is  frequently  the  only  means  of  hardeimig 
some  kinds  of  steel  springs.  In  some  descriptions  of 
steel  goods,  which  are  formed  by  the  hammer  and 
then  required  to  be  filed  iato  shape,  as  in  scissors,  or 
teeth  to  be  cut  as  in  files,  the  metal  is  softened  by 
annealing.  So  also  in  the  process  of  wii-c-di-awuig, 
the  metal  is  greatly  increased  in  hardness  and 
elasticity,  which  if  not  removed  fi-om  time  to  time  by 
amiealing,  would  prevent  the  extension  of  the  wire, 
and  render  it  too  brittle  to  be  applied  to  any  useful 
pui-pose.  In  rolling  or  flattening  metals,  the  working 
and  annealing  are  alternately  repeated  until  the  sheet 
reaches  its  lunit  of  teniuty.  The  brazier  who  forms 
vessels  of  copper  and  brass  solely  by  the  hammer,  can 
work  on  them  only  for  a  short  time  before  they  re- 
quii-e  annealing. 

Articles  of  ii-on  and  steel  are  sometimes  annealed 
by  piling  them  in  an  open  fire,  and  raismg  them  slowly 
to  a  red  heat:  they  are  then  left  to  cool  gradually. 
This  method  is  injurious  on  account  ot  a  scale  of 
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oxide  which  forms  oa  the  surface,  thereby  depriving 
the  steel  of  a  portion  of  its  carbon,  which  confers  the 
property  of  imparting  a  keen  edge,  so  essential  to 
cutting  instruments.  Articles  of  iron  and  steel  ought 
to  be  annealed  in  close  vessels,  or  in  a  trough  or 
recess  made  of  fire  brick,  and  covered  up  with  ashes 
or  clean  sand ;  or  if  a  small  vessel  be  employed,  the 
cover  may  be  of  the  same  material  as  the  vessel. 
The  oven  or  trough  is  heated  by  the  flame  of  a 
furnace  passing  under  and  round  it  until  the  whole 
is  at  a  red  heat.  It  is  then  allowed  to  cool  without 
letting  in  the  air.  Goods  thus  treated  become  softer 
than  by  the  common  method,  and  the  surfaces  have 
a  metallic  whiteness  imparted  by  the  carbonaceous 
matter  of  the  ashes.  Annealed  goods  lose  their 
brittle  character  so  that  they  can  be  bent  without 
breaking.  The  fracture  before  being  aiuiealed  is 
smooth  and  short ;  after  that  process  it  is  rough,  and 
exhibits  bright  parts  of  a  crystalline  appearance. 
Copper  and  brass  suffer  less  from  being  annealed  in 
an  open  Are  than  ii-on  and  steel :  but  a  close  vessel 
is  necessary  in  order  to  preseiTe  their  metallic  lustre. 
Very  small  brass  we  is  sometunes  annealed  by 
holding  it  in  the  flame  of  burning  hay  and  straw. 

Soft  metids,  such  as  tin,  lead,  and  zinc,  after  being 
hardened  by  hammering  maybe  softened  by  the  action 
of  boiling  water.  Most  of  the  hard  metallic  alloys 
wlien  made  red  hot,  suffer  no  great  change  whether 
they  be  suddenly  quenched  in  water  or  not.  Pure 
hammered  ii'on  after  annealing  becomes  equally  soft 
whether  it  be  cooled  suddenly  or  slowly ;  but  some 
inferior  kinds  of  iron  become  hard  by  immersion  in 
water.  Steel  receives  by  sudden  cooling  that  ex- 
treme degree  of  hardness,  combined  with  tciiaeily, 
wliich  adapts  it  beyond  every  other  material  for 
cutting  tools,  especially  as  it  admits  of  bcinu-  re- 
gularly graduated  from  extreme  hardness  In  1 1 h ■ 
softest  state  when  subsequently  heated  or  lrii)|ii n d. 
The  following  are  a  few  examples  of  the  inrilnMl  i,\ 
treating  steel,  so  as  to  produce  extreme  liai.inr-,, 
and  ending  with  the  reverse  condition.  Atliin  lnatdl 
blade  worked  between  a  cold  hammer  and  auMJ,  i  i- 
other  good  conductors  of  heat,  becomes  pnlrcily 
hard.  A  thicker  piece  of  steel  cooled  by  exposure  Im 
the  air  on  the  anvd  becomes  rather  hard,  but  not  ton 
hard  to  be  filed.  When  it  is  placed  on  cold  chiders, 
or  other  bad  conductor  of  heat,  it  becomes  softer ; 
but  it  becomes  softer  still  when  placed  in  hot  cinders, 
or  within  the  fire,  and  allowed  to  cool,  by  gradual 
extinction.  When  the  steel  is  encased  in  close 
vessels  with  charcoal  powder,  and  raised  to  a  red 
heat,  and  aUowed  to  cool  in  the  fm-nace,  it  assumes 
its  softest  state;  unles.=,  indeed,  it  be  made  to 
undergo  partial  decomposition  by  enclosing  it  in  a 
fin  .■  in-  .;  Nilili  iinii  turnings  or  filings,  or  with 
ili>        !    ■  ;  I  it  h's  anvil,  or  with  lime  or  other 

in  I'!  I  1  carbon  from  its  surface;  this 

inliinn     ii  In  ilin  >ialc  of  piu'C  soft  Irou.     Somo  de- 
scriptions of  cast-iron  may  be  made  as  hard  a-,  i; a 
hardest  steel,  forming  what  are  called  c///      ' 
castings.      The  reverse   process   is   anneal la 
partial   decomposition;  tliis   forms  what    i.    n,  " 


malleable  iron  castuiffs,  and  the  process  is  so  suc- 
cessful that  cast-iron  nails  may  be  clenched.  The 
purest  iron,  and  most  varieties  of  cast-h-on  may  be 
supei-fieially  converted  into  steel  by  a  process  called 
Case-habdesing.  For  fm-ther  particulars  on  this 
interesting  subject  we  must  refer  to  Cutlery — Gun 
— luoN  AND  Steel — Metal,  &e. 

The  change  which  is  produced  by  annealing  is  not 
well  understood.  Most  of  the  nudleable  metals 
assume  two  distinct  forms;  one  crystalline,  which 
is  the  result  of  slow  cooling,  and  the  other  fibrous, 
which  is  brought  about  by  hammering  or  rolling.  If 
hammered  or  roUed  beyond  a  certain  point,  the 
metals  become  so  hard  that  they  cannot  be  bent 
without  breaking.  If  annealed  beyond  a  certain 
point  the  metals  liecomc  crystalline.     Thus,  ziiic  may 


ways ;  thus,  brass  wii-e  loses  its  tenacity  by  exposure 
to  the  fumes  of  an  acid,  and  even  by  air  acting  on 
its  surface  in  a  damp  atmosphere.  Hence  it  is  ne- 
cessary to  preserve  wire,  such  as  is  used  in  the  ma- 
nufactui-c  of  pins,  in  a  di-y  air  or  under  tlie  sui-face  of 


water 
AKNOTTO. 


I  red  colouring  matter 
plant    (Bixit    ordlami).    Fig.  49, 


-^^^'^ 


):-i 


common  in  the  West  Indies,  where  it  is  extensively 
cultivated  on  the  banks  of  rivers,  sometimes  giving 
its  name  to  the  district,  as  Aiuwlta  Bai/,  on  the 
northern  coast  of  Jamaica.  The  arnotto  plant  is  a 
small  tree  with  deep-green,  shining  leaves,  and  clusters 
of  pm-plish  flowers.  These  are  succeeded  by  bristl; 
heart-shaped  capsules,  or  seed-pods,  eontaiuing  nu- 
merous seeds  covered  vAili  a  soft,  sticky  rind  of  a 


T: 


f  this  rind 
he  arnotto 

casks  with 


ANTflllACITE— ANTIMONY. 


large  flag  leaves,  hence  llie  terra  flag  arnolto.  A 
superior  kind,  called  roll  ariioilo,  is  a  harder  and  more 
concentrated  extract,  of  which  but  little  is  imported. 
The  colour  obtained  from  fresh  pods  of  the  plant  is 
much  superior  to  that  of  either  of  these  preparations, 
leading  to  the  conclusion  that  the  method  of  pre- 
paring them,  wliich  is  by  a  liigh  degree  of  heat  and 
fermentation,  is  injurious  to  the  colour. 

Amotto  dissolves  entirely  in  water  or  nullc,  and  is 
much  used  in  coloui'Lug  cheese  and  butter  in  England 
and  Holland,  the  colouring  matter  being  diffused  in 
the  milk  previous  to  the  manufacture.  The  Spaniards 
employ  this  substance  in  colouring  and  flavoui-ing 
their  chocolate  and  soups,  esteeming  it  wholesome 
and  stomachic.  Dyers  obtain  from  it  the  reddish 
colour  called  aurora.  The  liquid  sold  under  the 
name  of  Nankin,  dye  is  a  solution  of  amotto  in 
potassa,  and  pure  water.  A  solution  is  also  made  in 
alcohol,  and  used  in  varnishing  and  lacquering.  The 
Indians  paint  thcii-  persons  with  a  mixture  of  arnotto, 
gum,  and  lemon-juice,  as  a  preservative  against  the 
attacks  of  insects.  Arnotto  also  has  a  fabulous  re- 
putation of  bemg  an  antidote  to  the  poison  of  the 
cassava  root,  which  has  fatal  properties  when  raw, 
although,  when  cooked,  it  is  a  wholesome  food.  The 
consumption  of  amotto  in  Great  Britain  has  greatly 
increased  of  late  years.  In  1S20,  it  amounted  to  but 
little  more  than  50,0001bs. :  thi-ee  or  four-  tunes  that 
quantity  is  now  imported.  The  botanical  position  of 
the  arnotto  plant,  is  in  a  small  group  of  tropical 
plants,  called  bixads,  now  included  by  Liudley  in  the 
natural  order  Flacouriiacete. 

ANTHllACITE,  [See  Coii.] 

ANTBIONY  is  a  metal  discovered  by  Basil  Valen- 
tine, a  monk  of  Erfurth,  and  an  alchemist  of  the 
fifteenth  ccntmy.  It  is  related  that  having  thi-o\\'n 
some  of  it  to  the  hogs  it  purged  them  violently,  after 
wliich  they  became  fat ;  and  thinking  that  his  brother 
monks  might  derive  benefit  from  a  similar  dose,  he 
administered  it ;  but  the  effects  were  fatal,  for  the 
monks  died ;  hence  the  metlicine  was  called  anti-moine 
or  anti-monk.  The  ancients  appear  to  have  been 
acquainted  with  some  of  the  compounds  of  this 
metal,'  which  Pliny  names  stibium,  a  word  still  used 
to  express  the  metal,  or  in  chemical  symbols  Sb. 
Its  equivalent  is  129. 

MetaHie  antimony  has  a  distinct  platy,  crystalline 
structure,  and  by  particular  management  luiiy  be 
obtained  in  crystals  which  are  rhombohedral ;  this 
metal  has  a  bhiisli  white  colour,  and  a  strong  lustre; 
it  is  very  linMl>  .  '  .  !,,  lasily  reduced  to  powder. 
Its  spcrii:,' J  ■  It  iiiclts  at  a  temperatm-e 

just  sill  lit   .  :    I    :  ;   ,  i  linils  aud  passcs  off  in 

vapour  at  a  mIii-i  li  ii.  li  lias  a  peculiar  taste  and 
smell,  especially  iu  the  state  of  vapour.  Antimony 
is  not  oxidized  by  the  au-  at  common  temperatures ; 
but  when  strongly  heated  it  bums  with  a  white  flame, 
producmg    an    oxide  which   often   forms    beautiful 


crystals.  If  a  globule  of  autunony  melted  at  the 
blow-pipe  be  thrown  upon  a  sheet  of  paper  or  a 
board,  it  sparkles  and  bursts  into  a  number  of  small 
spheroids,  wliich  remain  hot  for  a  considerable  time, 
and  move  about  the  paper  leaving  traces  of  oxide 
beliind  them.  There  are  three  compounds  of  anti- 
mony and  oxygen,  viz.,  the  oxide,  antimonious,  and 
antimonic  acids.  These  acids  combine  with  bases 
forming  salts,  which  are  distingmshed  as  antimoniles 
and  antimoniales. 

Antimony  is  dissolved  by  hot  hydrochloric  acid 
with  evolution  of  hydrogen,  and  the  production  of  a 
chloride  formerly  called  butter  of  antimomj,  a  sub- 
stance sometimes  used  with  sulphate  of  copper  for 
bronzing  gun-barrels,  the  ii-on  decomposing  the 
chloride,  and  depositing  a  thin  film  of  antimony  on 
its  surface.  Nitric  acid  oxidizes  antimony  into 
antimonic  acid.  Sulphuric  acid  has  scarcely  any 
action  on  it. 

Antimony  is  found  in  many  parts  of  Euiope,  but 
the  mines  of  this  metal  are  not  numerous ;  it  occurs 
native  in  Sweden,  in  Prance,  and  in  the  Hartz ;  but 
its  principal  ore  is  the  snlphuret,  which  occm-s 
massive  and  erystaUized.  There  are  several  varieties, 
of  which  the  most  common  is  the  radiated.  This  is 
of  a  grey  colour,  brittle,  and  frequently  crystidlizcd 
iu  four  and  six-sided  prisms.  The  sulphuret  is  as- 
sociated with  quartz,  sulphate  of  b.iryta,  and  cai'- 
bonate  of  lime,  from  wliieh  it  is  separated  by  fusion ; 
a  method  of  purification  analogous  to  the  mechanical 
preparation  of  other  ores,  but  on  account  of  the 
great  fusibility  of  the  sulphuret  of  anthnony  this 
separation  is  accomplished  by  means  of  heat.  For 
this  pui-pose  the  ore  is  placed  in  large  crucibles,  C  C, 
(Fig.  50,)  perforated  with  a  number  of  small  holes  in 


the  bottom,  uid  -.u\\  it.d  b>  liks  \shiih  ul  fur- 
nished with  openings  foi  admittmg  the  pcifoiated 
part  of  the  crucibles  The  fu'jcd  nntter  is  leccived 
into  othei  ciucibles,  R  K,  p!  iced  in  enclosed  com- 
partments    The  npi^^.r  cniCibles  aie   fitted  mth   n 


which  is  luted  on,  and  a  kite  is  also  applied  to 
i(lu]u\\i(li  tlieluwci  \osjds.     Ilent  from  wood 
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the  ciuoibles  which  contain  the  ore,  and  the  re- 
cipients being  placed  on  the  outside,  the  fused  sul- 
phuret  flows  into  them  by  a  channel  which  connects 
the  tfl  0  together.  By  this  means  the  furnace  can  be 
worked  constantly,  whereas  by  the  former  method 
the  cooling  of  both  crucibles  occasions  a  waste  of 
mgeincnt   w'!l   b"  luitlcrstood   from 


Fig 
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lu  the  dq  111,!.  Ill         I       ,  1      liauce,  this 

mctliod  isiiiiiiiiiMil  li,  II        i_  1  iiheconcave 

sole  of  a  reveibeiatoiy  lumace.  'llu.  sole  is  formed 
of  clay  and  charcoal,  and  communicates  with  a  re- 
cipient outside  by  means  of  a  channel,  the  upper 
extremity  of  which  is  stopped  with  ashes  dui-ing  the 
melting.  The  charge  consists  of  7  or  S  cwt.  of  the 
ore,  and  each  tapping  yields  about  4  cwt.  of  crude 
antimony,  which  is  about  50  per  cent :  in  other  places 
the  yield  is  not  more  than  from  30  to  40  per  cent. 
Wood  is  the  fuel  employed. 

When  sulphuret  of  antunony  is  roasted  in  contact 
with  the  air,  oxide  of  antimony  is  formed,  which 
unites  with  that  portion  of  the  sulphuret  which  has 
not  been  decomposed.  In  this  way  several  oxy- 
sulphm-ets  are  formed,  which  melt,  and  yield  in 
cooling  some  bro^-n  vitreous  substances,  which  arc 
known  in  commerce  as  fflass  cf  ,  '  .  ,  /  .■  •/' 
antimony,  or  crocus.     Glass  of  om  ,   .  '      "f 

8  parts  of  oxide  and  1  of  snl|il,  ■:  T    i     i;    i  - 

parent,  and  of  a  reddish  yelluw  -  !.  u:-,  {  i-rus 
contains  8  parts  of  oxide  and  2  of  sidphuret ;  it  is 
opaque,  and  of  a  yellow-red  colour.  Liver  of  anti- 
mony is  opaque,  and  of  a  deep  bro\vn  colour ;  it 
consists  of  about  i  parts  sulphuret  and  8  parts  oxide. 

The  reduction  of  the  crade  antimony  to  the  me- 
tallic state  is  attended  with  some  difficulty,  for  anti- 
mony is  a  metal  sufficiently  volatile  to  occasion  great 
loss,  but  not  volatile  enough  to  pass  over  by  distilla- 
tion. The  first  process  in  the  reduction  is  to  roast 
the  cnide  antimony  at  a  very  moderate  heat,  whereby, 
in  100  parts,  86  parts  ought  to  be  converted  into  prot- 
oxide, and  the  sulphur  disengaged,  to  be  converted 
into  sulphurous  acid ;  but  m  practice  not  more  than 
about  CO  or  05  parts  of  the  protoxide  arc  obtained. 
These  05  parts  are  next  mixed  with  S  or  10  parts  of 
charcoal-powder,  spriukled  with  a  strong  solution  of 
carbonate  of  soda.  The  mixture  is  placed  in  crucibles, 
and  kept  at  a  good  red  heat  until  the  fusion  is  com- 
plcle.     By  this  process  rei^//liis  of  antimony  is  pro- 
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duced,  while  the  scoria;  consist  of  a  double  sulphuret 
of  antimony  and  sodium.  The  object  of  the  carbouate 
of  soda  is  to  reduce  a  portion  of  the  s\dphuret  of 
antimony  by  forming  sulphuret  of  socbum,  \vhieh 
combines  with  the  remainder  of  the  sulphuret  of 
antimony  in  such  a  way  as  to  cause  it  to  collect  in 
the  soorise. 

From  the  crucibles  the  metal  is  run  into  hot  and 
greased  moulds ;  but  it  is  not  as  yet  sufficiently  pure 
to  assume  the  crystaUine  form  so  much  prized  in 
commerce.  It  is  remelted,  with  a  portion  of  the 
scoriae  obtaiued  ni  previous  reduetious,  together  with 
a  certam  proportion  of  the  roasted  mmeral.  The 
lesult  of  this  second  process  is  the  production  of  an 
increased  quantity  of  soorise  and  the  purification  of 
the  metal. 

Of  the  65  parts  of  roasted  sulphuret  45  parts  of 
regulus  are  obtained  in  the  first  fusion,  and  this 
qnautity  is  reduced  to  about  43  in  the  second ;  or, 
in  other  words,  100  parts  of  sulphuret  of  antimony, 
which  ought  to  produce  73  of  regulus,  actually  pro- 
duce only  40  or  44.  A  portion  is  lost  by  volatihza- 
tion,  and  another  portion  remaius  in  the  scoria;. 
The  scoriie  is  known  in  commerce  as  crocus  or  kermes, 
and  is  used  in  veterinary  medicine.  It  consists  of 
sidphiu-et  of  antimony  and  alkaline  sulphuret. 

As  ii-on  combines  readily  with  antunonyj  the  sid- 
phuret is  sometunes  reduced  by  heating  it  in  contact 
with  iron  filings  :  as  the  iron  tends  to  unite  witli  the 
antimony,  when  in  excess,  an  atom  and  a  half  of 
ii-on  is  employed  to  each  atom  of  sulphuret  of  anti- 
mony, or  45  parts  iron  filings  to  100  parts  sidphui-et 
of  antimony. 

M.  Dumas  states  that  many  manufacturers  keep 
their  processes  secret,  which  sufficiently  accounts 
for  the  defective  state  of  this  branch  of  metallurgy ; 
for,  had  they  been  thrown  open  to  scientific  chemists, 
they  would  have  been  investigated  and  improved. 

In  some  smeltuig-houses  there  is  a  loss  of  regulus 
amounting  to  83  per  cent.,  and  a  much  larger  ex- 
penditm-e  of  fuel  than  is  necessaiy.  The  secret  con- 
sists in  giving  to  the  surface  of  the  ingots  a  beau- 
tiful stellated  appearance,  which  the  alclicmists 
formerly  regarded  as  a  mysterious  guide  to  the 
secrets  of  transmutation,  and  which  is  now  valued 
in  commerce  as  an  indication  of  superior  pm-ity  in 
the  metal.  But  it  is  well  known  that  when  pure 
antunony  is  cooled  very  slowly,  in  a  stiU  place,  the 
crystallization  is  always  very  beautiful ;  and  these 
conditions  suffice  to  accoimt  for  an  appearance  the 
importance  of  which  is  exaggerated  by  the  mauufac- 

Antimony  combines  with  the  other  metals,  and 
renders  them  brittle ;  and,  as  this  effect  was  espe- 
cially remarked  in  the  ease  of  gold,  the  alchemists 
distinguished  it  by  the  title  of  reguhcs,  or  the  httle 
king,  from  its  power  of  nduig  over  the  noble  metal, 
and  destroying  its  maUeabdity.  The  chief  alloys  of 
antimony  are  type-metal,  consisting  of  4  lead  and  1  of 
antimony ;  stereotypemetal,  6  lead  and  1  antimony ; 
musk-flutes,  consisting  of  lead,  tin,  and  antimony; 
Britmima-metal,  consistiufj  of  100  parts  tin,  8  an'ti- 
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mouy,  2  bismuth,  and  2  copper.  Pewter  is  somc- 
times  formed  of  12  parts  tin  and  1  part  antimonj'. 
Antimony  is  also  used  in  mediciue,  its  two  most  im- 
portant compounds  being  antimmtial  powder  and 
tartar-emetic  :  the  former,  also  called  James's  powder, 
is  said  to  consist  of  43  parts  phosphate  of  lime  and 
57  oxide  of  antimony;  the  latter  is  a  tartrate  of 
potassa  and  antimony.  Antunony  is  also  used  in 
the  prepai'ation  of  some  enamels  and  other  vitreous 

Great  Britain  receives  the  larger  portion  of  its 
supply  of  antimony  from  Singapore,  which  receives 
it  from  Borneo.  It  is  imported  in  the  shape  of  ore, 
and  commonly  as  ballast. 

ANVIL.  An  instnimcnt  on  which  malleable 
metals  ai-e  placed  during  the  process  of  hammei-mg. 
Anvils  arc  sometimes  made  of  cast-iron,  but  when 
required  to  be  very  hard  or  bright  they  arc  made  of 
wrought  ii-on  and  faced  with  steel.  In  such  case  the 
core  or  body  is  prepared  at  the  forge,  by  \\xldiiig 
together  a  number  of  mde  blocks  of  iixui.  V.'lim 
the  core  is  rudely  shaped,  thi-ee  square  hok  ^ 
in  it,  one  in  the  bottom  and  one  at  each  m.: 
pm-pose  of  receiving  a  bar  of  ii-ou  coriiicrti  ■  ■,.  i:ii  a 
crane  near  the  forge,  by  which  the  anvil  is  held  in  the 
fire,  and  turned  about  while  being  forged.  The 
common  smith's  anvil  consists  of  seven  pieces : — 
1,  the  core,  or  body ;  2,  3,  4,  5,  the  four  comers  for 
enlarging  the  base  ;  G,  the  projecting  end,  containing 
a  square  hole  for  the  reception  of  a  set  or  chisel  in 
cutting  pieces  of  u-on ;  and  7,  the  beak,  or  conical 
end,  which  is  used  for  turning  pieces  of  iron  into  a 
circidar  form,  for  welding  hoops,  &c.  AU  these  pieces 
are  separately  welded  to  the  core.  When  the  anvil 
is  of  large  size  two  hearths  are  used,  in  one  of  which 
the  core  is  raised  to  the  welding  heat  and  in  the 
other  the  piece.  They  are  then  taken  out  and  welded 
together  by  rapid  hanmiering  until  they  cohere.  The 
whole  is  then  heated  again,  and  hammered  untE  the 
proper  shape  is  obt-aiued. 

The  best  anvils  are  faced  with  steel.  This  steel 
facmg  is  shaped,  heated,  and  laid  on  the  anvU  at  a 
(veldiug  heat,  the  facing,  however,  being  less  heated 
than  the  anvil,  and  hammered  rapidly  until  it  is  closely 
united :  the  whole  is  then  finished  by  repeated  heatings 
and  hannuermgs.  The  anvil  is  nest  hardened  by 
raising  it,  but  especiaUy  the  face,  to  a  full  red  heat, 
and  quenching  it  in  a  large  quantity  of  cold  water. 
It  is  of  unportanee  to  cool  it  rapidly,  and  for  this 
pm-pose  a  stream  of  water  is  to  be  preferred.  In  this 
process  the  steel  facing  vrill  sometunes  era!.,  !...'.,  -- 
it  is  thin.     Should  the  hardening  be  suiv 

facmg  is  ground  until  it  is  perfectly  evci: 

edges  are  made  shai-p  or  round  as  required.  Wi^cu 
the  anvil  is  to  be  used  for  planishing  metals,  it  is 
polished  with  emery  and  crocus. 

The  smith's  anvil  is  generally  placed  on  a  loose 
wooden  block,  such  as  the  root  end  of  an  oak  tree. 
Anvils  used  for  cutting  aud  for  files  are  inserted  into 
large  blocks  of  stone.  The  more  firmly  the  anvil  is 
connected  with  the  earth,  the  more  eifective  is  the 
blow  of  the  hammer. 


Locksmiths  use  a  smaller  kind  ot  anvd  called  the 
siaie,  which  is  moveable,  and  is  usually  placed  on  the 
work-bench.  It  is  used  for  setting  small  cold  work 
straight,  or  for  cutting  or  punching  on  with  the  cold 
cliisel,  or  cold  punch. 

AQUA  PORTIS.  A  common  term,  first  applied  by 
the  alchemists  to  dilute  nitric  acid,  on  account  of 
its  strong  corrosive  action  on  many  animal,  vegetable, 
aud  mineral  substances. 

AQUA  REGIA.  A  tenn  appKed  by  the  alchemists 
to  a  mixture  of  nitric  and  hydi-ochloric  acids :  it  has 
the  property  of  dissolving  gold,  which  neither  of  the 
acids  possesses  separately.  Two  pai'ts  of  hydrochloric 
and  one  of  nitric  acid  are  most  effective.  A  partial 
decomposition  of  both  acids  takes  place,  and  water, 
chlorme,  and  nitrous  acid  are  the  result.  TVhen  a 
metal  is  placed  in  aqua  regia  it  absorbs  the  chlorme, 
and  is  dissolved.  This  acid  is  the  common  solvent 
of  gold  and  platinum. 

AQUEDUCT,  a  conduit  or  channel  for  the  con- 
\<  .  ii;ro  of  water,  from  the  genitive  case  of  agna, 
,  aud  c^acte.?,  a  conduit ;  hence  the  old  method  of 
.  m-  tliis  word,  Aquiedud,  is  more  coiTCct  than 
'.'.'■  inisfut.  According  to  this  derivation,  any  pipe 
ur  cliauuel  for  the  conveyance  of  water  is  an  aque- 
duct; but  the  term  is  usually  hmited  to  those 
structures  of  masom'y  wliich  are  elevated  above 
ground  for  the  purpose  of  conveying  a  stream  of 
water  m  a  regular  but  slightly  descending  cun-eut 
across  valleys  and  over  plains. 

An  abundant  supply  of  pure  and  wholesome  water  is 
essential  to  the  health  and  prosperity  of  every  town 
and  city,  and  accordingly  we  find  that  in  all  ages  and 
countries  special  provisions  have  been  made  to  secure 
so  desirable  an  object.  The  ruins  of  the  aqueducts 
constructed  in  Palestine  m  the  reign  of  Solomon 
still  remain,  and  ti-avellers  describe  the  Pools  of 
Solomon  in  connexion  with  a  scheme  for  suppljing 
Jerusalem  with  water.  In  the  mined  cities  of 
Central  America,  wliich  still  excite  the  astonishment 
of  the  traveller,  the  remains  of  aqueducts  are  also 
found  ;  but  of  all  the  ancient  aqueducts  those  of  the 
Romans  are  most  calculated  to  excite  admiration, 
constructed  as  they  were  to  pour  into  the  city  whole 
rivers  of  water  for  the  use  of  the  pubHc  baths,  fish 
ponds,  artificial  lakes,  gardens,  villas,  and  private 
houses  within  and  around  the  city.  Some  of  these 
aqueducts  extended  thirty,  forty,  and  even  sixty  miles 
from  the  city,  in  one  continuous  covered  channel  of 
stone,  which  was  carried  by  means  of  arcades  over 
th-  v.:  list  and  deepest  valleys,  and  by  tunnels  for 
!::rough  mountains  and  the  sohd  rock.  It  is 
11.  .  la  matter  of  painful  regret  that  with  our  vastly 
uiciiaibcd  engineering  skiU  and  improved  means,  the 
metropoUs  of  a  powerful  nation  like  Great  Britam 
should  continue  to  languish  .-md  to  suffer  disease  and 
misery,  for  want  of  an  abundant   supply   of  pure 

Our  knowledge  of  the  aqueducts  ot  ancient  Rome 
is  derived  as  well  from  repeated  surveys  of  the 
stupendous  ruins  which  still  exist,  as  from  a  special 
treatise    on   the   subject    by   Froutinus,   who    was 
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consisted  of  three  stones  or  couduts    placed 
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1      I    all  these  aq  led  cf,3 
„  1    ly  built  of  stone  or 
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brick,  and  arcked  above  to  cover  in  the  channel,  so  as 
to  protect  the  water  from  impurities  and  evaporation. 
In  crossing  valleys  the  conduit  was  raised  upon  a 
scries  of  arches  with  massive  piers  and  of  solid  sub- 
stantial structure,  sometimes  of  brick,  and  often  of 
hewn  stone.  When  the  height  was  not  very  great 
a  single  row  of  arches  sufficed,  but  in  other  cases  a 
double  row  was  constructed  as  in  Kg.  53.  Many  of 
these  works  exceed  in  magnitude  even  those  portions  of 
our  modern  raUroads  which  have  been  the  admii-ation 
of  our  age.  The  aqueduct  of  New  Anio,  for  example, 
consisted  duiing  65  mUes  of  one  continuous  series  of 
arches,  many  of  whieh  were  upwards  of  100  feet  high. 
In  the  3S  miles  which  formed  the  length  of  the  Aqua 
Martia,  there  were  nearly  7,000  arches.  The  New 
Anio  conduit  was  G3  miles  700  paces  in  length,  of 
wliich  49  miles  200  paces  formed  a  subterranean 
stream ;  in  9  miles  400  paces  the  conduit  was  above 
ground,  and  some  of  the  arches  109  feet. 

The  following  table  represents  the  supply  of  water 
to  Rome  from  the  nine  earlier  aqueducts.  It  has  been 
constructed  from  the  data  furnished  by  Frontinus : — 


Some  auxiliary  supplies  or  feeders  make  the  to- 
tal lengtli  of  the  Eoman  aqueducts  to  exceed 
255  miles. 

Modem  Eome  is  also  abundantly  supplied  with 
water,  either  by  means  of  new  aqueducts,  or  by  the 
ancient  structures  which  have  been  repaired. 

In  the  cities  of  the  provinces  of  the  vast  Roman 
Empire  were  conduits  and  aqueducts  on  as  large  a 
scale  as  those  which  supplied  the  capital  of  the  empire, 
and  in  some  cases  larger.  Our  limited  space  -will 
not  allow  us  to  notice  more  than  one  of  these,  viz. 
the  Aqueduct  of  Nisraes,  which  is,  perhaps,  the  most 
remarkable  Roman  remain  of  the  kind,  suqwss- 
ing  even  the  aqueducts  of  Eome  in  lightness  and 
striking  boldness  of  design.  That  portion  of  the 
aqueduct  which  crosses  the  river  Garden,  and  hence 
caUcd  the  Pont  du  GanI,  (Fig.  53,)  is  thus  noticed 
in  Murray's  Hand-Book  for  Travellers  in  France: 
"The  sight  of  this  noble  edifice,  one  of  the  grandest 
monuments  wliieh  the  Eomans  have  left  behind  them 
in  France  or  any  other  country,  would  well  repay  for 
a  very  long  detour.  Like  Stonehenge,  it  is  the  monu- 
ment of  a  people's  greatness,  a  standard  by  which  to 
measure  their  power  and  intellect.  It  consists  of  3 
rows  of  arches,  raised  one  above  the  other,  each 
smaller  than  the  one  below  it ;  the  lowest  of  6  arches, 
the  central  tier  of  11,  and  the  uppermost  of  35  ;  the 
whole  in  a  simple,  if  not  stem  style  of  architecture, 
destitute  of  ornament.     It  is  by  its  magnitude  and 


the  skilful  fitting  of  its  enormous  blocks  that  it  makes 
an  impression  upon  the  mind.  It  is  the  more  striking 
from  the  utter  soUtnde  in  which  it  stands,  a  rocky 
valley,  partly  covered  with  brushwood  and  green- 
sward, with  scarcely  a  human  habitation  in  sight, 
only  a  few  goats  browsmg.  After  the  lapse  of  six- 
teen centuries,  this  colossal  monument  stiU  spans  the 
vaUey,  joining  luU  to  hUl,  in  a  nearly  perfect  state, 
only  the  upper  part  at  the  north  extremity  being 
broken  away.  The  highest  range  of  arches  carries  a 
small  canal  about  5  feet  high  and  2  feet  wide,  shaped 
like  the  letter  U,  just  large  enough  for  a  man  to 
creep  through,  still  retaining  a  thick  lining  of  Roman 
cement.  It  is  covered  with  stone  slabs,  along  wliich 
it  is  possible  to  walk  from  one  end  to  the  other,  and 
to  overlook  the  valley  of  the  Garden.  The  arches  of 
the  middle  tier  are  fonned  of  3  distinct  ribs  or  bands, 
apparently  unconnected.  The  height  of  the  Pont 
du  Gard  is  ISO  feet,  and  the  length  of  the  highest 
arcade  873  feet.  Its  use  was  to  convey  to  the  town 
of  Nismes  the  water  of  two  springs  25  miles  distant, 
the  Airan  rising  near  St.  Quentin,  and  the  Ure  near 
Uzis.  It  forms  only  a  small  portion  of  the  conduit 
constructed  for  this  purpose,  whose  course,  partly 
raised  on  low  arches,  some  of  which  exist  on  the 
uortli  of  the  Pont  du  Gard,  pai-tly  cut  in  the  rock 
round  the  shoulders  of  the  hills,  may  be  traced  at  the 
vi'liji  •■['  Si.  Maximin  near  TJzes,  and  above  that  of 
I  r  Punt  du  Gard;  thence,  by  St. Bonnet 
10  the  hUl  of  the  Tour  Magne  and 
!;  '::i  ill  lliormes  at  Nismes.  The  conveyance  of 
this  small  stream  was  the  sole  object  and  use  of  this 
gigantic  structure,  an  end  which  would  now  be 
attained  by  a  few  iron  water-pipes.  Its  date  and 
builder  are  alike  lost  in  oblivion,  but  it  is  attributed 
to  M.  Agrippa,  son-in-law  of  Augustus,  B.C.  19. 
The  quarry  whence  the  stone  was  obtained  is  a  little 
way  down  the  Gardon,  on  its  left  bank.  The  bridge 
by  which  the  road  crosses  the  Gardon  on  a  level  with 
the  lower  tier  of  arches,  and  formed  by  merely 
widening  them,  is  a  modem  addition  to  the  ancient 
structure,  having  been  erected  in  1743  by  the  States 
of  Languedoo." 

The  Pont  du  Gard  above  described  occupied  about 
a  mediimi  position  in  the  acqueduct,  which  was 
nearly  30  miles  in  length,  forming  in  its  course  the 
figure  of  a  horse-shoe.  The  channel  way  was  of 
stone  tln-oughout.  The  bottom  of  the  ulterior  had 
a  curved  form,  being  an  arc  of  a  circle ;  the  sides 
were  vertical,  and  the  top  was  covered -nith  a  flagging 
of  cut  stone,  except  where  the  channel  ran  under- 
ground, in  which  case  it  was  covered  by  an  arch  of 
stone.  The  interior  face  of  the  walls  and  bottom  of 
the  conduit  was  covered  with  a  coating  of  plaster  2 
inches  thick,  composed  of  quick  lime,  fine  sand  and 
brick  nearly  pulverized.  This  coating  has  now  a 
tenacity  equ  A  tn  tlie  h  .idest  stone  Tlic  size  of  the 
ehanii  I  \       1     I  1  1  l      1   1  \cept 
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chiiiincl,  uulil  nearly  half  tlic  chaimel  was  closed,  this 
deposit  bcin.:;  ]1  inches  thick  on  each  side.  This 
fiqiieduct  appears  to  have  been  in  use  for  more  than 
'1  centuries,  aud  now,  after  the  lapse  of  14  centuries, 
it  is  in  such  good  preservation  that  it  could  be 
restored  without  any  very  considerable  outlay. 

]n  modem  tunes  the  French  have  imitated  the 
Romans  ia  the  construction  of  aqueducts.  The 
ariueduet  for  conveying  water  from  Versailles  to 
Marli  was  built  by  Louis  XIV.  at  great  expense. 
The  famous  arpicduct  bridge  of  Maintenon  was 
erected  for  eouvcying  the  waters  of  the  river  Eure 
to  Versailles.  This  magrdiicent  structure  is  4,400 
feet  in  length,  or  nearly  |-  of  a  mile,  and  is  upwards  of 
200  feet  high;  it  consists  of  243  arcades,  each 
divided  into  3  rows,  making  in  all  726  arches  of 
about  50  feet  span. 

It  is  frequently  stated,  that  had  the  Komans  been 
aware  of  the  principle  that  water  seeks  the  level  of 
its  source  after  encountering  depressions  in  its 
conduit,  they  might  have  spared  themselves  ili.  im 
mouse  labour  and  cost  of  constructing  thiir  i 
aqueducts,  by  forming  an  inverted  sypho"  ' 
across  valleys.  It  might  as  reasonably  !"■  ii  !■  I 
that  the  modem  French  aud  Americans  wcie 
ignorant  of  this  principle,  because  they  have  pre- 
ferred the  stone  conduit  to  the  system  of  pipes. 
Tlie  fact  is,  that  the  Romans  were  fully  aware  of  the 
principle  in  question,  as  is  proved  by  the  remains  of 
many  of  their  works,  but  they  prefencd  a  system  of 
stone  channels,  not  only  on  account  of  the  greater 
permanence  and  durability  of  the  work,  but  also  on 
account  of  the  greater  abundance  of  the  supply  of 
water  which  this  method  secured,  and  its  greater 
purity.  lu  consideriag  the  best  method  of  supplying 
the  city  of  New  York  with  water  from  the  Croton 
river,  situated  at  a  distance  of  38  miles  from  that 
city,  it  was  calculated  that  a  system  of  ii'on  pipes 
would  be  more  costly  than  an  enclosed  stone  channel, 
aud  far  less  durable.  An  open  canal  was  also  ob- 
jectionable on  account  of  the  loss  of  water  by  fil- 
tration through  the  banks,  and  by  evaporation. 
Aii't'ir  'iliji  ^'i'li  to  the  open  canal  was  the  difficulty 
di'  I   i  '     \,;ilcr  from  receiving  the  wash  of 

I  1m    I  ••.-h  which  it  passed,  aud  of  pre- 

viu'iMj  iiiiu;.'  i;^  matters  from  being  thrown  into  it 
and  rendering  it  impure;  impuriih-  mijIii  :,'  .,  !■< 
contracted  mpassmg  through  d 111 >  .  >  ■! 
would  also  interfere  with  the  SU14.  '.'.  , 
an  enterprising  and  intelligent  uaii- :i  nie  il  ,  \,  ,, 
ricans  adopting  the  system  of  the  ancient  liomaus, 
it  is  ditlcult  to  suppose  that  the  same  reasons  did 
not  in  both  cases  lead  to  the  adoption  of  the  same 
method.  When  the  system  of  sewage  aud  water 
supply  of  modem  London  shall  exceed  that  of 
ancient  Rome,  we  shall  then,  and  not  till  then,  be  ui  a 
condition  to  accuse  the  old  masters  of  the  world 
of  Ignorance. 

In  the  magnitude  of  our  metal  castings  for  pipes, 
the  modems  are  certainly  superior  to  the  ancients, 
and  in  some  cases  a  system  of  iron  pipes  has  been 
used  to  supply  a  city  with  water.    Such  is  the  case 


Rt  Edinlmrgh,  which  is  suppUed  by  the  Cro.wley 
Spring  from  the  rising  ground  on  the  south  base  of 
one  of  the  Pentland  HiUs.  The  distance  is  scarcely 
7  miles  from  Edinburgh  m  a  straight  line,  but  it 
is  8f  miles  by  the  line  of  pipes.  The  spring  is 
564  feet  above  the  level  of  the  sea,  aud  3G0  feet 
above  the  level  of  the  reservoir  in  Princes  Street. 
The  original  issue  of  the  spring  is  augmented 
by  a  drain  carried  about  half  a  mile  above  the 
spring,  up  the  vaUey  in  which  the  spring  is  situated. 
The  SOU  of  the  valley  is  of  gravel  40  feet  deep, 
forming  a  vast  natui'al  filter,  through  wliicli  the 
water  from  the  high  groimds  on  each  side  perco- 
lates. The  water  is  thus  rendered  very  pure,  and 
being  all  intercepted  by  the  di'am,  is  conducted 
with  the  original  discharge  ol  the  spriug  into  a  re- 
servoir or  water-house,  from  whir-h  tlie  pipe-i  take 

their  rise,  and  continue  in  one  !■  '  1 '    !  i    .im  p.  the 

city.     For  the  first  3  miles  t lie  |.  ,-  ,  i     |.. 

■30  inches  in  diameter,  and  afleiu am ^  i..  mm  a>  As 
Ml  ;.  a|,|iroaeh  the  city  they  arc  carried  thmugh  a 
.1'  '.  iiudcr  Heriot's  Green,  and  another  under  the 
'•  11)11  through  the  sohd  rock.     By  means  of  a 

1'  el  \uir,  branch-pipes  aud  service-pipes,  the  water  is 
supplied  to  each  house  or  floor  of  a  house.  Air-coeks 
are  placed  at  intervals  aU  along  the  main  pipes,  to  let 
off  the  accumulated  air,  which  is  done  by  hand  every 
three  or  four  days.  The  average  supply  of  water  by 
tlds  aqueduct  is  180  or  200  cubic  feet  per  minute,  and 
it  is  stated  that  double  this  quantity  coidd  be  easily 
supplied.  The  water  is  said  to  be  of  the  fmest  quality ; 
it  issues  from  a  deep  source  and  at  a  great  altitude,  so 
that  it  is  fresh  and  cool  even  in  the  heat  of  summer. 
In  this  respect  the  supply  of  Edinburgh  is  far  superior 
to  that  of  most  other  to\vns  of  the  same  magnitude. 
The  elevated  natui-e  of  the  country  about  the  city 
afibrds  facilities  for  distributing  the  water  without 
the  aid  of  macliinery. 

Aqueduct  bridges  were  first  used  in  this  country 
for  the  canals  constraeted  by  the  Didcc  of  Bridge- 
water,  under  the  direction  of  Brindley.  The  first 
aud  largest  was  the  aqueduct  at  Barton  Bridge,  for 
conveying  the  canal  across  the  Irwell,  39  feet  above  the 
surface  of  the  river.  It  consists  of  three  arches, 
the  middle  one  63  feet  span,  admittuig  under  it  the 
largest  barges  which  navigate  the  Irwell,  with  sails 
M  I.  This  aqueduct  bridge  was  commenced  in  Sep- 
:  1700,  and  m  the  Jidy  of  the  followmg  year, 
,  ^  ular  spectacle  was  fii-st  seen  m  this  country  of 
\i  eU  sailing  across  the  course  of  the  river,  while 
others  in  the  river  itself  were  passmg  under  them.  So 
little  were  engmeers  acquamted  with  works  of  this 
kuid  at  the  tune  of  its  erection,  that  when,  at  the 
request  of  Brindley,  an  eminent  engmeer  was  called 
m  to  give  liis  opuiion  respeetmg  the  proposed  aque- 
duct, he  said  with  a  sneer,  "  I  have  often  heard  of 
castles  in  the  air,  but  never  before  was  shown  where 
any  one  of  them  was  to  be  erected." 

Allusion  has  been  already  made  to  the  construction 
of  aqueducts  on  a  large  scale  in  the  United  States 
of  America,  by  improving  on  the  model  of  the 
ancient  Romans.     New  York  had  always  been  batUy 


supplied  ■n-itli  fresh  water:  the  quantity  collected, 
chiefly  from  wells,  was  small  aud  the  quality  bad. 
So  long  back  as  the  year  179S,  Dr.  Browii,  in  an 
ofScial  report,  considered  these  as  the  chief  causes 
of  the  yellow  fever  and  other  contagious  diseases 
which  so  frequently  ravaged  the  city.  He  shows 
that  the  weU-water,  although  cool  and  pleasant  to  the 
taste  by  the  admixtui-e  of  carbonic  acid,  was  never- 
theless contaminated  with  the  filth  of  men  and 
animals,  which  sinks  into  the  streets,  yards  and 
stables,  and  then  drams  thi-ongh  the  cemeteries, 
before  it  reached  the  collecting  pond.  The  water 
was  so  bad  that  the  ships  in  the  harbour  could  not 
use  it  at  all,  but  brought  their  supply  from  other 
seaports.  At  length  the  citizens  became  fuUy  im- 
pressed witli  the  necessity  of  obtaiuing  a  plentiful 


supply  of  pure  water,  by  the  ravages  of  the  yellow 
fever'in  the  siunmer  of  1S22,  aud  of  the  cholera  ia 
1S32.  After  some  preliminary  proceedings,  an  Act 
was  passed  in  May  1834,  appointing  five  Water 
Commissioners,  with  powers  to  examine  and  consider 
all  matters  relative  to  the  supply  of  the  city  of  New 
York  with  a  sufficient  quantity  of  pure  and  whole- 
some water,  and  to  adopt  such  plans  as  in  their 
opinion  would  be  most  advisable  for  securing  such 
supply.  After  much  careful  inquiry  it  was  decided 
that  the  Croton  river  was  the  only  source  that  could 
be  depended  on  for  present  and  future  purposes,  to 
ensure  a  sufficient  quantity  at  all  seasons  at  an 
elevation  precluding  the  use  of  steam  or  other  ex- 
traneous power,  and  that  the  quality  of  the  water 
was  unexceptionable.     The  distance  of  the  Croton 
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river  from  hew  \  oik  IS  ibout  10  mil(.<;  o\eracouuti\ 
extremely  bioken  and  unci  en,  and  following  a 
diiection  for  i  pait  of  this  distance  parallel  with  the 
Hudson  rner,  and  eneountermg  the  streams  which 
empty  luto  it  and  form  deep  vallevs  m  theu  comses 
To  convev  this  wptei  to  the  city,  it  was  decided  to 
eicct  a  close  channel  oi  conduit  of  masomy 

The  sources  of  the  Cioton  are  piineipally  m  the 
county  of  Putnam,  fifty  nules  from  New  lork ,  f hcv 
consist  mostly  of  spimgs,  wluoh  m  that  elevated  and 
uneven  countiy  ha\e  formed  many  ponds  and  lakes 
never  failing  in  then  supply.  About  20  of  these 
lakes  form  the  sources  of  the  Croton  river,  and  the 
magnitude  of  their  surface  areas  is  about  3,800  acres. 
The  country  is  sufficiently  cleared  to  prevent  any 
iuiury  to  the  water  from  the   decay  of  vcfretable 


matter  The  river  has  a  rapid  descent,  and  flows 
over  a  bed  of  gravel  and  masses  of  broken  rock,  anU 
the  water  is  so  pure  that  in  earUer  days  the  native 
Indian  called  it  "the  Clear  Water." 

Ha^-ulg  ascertained  the  elevation  in  the  city  at 
which  It  would  be  desirable  to  distribute  the  water, 
it  was  only  necessary  then  to  find  a  point  on  the 
Croton  river  where  a  dam  could  be  constructed,  so 
as  to  turn  the  water  into  a  channel  gradually  de- 
scending from  this  pomt  through  the  whole  length  of 
the  aqueduct  to  the  requu-ed  elevation  in  the  city. 
At  the  spot  wdiere  it  was  decided  to  construct  the 
dam  across  the  Croton  river,  the  surface  of  tlie 
natural  flow  of  water  was  about  oS  feet  below  the 
elevation  required  as  a  head  from  which  the  water 
was  to  flow  into  the  climmel  of  the  aqueduct.     By 


goiiig  farther  up,  a  dam  of  less  height  would  have 
sufficed,  but  iu  that  case  some  important  tiibutaucs 
of  the  Croton  woidd  have  been  lost.  The  medium 
flow  of  water  iu  the  Croton,  wheie  the  Fouiitaiu 
Reservoir  was  formed,  exceeds  50,000,000  gallons 
in  24  hours,  and  the  minimum  flow  after  long 
droughts  is  about  27,000,000  within  the  same  period. 
The  dam  sets  the  foimtain  back  about  6  miles,  thus 
forming  the  Fountain  Reservoir,  Vfhich  covers  an  area 
nf  about  400  acres,  forming  a  beautiful  sheet  ol 
water  in  the  lap  of  the.  hiUs,  in  tlie  wdd  region  of 
the  Croton.  It  has  received  the  name  of  the  "Crotou 
Lake."  The  country  forming  the  valley  of  the  river 
was  such  as  to  give  iu  general  bold  shores  to  this 
reservoir,  aud  in  cases  where  there  was  a  geutle  slope 
or  level  of  ground  near  the  surface  of  the  water, 
excavations  were  made  so  that  the  -n  ater  should  not 
bo  of  less  depth  thau  4g  feet.  In  this  reservoir  the 
water  collects  aud  settles  before  it  flows  into  the 
aqueduct.  The  available  capacity  of  this  rescrvou- 
down  to  the  level  at  which  the  water  would  cease  to 
flow  off  into  the  aqueduct,  is  estimated  at  C0(),fl()(V)()() 
gallons  ;  so  that  if  the  number  of  inhabitants  ul  IStw 
York  be  estimated  at  one  third  of  a  million,  the 
Fountain  Reservoir  would  contain  a  supply  for  00 
days  in  a  season  of  extreme  di'ought ;  iu  addition  to 
which,  the  Reservoir  in  the  city  would  afford  a 
further  supply  of  about  25  days,  thus  piovidiug  for 
a  season  of  i  mouths'  di-ought.  Shoold  the  popular 
tion  greatly  increase,  other  streams  can  be  turned 
into  the  upper  branches  of  the  Croton,  or  into  the 
aqueduct  along  its  course.  Other  reservou-s  might 
also  be  constructed  further  up  the  Croton,  to  draw 
from  ill  time  of  need. 

From  tlie  Fountain  Reservoir  on  the  Croton  to 
the  Receiving  Reservoir-  on  the  Island  of  New  Yoik, 
a  distance  of  38  miles,  no  essential  change  was  made 
iu  the  form  of  the  channel  way,  except  in  crossing 
Harlem  river  to  reach  the  island,  aud  also  in  passing 
a  deep  valley  on  the  island,  m  both  which  cases  iron 
pipes  were  used  instead  of  the  chaimel  way  of 
masonry.  At  these  points  the  iron  pipes  descended 
and  rose  again,  so  that  when  water  is  flowing  in  the 
channel  they  are  completely  fuU.  The  channel  way 
of  masom-y  is  never  filled  entirely,  so  as  to  occasion 
a  pressure  on  its  interior  surface.  To  prevent  this, 
6  waste  weks  were  constructed  at  suitable  places, 
to  discharge  the  surplus  water :  they  were  formed 
on  one  side  of  the  channel  way,  so  as  to  allow 
the  water  to  flow  off  when  it  rose  abov  e  a  certain 

The  following  figures  will  show  the  kind  of  work 
employed  in  constructing  the  channel.  Fig.  54  is  a 
section  of  the  aqueduct,  showing  the  form  of  masonry 
used  in  earth  excavations.  The  foundation  was 
formed  with  concrete,  the  side  walls  aie  of  stone,  aud 
the  bottom  and  sides  of  the  interior  faced  with  brick, 
and  the  top  covered  with  anarch  of  buck.  After  the 
masonry  was  finished,  the  excavation  was  fdlcd  up 
around  it,  and  over  the  top  of  the  roofing  arch, 
generally  to  the  height  of  3  or  4  feet,  and  in  some 
cases  of  deep  excavation  up  to  the  natural  surface. 


Fig  55  is  a  section  of  the  aqueduct  in  open  cuttings 
a.  lock.     The  rock  was  excavated  to  the  required 
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dcjitli  and  wiJlh,  thu  buttom  was  levelled  up  with 
coneicte  to  the  piopei  height  and  form  for  receiving 
an  inverted  aich  of  brick;  the  side  walls  were  of 
stone  and  biick  bonded  together,  and  built  closely 
against  the  sides  of  the  rock  and  forming  a  junction 
with  it.  On  the  exterior  of  the  roofing  arch,  a  heavy 
spandril  of  stone  masonry  was  built,  filhng  the  space 
between  the  arch  and  the  rock.  After  the  masom-y 
was  finished,  the  excavation  above  it  \\ab  liUcd  with 
caith. 


Fig.  5G  is  a  section  of  the  aqueduct  in  rock  tunnel 
futtiugs.     The  natiu-al  rock  often  scived  as  a  roof 
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for  the  channel  way  where  the  rock  was  sound,  but 
where  soft  a  brick  arch  was  built  over  the  cliamiel 
way,  and  the  space  between  its  estrados  or  outer 
surface  was  fdlcd  with  earth  closely  rammed  around 
it.  In  some  instances,  where  the  perforated  rock  was 
at  fii-st  quite  hard,  the  natural  roofing  became,  by 
exposure  to  the  air,  soft  and  insecure,  so  as  to 
render  it  necessary  to  turn  an  arch  for  its  support ;  a 
difficult  operation  after  the  tunnel  had  once  been 
formed 
l'^  57  I'l  a  SI  ction  of  the  aqueduct  m  c  irth  tunnel 


u  t  I  nth  \i  IS  div  lud  compact,  the 
n  for  the  bottom  and  sides  was  made  of  the 
proper  form  to  receive  the  masonry  built  closely 
agams*-  it  The  top  of  the  excavation  was  made 
sufficiently  high  to  give  room  to  turn  the  arch,  and 
the  space  above  was  filled  with  earth  closely  rammed 
m  TVIicrp  the  earth  was  wet,  the  excavation  was  made 
larger,  and  pi  ops  of  timber  and  plank  were  used  to 
support  the  top  and  sides  until  the  masonry  was 
completed ;  the  whole  exterior  space  was  then  com- 
pactly filled  with  earth. 

In  caiTving  the  aqueduct  across  vaUeys,  it  vras 
supported  on  a  foundation  wall  of  stone  laid  dry,  and 


sloping  embankments  of  earth  were  then  constructed 
on  each  side. 

Over  the  aqueduct  were  erected  ventilating  shafts 
of  stone,  rising  about  14  feet  above  the  ground. 
One  of  these  was  erected  every  mile,  and  every  third 
shaft  was  furnished  with  a  door  to  afTord  entrance  to 
the  aqueduct  for  the  pui'poses  of  inspection  and 
repairs.  Openings  2  feet  square  were  fJso  made  in 
the  top  of  the  roofing  arch  every  quarter  of  a  mile. 
Each  opening  was  covered  with  a  flag-stone,  and  the 
spot  marked  by  a  small  stone  monument  projecting 
above  the  surface.  The  object  of  these  openings  is 
to  obtain  entrance  or  to  increase  the  ventilation  if 


In  places  where  streams  intersect  the  line  of 
aqueduct,  culverts  or  stone  channel  ways  were 
erected,  to  allow  the  water  to  pass  under,  and  to 
pmsue  its  natui-al  course  without  injury  to  the  work. 
At  the  head  of  the  aqueduct  is  a  tunnel  and  a 
gate-chamber  in  eoimexion  with  the  Fountam  Re- 
servoir, as  shown  in  the  longitudinal  section,  Hg.  58. 
This  gate-chamber  is  not  connected  with  the  dam 
itself,  but  stands  at  some  distance  from  it,  and  the 
water  reaches  it  by  means  of  the  tunnel,  T,  which 
leaves  the  reservoir,  S  U,  above  the  dam,  and  passes 
through  the  solid  rock  of  the  hU]  against  wliich 
the  masonry  is  bruit,  a  distance  of  upwards  of 
200  feet.  This  tunnel  descends  into  the  Reservoir, 
that  the  centre  of  it  at  the  mouth  is  about  12 
feet  below  the  surface  of  the  w.ater.  This  prevents 
floating  substances  from  entering  it,  and  during 
winter,  when  the  water  is  frozen  over,  there  is  no 
obstruction  to  the  flow  into  the  aqueduct,  A,  and 

ig  summer  the  water  is  drawn  from  a  level 
where  it  i=;  p-nVr  t'-in  nt  the  surface. 

eei'.     '       '    :!      •  '.M-anges  or  sets  of  gates ; 

et  r  I      I  /'  s,  R  G,  and  the  other 

guard  gat'  ,  ( i  i  t.  1 :  r  i  Lrulatiug  gates  are  made  of 
gun-metal,  and  work  in  frames  of  the  same  material, 
which  are  fitted  to  stone  jambs  and  lintels  ;  the  guard 


gates  are  of  cast-iron,  and  work  in  cast-iron  frames; 
also  attached  to  stone  jambs  and  lintels.  The  gates  are 
managed  by  means  of  WTOught-iron  rods  attached  to. 
them,  having  a  screw  formed  on  the  upper  part  on 
which  a  brass  nut  works,  being  set  in  a  cast-iron 
socket  cap. 

The  accompanyiag  view,  Fig.  59,  is  taken  above 
the  dam,  showing  the  position  of  the  entrance  to  the 
tunnel  leading  from  the  reservoir  to  the  gate-chamber. 
The  entablalure  on  the  left  against  the  rock  is  built 


directly  over  the  month  of  the  tunnel,  and  from  this 
the  timnel  extends  tlrrough  the  rock  to  the  gate-house 
seen  on  the  right  of  the  view,  and  at  some  distance 
from  the  dam.  In  the  centre,  on  the  ridge  of  the 
dam,  is  a  gate-house  over  a  culvert  which  extends 
through  the  body  of  the  dam.  This  cidvert  is  30 
feet  below  the  surface  of  the  water  when  the  re- 
servoir is  full,  and  has  gates  opening  by  rods  rising 
into  the  house.  When  the  river  is  low,  the  water 
wliich   iy   not  drawn  off  by  the  aqueduct  can  pass 


throu^b  this  culvert,  aiid  allow  U' 

The   faottuui  of  t'ne  w.i!cr-\va. 


where  it  leaves  the  g-at.-i  li;):,.!.  ,,  i-.  I  1 ,10  feet  below 
the  surface  of  the  Vounlaiii  lv(  scrvo.i-,  aud  154,77 
feet  above  the  level  of  mean  tide  at  the  city  of  Now 
York.  The  length  of  the  aqueduct  as  it  is  divided 
into  different  planes  of  descent,  from  the  gate- 
cliamber  at  the  Croton  Dam  to  the  gate-chamhcr  at 
the  Receiving  House  on  the  Island  of  New  York,  is 
as  foUows : — 

Feet.  Miles.  Peel. 

The  first  plane  of  aque- 


The  descent  on  the  first  plane  is  about  7i  inclu  s 
per  mile;  on  the  second  and  third  planes  about  13.1 
mches  per  mile ;  and  on  the  fourth  plane  about  9 ' 
inches  per  mile. 

The  bottom  of  the  water-way  of  the  aqueduct  at 
the  gate-chamber,  where  it  enters  the  receiving  reser- 
voir, is  7.86  feet  below  the  level  of  the  top  water- 
lino  in  the  reservoir ;  so  that  when  the  reservoir-  is 
full,  the  water  will  rise  to  wifliin  7t  inches  of  the  top 
of  the  interior  of  the  aqueduct  at  that  place,  and  the 
height  from  the  top  water  to  the  top  of  the  interior 
will  inereasfe  according  to  the  plane  of  the  aqueduct 
grade,  until  it  reach  the  sm-face  level  of  the  flow  of 
water  in  the  aqueduct. 

The  height  of  the  interior  of  the  aqueduct  is  S  feet 
ai  inches,  and  the  greatest  width  is  7  feet  5  inrhes. 
The  sectional  area  of  the  interior  is  53. Si  square  feet. 
On  the  first  plane  the  aqueduct  is  larger,  being  2.05 
feet  higher  at  the  gate-chamber,  2.31  feet  higher  at 
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2,244  feet  from  the  chamber,  aud  dimitiishing  to  the 
head  of  the  second  plane,  where  it  is  of  the  dimcn- 
sions  above  mentioned,  and  continues  the  same 
throughout,  except  in  tunnels,  where  the  dimensions 
are  those  already  stated. 

The  curves  used  to  change  the  direction  of  the  line 
!;f  ill!'  niiiii duct   are  generally  formed  with  a  radius 

,  '   .■,'";  i; ;  I  ,  - >c  have  a  radius  of  1,000  feet;  and 

;::     irv, m  1  :h,':s  even  larger  ones  have  been  adopted. 

Tiic  vciucily  'A  the  water  in  the  aqueduct  is  about 
a  mile  and  a  half  per  hour,  when  it  is  2  feet  deep. 
This  was  determined  by  floating  billets  of  wood  from 
the  Croton  Dam  to  Harlem  Kiver,  and  noting  the 
time  of  theii-  passage.  Tliis  would  give  the  surface 
velocity,  which  is  greater  than  that  of  the  whole  body 
of  water  in  the  aqueduct ;  but,  as  the  working  depth 
is  4  feet,  there  is  a  corresponding  increase  in  the 
velocity  of  the  body  of  water :  hence,  the  velocity  of 
a  mile  and  a  haK  an  hoiu-  may  be  taken  in  general 
terms  as  the  velocity  of  the  water  in  the  aqueduct. 

The  Receiving  Reservoir-,  into  which  the  aqueduct 
discharges  its  water,  occupies  an  elevated  part  of  the 
island  of  New  York.  It  is  1,S2G  feet  long,  and 
836  feet  wide,  from  outside  to  outside,  at  the  top  of 
the  external  walls  of  the  embanlcment,  making  alto- 
gether an  area  of  35  acres.  In  this,  as  in  almost 
every  instance  of  excavation,  the  rock  was  found 
above  the  proposed  bottom  of  the  excavation;  and 
the  difficulties  of  preventing  leakage  along  the  siu'face 
of  the  rock  were  great.  The  natural  veins  and  fissures 
of  this  gneiss  formation,  and  the  partial  unsoundness 
of  the  rook,  rendered  leakages  still  more  probable ; 
but  all  this  was  overcome  by  the  skill  of  the  en- 
gineers. The  embankments  of  the  resei-voir  were 
made  of  good  assorted  earth,  and  a  portion  of  the 
bank  was  puddled,  or  made  compact  and  impervious 
by  wetting  the  earth  and  using  a  spade  to  force  it 
into  a  compact  state.  The  embankments  were  about 
20  feet  wide  on  the  top,  and  increased  in  thickness 
towards  the  base  by  sloping  on  both  sides.  The 
outside  face  was  protected  by  a  stone  wall,  4  feet 
thick,  with  the  face  laid  in  mortar ;  the  inside  face 
,,.,,,.  ^^,.r,^^etofl  by  a  sloping  wall  of  stone,  ly  feet 
•I  .  I  ,  I  !■  i  ■'  i'-  ut  mortar.  The  top  of  the  bank  is 
Ml,  ii,p  water-lino,  and  the  inside  sloping 

,,  ,i!J   ;;; .<-.   i  feet   above   the   top   water-line, 

leaving  tiie  remainder  of  the  face  to  be  covered  with 
grass,  so  as  to  present  a  belt  of  gi-een  above  the 
water  on  the  bank  all  round  the  reservoii-.  A  neat 
fence  bounds  the  outside  and  the  inside  of  the  top 
bank,  forming  a  walk  of  a  mile  in  length  romd  the 
entire  reservoir.  The  reservoir  is  formed  into  distiuct 
divi.«ions  :  the  gi-catest  depth  of  the  water  iuthc  nortli 
division  is  20  feet,  and  in  the  south  division  30  feet ; 
but  the  whole  of  the  rock  to  these  depths  was  not 
excavated.  The  capacity  of  the  reservoir,  when  both 
divisions  are  full,  is  150,000,000  imperial  gaUons. 
The  aqueduct  enters  a  gate-chamber  in  the  south 
division,  where  there  are  regulating  gates  for  dis- 
chargmg  the  water  into  either  division  by  a  continu- 
ation of  the  aqueduct  withiu  the  reservoir.  There  is 
■     -pipe  of  cast-iron,  for  allowiu^  the 


water  to  flow  from  one  division  into  the  other,  so  as 
to  equalize  the  level.  There  is  also  a  waste-weir  for 
draining  off  the  surplus  water  into  a  sewer.  Mi'. 
Towers  remarks  truly,  that  this  beautiful  lake  of  pure 
water  resting  on  the  summit  of  the  island  is  truly  a 
pleasing  object,  and,  considering  its  size,  is  wnat  no 
oilier  city  can  boast  of  having  •within  its  limits. 

Trom  the  Receiving  Reservoir  the  water  flows,  by 
means  of  large  pipes,  a  distance  of  two  miles,  into 
the  Distributing  Reservoir,  situated  within  the  city, 
tlie  object  being  to  have  a  suflieient  nead  of  water 
near  the  densely-populated  parts.  Fig.  CO  is  an  iso- 
nietrical  view  of  tins  reservok.  The  pipes  from  the 
Receiving  Reservoir  enter  it  at  the  base  of  the  central 
pilaster.  The  flow  of  water  is  regulated  by  stop- 
cocks ;  and  a  door  in  the  pilaster  affords  an  entrance 
to  the  vault  in  which  the  stop-eoeks  are  situated. 
This  reservoii-  is  divided  into  two  parts  by  means  of  | 
a  wall.     On  the  south  side  of  the  reseiToir  a  pipe,  3  i 


feet  m  diameter,  proceeds  from  each  division  to  the 
supply  pipes,  so  arranged  as  to  draw  fi-om  one  or 
both  divisions.  The  house  standing  across  the  di- 
vidiug  wall  is  situated  directly  over  the  mouth  of  the 
eflluent  pipes,  which  leave  the  reservoii-  at  the  base 
of  this  pilaster.  The  water  is  distributed  over  the 
town,  througn  134  miles  of  pipe,  of  all  sizes,  between 
36  and  4  inches  bore.  By  this  means  also  several 
public  and  private  fountains  are  supplied.  Peed- 
pipes,  from  half-an-inch  to  1  inch  bore,  are  led  from 
the  main-pipes  into  the  basement  of  every  house,  and 
in  many  cases  a  pipe  rises  to  the  bed-rooms,  for 
supplying  baths,  &c.  The  mains  are  also  furnished 
with  muzzles,  to  which  the  engine-hose  of  fire-engines 
can  be  screwed,  for  extinguishing  fires ;  and  at  the 
harbour  pipes  are  branched  out,  terminating  at  the 
bulwarks,  for  supplying  ships,  and  filling  the  water- 
casks  on  board,  by  means  of  a  hose.  The  Distributing 
Reservoir  is  425  feet  square,  nieasui'ing  from  the  top 


of  the  corners  of  the  main  wall,  and  436  feet  square 
at  the  base.  It  covers  a  little  more  than  4  acres. 
Its  height  is  45  feet  above  the  neighbouring  sti'eets, 
and  about  50  feet  above  the  foundations.  Its  capacity 
is  20,000,000  gaUons.  The  outside  waUs  are  con- 
sti-ucted  with  openings  in  them,  so  that  by  entering 
a  door  one  may  walk  entirely  round  the  reservoir, 
witnin  the  walls.  The  object  of  this  construction 
was  to  obtain  a  greater  breadth  with  a  given  quantity 
of  material,  and  also  to  afford  an  opportunity  of  ex- 
amining the  work,  so  as  to  guai'd  against  leakages, 
and  to  prevent  any  moLsture  from  finding  its  way 
through  the  exterior,  so  as  to  cause  injury  to  the  wall 
by  freezing.  This  kind  of  open- wo.  \  rises  to  within 
about  S  feet  of  the  top  of  the  water-line.  Inside 
these  walls  is  an  embankment  of  puddled  work,  formed 
with  a  suitable  breadth  of  base  to  give  security  to 
the  \TOrk,  and  the  face  of  this  embankment  next  the 


water  is  covered  with  a  wall  of  hydrauhc  masom-y  1^ 
foot  thick.  The  top  of  the  embankment  is  covered 
with  a  stone  fhgging,  forming  a  walk  round  the 
reservok,  and  is  bounded  by  aji  iron  railing.  The 
exterior  of  the  reservoir  is  built  on  a  slope  of  one- 
sixth  its  height,  and  an  Egyptian  cornice  projects  at 
the  top  of  the  main  wall  and  pilasters.  Terraces  are 
formed  at  the  foot  of  the  walls,  covered  with  grass, 
giving  a  rich  finish  to  the  work. 

This  reservoir  may  be  considered  as  the  termina- 
tion of  the  Croton  Aqueduct.  Its  distance  from  the 
Fountain  Reservoir  on  the  Croton  River  is  40i  miles. 
The  cost  of  this  noble  work  amounted  to  8,575,000 
dollars,  including  the  purchase  of  land  and  extin- 
guishing water  rights  and  some  unfinished  works. 
This  amount  is  within  5  per  cent,  of  the  estimate  of 
the  chief  engineer,  Mr.  John  B.  Jervis.  To  this 
sum  must  be  added  1,800.000  dollars,  as  the  cost  of 
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the  (listribntiug  pipes.  The  fast  two  millions  -were 
raised  at  interest  of  7  per  cent.,  and  is  payable  from 
1847  to  1857  :  5  per  cent,  interest  was  charged  for 
the  remainder,  to  be  redeemed  from  1858  to  ISSO. 
A  discount  of  647,157  dollars  was  charged  for  issuing 
the  loan,  which,  together  with  the  interest  paid  during 
the  construction  of  the  work,  brings  the  total  expense 
to  12,500,000  dollars.  The  annual  interest  for  this 
capital  amounts  to  665,000  dollars,  which  is  raised  by 
a  direct  water-tax  and  some  indirect  taxes.  By 
means  of  an  existing  sinking-fund  the  capital  will  be 
gradually  redeemed.  The  water-tax  amounts  to  10 
dollars  for  a  house  of  middle  size,  and  there  are  more 
than  33,500  houses  in  the  city.  Manufactories, 
hotels,  bathing  houses,  distilleries,  livery-stables, 
breweries,  slaughter-houses,  &c.,  and  ships,  pay 
according  to  the  rate  of  consuui])tiou. 

The  complete  success  ..r  liie  ( ■r.h,,,  V,,,.,,!,,,  I  lias 
stimulated  other  citirs  ,  :  I  :  '   pt 

similar  plans  for  obtaiui  I  :      i  iic 

Boston  Aqueduct  is  a  wmi  ill)  biiLci..:n,Mr  u  ihc  Ciuii.u. 

Our  cMcf  authority  fur  the  details  respoclLug  the 
Ci-oton  Aqueduct  is  an  exceUent  work,  entitled, 
"  Illustrations  of  the  Croton  Aqueduct,"  by  ¥.  B. 
Towers,  of  the  Engineer  Department ;  New  York  and 
London,  1843.  We  have  also  consulted  Schramko's 
■'  Description  of  the  New  York  Croton  Aqueduct." 

ARCH,      See  Bkidge. 

ARCHIL.  Orchil.  Cudbeab.  A  violet  dye 
obtained  from  several  species  of  lichen,  the  most  im- 
portant of  which  arc  Roccella  limtoria  &xA  fusiform  is, 
the  dye  of  which  makes  litmus,  and  is  largely  used 
by  manufacturers  under  the  name  of  Ai'chil  or  Or- 
seUle  des  Canaries,  and  Lecanora  perella  or  Oneille 
de  terre,  and  L.  fcniarca  or  Cudbear.  Other  species 
maybe  siniiln!-.  r'n'.l.r,  r:l,  ;,;:  1  l!;i'  i!ir.,li-  df  i,  :'.  •  ^ 
isasfbllou-       'i ■     ■ 

with    equal    [lai  is    d'    ; ;:a    ami    lanc-\'.ai'  r.      A 

little  hydi-ochlumtc  of  rn.imonia  is  also  added,  and 
the  bottle  corked.  lu  three  or  four  days  the  small 
portion  of  liquid  which  wUl  run  off  on  inclining  the 
bottle,  will  perhaps  be  tinged  ynih.  crhnson,  and  the 
jilaut  itself  will  assume  the  same  colour.  If  so,  the 
lichen  will  yield  a  dye  similar  to  that  of  RocceUa 
tiuotoria.  The  last  named  lichen  or  Archil  plant  is 
abundant  in  the  Canaries  and  Cape  Verd  islauiU.  aa  1 
in  the  Levant.  Pliny  describes  it  as  growin"  -  a  ' 
rocks  of  Candia  and  Crete,  and  says  thai  I'l  'i 
tint  or  ground  colour  of  the  costly  purple  Ma .  Li\ m 
with  the  dye  obtained  from  this  plant.  So  in  Ihc 
present  day,  archil  is  chiefly  used  to  improve  other 
colours,  and  give  richness  and  brilliancy  to  them, 
being  too  fleeting  to  be  employed  alone,  The  use  of 
this  dye  was  revived  in  Italy  in  the  fourteenth 
century  by  a  Florentine,  vrho  emiched  himself  and 
his  country  by  making  it  a  branch  of  commerce. 
The  Spanish  name  of  the  lichen  v,-n-  Oiri  lii.  and 
this  became  Oricella  or  Orehella,  ai  I  :!,.  '.  a  in 
had  revived  the  manufacture  Ora    i    :  a  ils 

cormpted  into  Rucellari  and  Kn. ,  i!  •,  .,  a,  ■  i.ll 
found  among  the  first  families  in  Florence. 


This  lichen  has  an  upright  growth  of  about  two 
inches,  and  when  old  is  crowned  by  flat,  round  disks. 
The  colour  varies  from  white  to  dark  gi-ey.  The 
several  lichens  employed  in  this  dye  are  largely  ex- 
ported from  the  places  where  they  grow,  and  are  in 
considerable  request  at  the  ports  of  London,  Am- 
sterdam, and  Marseilles.  One  hundred  and  thirty 
tons  of  the  Lecanora  tartarea  are  annually  exported 
from  Sweden.  These  lichens  are  principally  collected 
on  the  rocks  near  the  sea,  and  are  frequently  packed 
without  any  previous  preparation.  But  it  is  ne- 
cessary before  usmg  them,  to  clear  and  grind  {hem 
into  a  pulp  with  water.  Ammoniacal  liquors  derived 
from  gas-works,  or  occasionally  from  ui'ine,  are 
gradually  added,  and  the  mass  is  frequently  stirred 
so  as  to  expose  it  to  the  action  of  the  air.  The 
colom-ing  matter  is  thus  evolved,  and  is  afterwards 
pressed  out  and  made  into  a  paste  with  chalk  and 
plaster  of  Paris.     This  is  the  archil  of  commerce. 

Archil  readily  yields  its  colouring  matter  to  both 
water  and  alcohol.  A  total  exclusion  of  air  from 
this  substance  destroys  its  colour  as  effectually  as  too 
much  exposure.  Thus  in  spirit  thermometers  in 
which  the  liquid  is  usually  tinged  with  archil,  if  the 
exclusion  of  air  is  complete,  the  colour  gradually 
fades  away,  but  upon  breaking  the  tube,  the  colour- 
less spirit  soon  resumes  its  colom-,  and  this  fading 
and  reviving  may  be  carried  on  a  number  of  times  in 


One  of  the  principal  sources  of  colom-ing  matter 
in  lichens  is  a  chemical  substance  called  orci/ie, 
which  reddens  on  expos\u-e  to  the  air.  Orcinc  has  a 
sweet  but  somewhat  repidsive  taste;  its  properties 
are  perfectly  neutral ;  it  crystaUizes  in  flat  four-sided 
prisms. 

la  I's  '  d' a  :  '''  ■"  arclul  is  frequently  em- 
■      '  '  '  I    ace  their  usually  fleeting 

,    ,    a  ■   nai      ,  i,   -s   ,     liucs  this  dye  is  merely 

a  rd  1 ,\i(\  li,    liiaahiea,  the  silks  being  passed 

through  a  bath  of  archil  to  receive  the  peculiar 
bloom  of  that  substance.  The  beauty  imparted  by 
this  dye  is  a  temptation  to  manufacturers  to  employ 
it  too  largely.  Arclul  is  employed  with  indigo  in  the 
woollen  cloth  maunfaeture,  and  produces  a  saving  of 
indigo,  while  it  gives  a  rich  appearance  to  the  blue  or 
blick  cloth  dyed  with  it,  but  this  rcqiures  caution, 
aial  file  bloom  imparted  is  often  deceptive.  Archil 
lie  made  more  dui'ablc  by  the  ordinary  means ; 
iiiiu  of  tin  appears  to  be  the  only  substance 
(  ij  aMe  of  fixing  it,  and  this  changes  the  coloiu-  from 

A  fine  violet  eolo\ir  is  imparted  to  marble  by  archil, 
and  this  is  less  fugitive  than  other  forms  of  this  dye. 

The  preparation  called  Cudbear,  (Cuthbert,)  is  so 
named  from  Dr.  Cuthbert  Gordon,  who  took  out  a 
])atent  for  this  mode  of  preparation,  and  connected  it 
with  his  own  name. 

ARCHIMEDEAN  SCREW.     See  Screw. 

AREOMETER.  A  kind  of  hydrometer.  See 
Gr-WIty,  Specimc. 

ARGAND  LAMP.  This  valuable  invention  has 
been  named  in  honour  of  the  inventor  Ami  Argand, 


,-LRRIS— ARROW  ROOT— ARSENIC, 


a  native  of  Erauoe,  who  in  17S9  contrived  a  bm-ncr 
consisting  of  two  iiiotaliic  cylinders  one  within  the 
other,  the  annular  space  between  them,  which  is 
closed  at  the  bottom,  containing  oil  and  a  cylindrical 
wick,  the  latter  being  attached  to  a  short  brass 
holder  which  is  regulated  by  a  screw.  The  space 
within  the  inner  metallic  cylinder  is  open  both  at 
top  and  bottom.  Wlien  the  wick  is  lighted  it 
burns  with  a  dull,  wavy,  smoky  flame,  but  on  sus- 
pending over  it,  as  Argand  did,  a  cylinder  or  clmuney 
of  sheet-iron,  a  powerful  di-aught  is  excited  both 
within  and  without  the  ring  of  flame,  and  the  ad- 
ditional quantity  of  air  thus  brought  into  contact 
with  the  flame,  greatly  improves  its  brilliancy  bv 
ensui-ing  the  perfect  combustion  of  the  carbon,  which 
without  such  a  contrivance  passes  off  in  smoki'. 
Soon  after  the  original  invention,  Lauge  suggested  a 
glass  instead  of  an  iron  ehinmey,  and  altered  its  form 
by  contracting  the  diameter  of  the  cylinder  a  little 
above  the  burner.  By  this  means  the  draught  on 
entering  the  cylinder  has  its  direction  changed  at  the 
l>oint  where  the  contraction  begins,  and  is  thus 
thrown  upon  the  flame  in  a  more  advantageous 
direction  for  combustion.  [See  Gas  Lighting— 
Lamp.] 

ARRIS,  the  intersection  or  line,  on  which  two 
surfaces  of  a  body  forming  an  exterior  angle  meet 
each  otlicr.  The  term  is  used  by  all  workmen 
engaged  in  buildmg,  as  the  arris  of  a  stone,  of  a 
piece  of  wood,  or  of  any  other  matei-ial.  Although 
the  edge  of  a  body  may  m  general  language  mean 
the  same  thing  as  its  an-is,  yet,  in  building,  the  term 
edge  is  restricted  to  those  two  surfaces  of  a  rect- 
angular solid,  on  which  the  length  and  thickness  may 
be  measm-ed,  as  in  boards,  planks,  doors,  shutters, 
and  other  framed  joinery. 

ARROW-ROOT.  A  very  pui'e  form  of  stakch, 
used  as  food.  It  is  obf aincd  from  the  tuberous  roi.l  ■ 
of  several  species  of  J!.  .  '.  ,  a  f,i  ikI.  ^f  !h;^..rr  i.  ■ 
tropical  plants,  of  \vlii>:i   i;  i,    ii 

most  esteemed,  and  p-  •  \i  >       Iv 

arrow-root.  This  star,!,  i,  npar  ii..ur;-i;:i  -  ll  ;i 
that  from  wheat  or  potatoes,  and  is  oblaiucd  in 
the  following  manner ; — The  fleshy  rliizomes,  or  roots 
of  the  plant,  arc  dug  up  when  a  year  old,  and 
well  washed  in  pure  water;  they  are  then  either 
grated  or  pounded  m  wooden  mortars,  and  the  pidpy 
matter  to  which  they  arc  reduced  is  then  thi'own 
into  a  large  quantity  of  water,  and  agitated.  The 
fibrous  parts  are  collected  in  the  hand,  squeezed,  and 
removed,  and  the  remaining  milky  liquor  is  strained 
through  a  hair-sieve,  and  left  to  settle.  The  wUto 
pasty  mass,  which  siiJcs  to  the  bottom  of  the  vessel,  is 
the  arrow-root,  which  is  sometimes  subjected  to  a 
further  washing,  and  again  left  to  subside,  before  it  is 
pronounced  fit  for  the  market.  It  is  thcu  dried  and 
packed  for  exportation.  The  arrow-root  of  Bermuda 
is  considered  the  finest. 

Several  suhstitutes  for  arrow-root  have  been  em- 
ployed, such  as  Caiim  slarcli,  or  Tom  les  mots,  ob- 
tained from  the  roots  of  Camia  coccinea,  extensively 
grown  at  St.  ICitt's;  OtaheUe  arrow-root,  which  is 


the  starch  of  Tacca  jnnmtifida  ;  Portland  arrow-root, 
from  tlie  fleshy  roots  of  Arum  maculalum,  which  are 
acrid  when  raw,  but  when  roasted  or  boiled  become 
wholesome,  and  yield  a  starch  resembling  arrcw-root, 
common  in  the  Isle  of  Portland;  and  East  Indian 
arrow-root,  which  is  obtained  from  some  species  of 
Curcuma. 

An-ow-root  is  prepared  for  use  by  fii-st  mixing  it 
with  a  small  quantity  of  cold  water  to  the  smooth 
consistency  of  cream  ;  then  adding  boiling  water,  or 
boiling  milk  mider  constant  stirring,  until  it  becomes 
a  miiform  pnsty  mixture,  wliich  may  be  flavoui-ed 
\':';i  ■■•■'.-  •■.  I  '  -  ,  :  .'  Muc,  A  table-spoonful  of 
I  Mike  a  pint  of  this  food. 

\'\'•'-^  '-ii  .  /,.,/.  masculine,  so  called  from 
IN  1   !!>    I;.,;,-  !.i\iiig  man,)  resembles  the 

metals  in  its  physical  properties,  but  not  so  in  its 
chemical,  for,  instead  of  forming  oxides  with  oxygen, 
it  forms  acids,  in  which  respect  it  resembles  phos- 
phorus. The  term  arsenic,  or  white  arsenic,  is  one  of 
the  oxides  of  the  metal  aneaicum.  It  is  both  an  oxide 
and  an  acid,  viz.,  arsenious  acid.  Combinmg  with 
bases  it  forms  arscniates,  many  of  which  are  native. 
Ai'scnic  also  occurs  as  a  sidphuret,  and  is  frequently 
fomul  in  combiaation  with  other  sulphm-ets,  as  with 
the  sulphuret  of  ii'on,  forming  arsenical  pyrites. 
During  the  roasting  of  the  arsenical  sulphurets  of 
copper,  ii-on,  cobalt,  and  nickel,  abundance  of  wliite 
ai-seuic  is  formed,  from  whence  the  commercial  de- 
mand is  supplied.  Traces  of  ai-scnic  ai-e  to  be  found 
in  many  minerals  and  in  their  products,  as  in  sul- 
phuric and  sulphui'ous  acids,  in  zinc,  sulphuret  of 
antimony,  &c. 

Metallic  arsenic  may  be  obtained  by  gradually 
1, ,,.,(;„„  f,i  roilMc-!?  white  arsenic,  with  its  weight  of 
■ill  retort  contained  in  a  sand-bath : 
into  the  neck  of  the  retort.  It  is 
I  > 'lorn-,  of  crystalbne  texture,  very 
.  :,iLd  o!  tlie  specific  gravity  of  about  5.S  Heated 
.!i;ll  red,  it  sublimes  vrithout  fusing,  so  that  it 
i  appear  to  be  incapable  of  assuming  the  fluid 
-:,:K  .  According  to  Regnault,  the  reason  for  this  is 
because  the  temperature  at  which  it  fuses  is  very 
near  that  at  which  it  boils,  under  atmospheric  pres- 
sure. Volatde  bodies  throw  off  vapours  far  below 
theii'  boiling  points, — a  property  applicable  to  solids 
as  well  as  to  liquids.  Arsenic  gives  off  abundant 
vapours  at  a  temperature  a  little  below  its  boiling 
point,  and  can  be  completely  sublimed  without  attain- 
ing its  fusing  point.  But  the  distance  between  the 
fusing  point  and  the  boiling  point  of  a  body  may  be 
indcfiuiitely  increased.  The  boiling  point  of  ;uiy  sub- 
stance is  the  temperatui-e  at  which  the  elastic  force 
of  its  vapour  is  in  equilibrium  with  the  pressure 
exerted  on  it.  By  increasing  this  pressui-e  the  boiling 
point   is  necessarily  raised ;  but  the  fusing  point  is 


aot  sensibly  affected.  We  may  thus  suppose  that 
arsenie  is  capable  of  being  fused,  if,  uistcad  of  heating 
it  in  an  open  tube,  it  is  heated  in  a  stout  glass  tube, 
bennetically  sealed :  the  increased  pressure  within 
the  tube  ought  to  prevent  the  ebullition  of  the  metal, 
and  thus  cause  it  to  melt  long  before  it  boils.'  Pro- 
fessor Brande  states  that  the  experiment  has  been 
tried,  and  that  the  tension  of  the  vapour  burst  the 
tube  before  the  arsenic  showed  signs  of  fusion. 

Vapour  of  arsenic  is  colourless ;  it  has  an  odour 
of  garlic,  which  is  characteristic ;  the  density  of  the 
vapoiir  is  about  10.09.  The  atomic  weight  of  arsenic 
is  75,  and  its  chemical  symbol  As. 

Arsenic  combines  with  the  oxygen  of  the  air  at 
ordinary  temperatures  ;  its  surface  tarnishes,  and  it 
becomes  covered  with  a  blackish  dust ;  but  its  me- 
taUic  lustre  is  restored  by  leaving  it  for  some  hours  in 
a  solution  of  chlorme. 

Arsenic  is  combustible :  it  bums  with  a  livid  flame, 
with  the  production  of  wliite  arsenic.  This  substance 
is  prepared  on  a  large  scale  by  decomposing,  by  means 
of  heat,  arsenical  pyrites.  In  SUesia  there  are  two 
mines  of  this  ore,  which  supply  the  works  at  Reichcn- 
stein  and  Altonberg,  where  large  quantities  of  metallic 
arsenic,  arsenious  acid,  realgar,  and  orpimeut,  are 
manufactured.  The  ore  is  roasted  in  a  muffle  furnace, 
the  sole  of  which  m  is  somewhat  mcUned,  as  in  Kg  CI . 


1  In-,  1  I  111  1^  1  I  t  t  1  1  ,  lb  fett  wid 
a  liu  /  uu  ki  its  \\holL  1  n^tb,  the  smoke  of  which 
escaj  cs  by  the  cliimiclb  I  t  mto  the  ohunney  I  The 
muffle   IS  mounted  upon  buck  w oik,  fuimshed  with 


>   openmgs   for  tue  llime      Tig  02,   is  a 
:  section  of  the  furnace,  showing  the  foim 
of  the  muffle  m;  f  is  the  fii-e,  and  n,  the  ash  pit. 


n 

ore  is  poiu-ed  into  the  muffle  by  a  fiumcl  at  /, 
rig.  61,  and  is  then  spread  uniformly  over  the  sole 
by  means  of  a  rake.  In  the  course  of  12  hours 
the  ore  is  decomposed,  with  the  production  of  sidphate 
of  hon  and  arsenious  acid.  The  latter,  in  the  form 
of  a  vapour  or  of  a  light  powder,  is  conducted  by  the 
chaimel  c,  Fig.  61,  into  condensing-chambers,  o  o, 
Fig.  63,  where  it  gradually  condenses,  m  following  the 
direction  of  the  dotted  line,  wlule  the  heated  air 
escapes  by  the  flue.     Every  live  or  six  weeks  these 


chambLi;.  ..,^   w....^ i  i   wLilIi  puipi  .si,  duois 

opened  dt  d,  <uiJ  the  Jilleicnt  chambcis  can  be 
lie  to  commumcate  by  uncoveriug  the  opemngs  at  o. 
The  puiest  acid  is  found  in  the  lower  chambers  ; 
tlut  m  the  upper  ones  contains  sulphur.  The 
lemoval  of  the  acid  from  these  chambers  is  a 
daugeious  occupation.  The  workmen  wear  a  leathern 
drcis,  c-irefuUy  fastened  round  every  part  of  the  body, 
and  Jso  over  the  head,  which  is  fmther  protected 
by  a  leathern  helmet,  fui-nishcd  with  glass  eyelits. 
Under  the  hebnet  the  mouth  and  nostrils  aie  coveicd 
with  a  wet  sponge  or  moist  linen,  for  the  pui-pose  of 
filteimg  the  air  necessary  for  respiration.' 

The  ciude  irsenious  acid  obtamed  by  the  above 
process  is  loiined  by  a  second  sublimation,  in  iron  pots 
coveied  with  tkumsof  sheet-iron,  terminating  in  con- 
deu<;mg  chimbeib  A  number  of  these  pots  are  placed 
in  a  furnace,  and  raised  to  a  full  red  heat,  when  the 
acid  subhmes  mto  the  di'ums,  and  forms  an  internal 
ciust  2  mchos  thick,  the  exterior  of  which  is  still 
impuie  and  of  a  brown  colour,  and  requires  to  be 
refined  a  thud  and  even  a  fourth  time.  Flowers  of 
aiserac  are  condensed  in  the  chambers. 

In  the  tieatmcnt  of  certain  metaUic  arsenio-sul- 
phurets,  the  prmcipal  object  is  to  obtain  the  metal 
which  IS  combmed  with  the  arsenic;  in  this  case  the 
ore  lb  1  oasted  on  the  hearth  of  a  reverberatory  furnace, 
and  the  sulphur,  which  is  converted  into  sulphurous 
acid,  IS  allowed  to  escape  up  the  cliinmey ;  but  the 


ARSENIC— ARTESIAN  WELLS. 


itrseiiic,  which  is  converted  into  arsenious  acid,  is 
condensed  in  conduits  placed  between  the  fui-nace 
and  the  chimney. 

Arsenious  acid  (AsOa)  when  newly  prepared,  con- 
sists of  vitreous  masses  perfectly  colourless;  but 
when  the  fragments  are  left  some  time,  they  become 
opaque,  and  assume  the  appearance  of  porcelain.  This 
change  proceeds  gradually  from  the  surface  to  the 
centre ;  for  when  broken,  the  external  crust  is  like 
porcelain,  while  the  interior  is  vitreous.  This  vitreous 
portion  is  three  times  more  soluble  in  water  than  the 
opaque  portion,  and  dissolves  more  rapiiUy.  Ac- 
cording to  M.  Guibourt,  100  parts  of  water  contain 
in  a  saturated  solution — 


Dnder  the  influence  of  cold  water,  the  vitreous  acid 
becomes  opaque :  mechanical  division  has  the  same 
effect,  for  the  vitreous  acid  reduced  to  line  powder  is 
not  more  soluble  than  the  opaque. 

Arsenious  acid  reddens  litmus  in  the  same  manner 
as  feeble  acids.  It  has  no  smell  at  ordinary  tempera- 
tures, but  a  pinch  of  it  dropped  upon  a  live  charcoal 
exhales  the  characteristic  smell  of  garlic,  which 
arises  from  the  metal  itself,  a  portion  of  the  acid 
being  decomposed  by  tliis  process.  The  specific 
gravity  of  arsenious  acid  is  3.6.  It  combines  with 
bases  and  forms  arsenites.  The  arsenious  acid  of 
commerce  is  used  iu  large  quantities  ia  the  prepara- 
tion of  green  colours.  Arsenite  of  copper  is  of  a 
beautiful  green  colour,  and  forms  what  is  called 
Scheele's green:  arsenious  acid  is  also  used  in  medicine, 
in  the  manufactm-e  of  shot,  for  dissolviag  indigo,  and 
in  small  quantities  in  the  manufacture  of  flint  glass, 
in  order  to  get  rid  of  the  peroxide  of  iron  in  the 
sand,  but  an  excess  makes  the  glass  nulky.  It  is 
the  common  instrument  of  destruction  in  the  hands 
of  the  poisoner :  it  is  virulently  poisonous  when 
taken  into  the  stomach,  and  also  fatal  when  applied 
to  a  wound.  Various  antidotes  have  been  proposed, 
but  none  seem  to  be  effectual.  Wien  the  poison 
has  been  only  recently  taken,  the  best  plan  is  to 
administer  an  emetic,  and  then  to  give  a  saturated 
solution  in  acetic  acid  of  the  newly  precipitated 
liydrated  peroxide  of  iron,  or  a  quaiitity  of  caustic 
magnesia  mixed  with  water.  These  oxides,  combining 
with  the  arsenious  acid,  form  insoluble  arsenites,  and 
thus  destroy  the  effect  of  the  poison.  Various 
delicate  tests  have  been  devised  for  detecting  the 
presence  of  arseuie  iu  food,  and  in  the  human  subject 
after  death,  but  these  had  always  better  be  left  in 
the  bauds  of  the  scientific  chemist.  The  poisonous 
properties  of  arsenious  acid  have  also  been  taken 
advautage  of  for  the  destruction  of  vei-min.  To 
destroy  mice  and  rats  the  poison  should  be  mixed 
with  flour  or  with  lard,  but  not  in  too  large  a 
quantity,  or  these  animals  wiU  not  touch  it.  In 
another  form  the  poison  may  be  employed  with 
advantage,  in  the  presen'ation  of  stuffed  birds  and 
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following  recipe : — 

WMte  soap        .     .     .     .  100  parts 

Arsenious  acid    .     .     .     .  100     „ 

Carbonate  of  potassa  .     .  35     „ 

Camphor 15     „ 

Quicklime 32     „ 

The  soap  is  to  be  scraped  and  melted  in  a  pipkm 
with  a  little  water  at  a  gentle  heat;  then  add  the 
potassa  and  the  lime,  and  mix  them  well  together : 
the  ai'senious  acid  is  afterwards  added  gradually  and 
well  incorporated.  The  camphor  is  reduced  to 
powder  by  rubbing  it  up  in  a  mortar,  with  the 
addition  of  a  few  drops  of  spmt  of  wine,  and  when 
the  soap  is  cold,  this  is  well  mixed  in.  A  portion  of 
this  soap  mixed  with  water  is  applied  to  the  prepara- 
tion by  means  of  a  camel's  hair  peneU.  It  constantly 
exhales  the  odour  of  arseniuretted  hydrogen,  and 
effectually  destroys  insects  and  their  eggs. 

Arsenic  acid  (AsOj)  is  obtained  by  distilling  nitric 
acid  off  powdered  metallic  arsenic.  The  union  of 
this  acid  with  metallic  oxides  produces  arsemaies 
The  arseniate  of  potash  is  used  in  calico  prmting. 

Arsenic  combines  with  hydrogen,  producing  the 
volatile  and  higUy  poisonous  gas,  arseniuretted 
hydi'ogon.  It  combines  also  with  chlorine,  forming 
butler  of  nrsenie.  There  are  various  combinations  of 
arsenic  and  sulphur:  one  such  compound,  Realgar, 
occurs  native,  and  is  used  in  the  preparation  of  white 
Indian  fire,  which  consists  of  2i  parts  saltpetre,  7  of 
sulphur,  and  2  of  realgar,  finely  powdered  and  well 
mixed.  This  composition  burirs  with  a  white  flame 
of  great  brilliancy.  Realgar  is  of  a  beautiful  orange 
red  colour,  and  is  used  iu  painting.  It  consists  of 
AsS2.  AsSa,  forms  the  yellow  sulphuret  or  Orpiment, 
which  is  the  basis  of  the  pigment  named  King's 
yellow.  Native  oi-piment,  the  auripigmentum  of  the 
ancients,  is  of  a  bilUiant  lemon  or  gold  colour. 

Arsenic  \iuites  with  most  of  the  metals,  forming 
alloys  which  are  generally  brittle  and  comparatively 
fusible.  The  alloy  of  arsenic  and  iron  is  more 
brittle,  harder  and  more  fusible  than  iron.  Iron 
with  only  2  or  3  per  cent  of  arsenic  is  very  brittle 
when  heated.  Arsenic  and  copper  form  the  alloy 
called  while  tombac. 

ARTESIAN  WELLS  derive  their  name  from  the 
French  province  of  Artois,  the  ancient  Artesinm, 
where  extensive  researches  had  for  a  long  period 
been  carried  on  for  the  discovery  of  subterranean 
water.  In  these  wells  the  water  is  obtaiued  by 
boring  instead  of  digging ;  a  method  which  seems  to 
have  been  practised  from  a  very  early  period  in  Italy, 
especially  in  the  environs  of  Modena,  and  it  does  not 
appear  to  have  been  introduced  into  Erance  until  the 
reign  of  Louis  XTV.  It  is  probable  that  these  wells 
were  kno-wn  to  the  ancients,  for  Niebulir  quotes  the 
following  passage  from  Olympiodorus  : — "  Wells  ai-e 
siuik  in  the  oases  from  100  and  150  to  200  feet  ia  depth, 
whence  water  rises  and  flows  over."  Shaw  also 
meutions  a  group  of  villages  in  the  depth  of  the 
Sahara,  which  have  neither  springs  nor  fo\mtains, 
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but  the  inliabitants  siiik  wells  to  the  depth  of  100  or 
200  fathoms. 

Tlie  formation  of  artesian  wells  in  our  o^ti  day 
depends  on  a  practical  application  of  the  science  of 
Geology  to  the  Useful  Arts,  and  in  order  to  ^ain  a 
clear  idea  of  the  formation  and  mode  of  action  of 
these  wells,  it  is  necessary  to  inquire  into  the  origin 
of  natiu'al  springs  and  fountains,  and  the  conditions 
under  wliich   an  ordinary  well  yields   a  supply  of 

By  the  process  of  evaporation  which  is  carried  on 
at  ail  temperatures,  water  fronr  the  sm-faoe  of  the 
ocean,  from  lakes,  rivers,  and  even  from  the  ground, 
is  raised  up  into  the  atmosphere  and  fonned  into 
clouds.  These  clouds  are  borne  from  the  sea  to  the 
land,  where  they  pour  down  their  waters  in  gi-eatcr 
or  less  abundance.  In  England  the  mean  quantity 
of  rain  is  about  31  inches ;  that  is,  nearly  3,000  tous 
of  water  are  deposited  ui  the  course  of  the  year  upon 
every  acre.  A  portion  of  this  water,  either  derived 
db-ectly  from  rain,  or  the  sudden  melting  of  snow, 
forms  the  flood  waters  of  our  rivers ;  a  second  portion 
evaporates  from  the  surface  of  the  soU,  and  is  again 
taken  up  into  the  atmosphere;  a  thii-d  portion  supplies 
drink  and  fluid  nutriment  to  animals  and  plants ; 
while  a  fourth  portion  finds  its  way  through  the 
pores  or  fissures  of  the  soil  until  it  reaches  some  bed 
of  rock  thi'ough  which  it  cannot  pass ;  and  it  is  this 
portion  which  maintains  the  perennial  supplies  of 
wells,  springs,  and  rivers. 

It  is  well  known  that  in  sandy  districts  the  rain- 
water penetrates  as  through  a  sieve,  and  even  ii, 
mines  which  have  been  sunk  through  limestone  rock:-, 
the  iiiiners  say  that  the  water  increases  even  in  tin  , 
deepest  galleries  within  a  few  hours  after  rain  h.i. 
fallen  above  ground.     Springs  which  issue  at  vaniai- 
elevations  from  the   chalk  clifl's   of  our  coast,  ai.' 
known  to  be  much  increased  in  volume  inmiediati  i 
after  rain;  and  it  is  equally  a  matter  of  common  i.li- 
servation,  that  in  times  of  se\ere  drought  spin 
become    less    abundant,    and    many   dry  up    alt 
gethor.      Hence    it   will    be   found    that    spiing 
wells,  and  fountains  dcuve  all  tlieu  supplies  fi       I 
the  waters  of  the  atmospiiere,  aad  only    \itlil 
or  vary  their  supplies  ui  ac 
cordance  with  the  variation 
of  rain,  dew,  snow,  and  ev 
poration.' 


In  the  primary  formations,  such  as  granite,  porphyry, 
lav;T,  and  other  rocks  of  igneous  origm,  the  raui 
waters  have  veiy  limited  subterranean  passages,  and 
hence  each  little  streamlet  must  accomplish  its  course, 
as  it  were,  by  itself,  without  receiving  additions  from 
neighbouring  streamlets;  and  accordingly,  in  {or. 
raations  of  this  kind  the  springs  are  very  numerous 
and  very  small,  and  they  appear  very  near  the  places 
where  the  infiltration  of  the  rain  has  been  effected. 
It  is  very  different  in  the  secondary  formations. 
These  have  the  appearance  of  immense  basms,  (Fig.  OS, 
p.  77,)  which  seem  originally  to  have  been  vast  hori- 
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zoutal  plains  subsequently  elevated,  and  cii-cimi- 
scribed  by  the  upheavmg  force  of  the  prunary  rocks 
which  now  form  theii'  hill  or  mountain  boundaries. 
These  basins  are  arranged  in  layers  or  strata,  some  of 
which  are  of  great  tliickness,  and  consist  of  loose 
and  very  permeable  sand,  and  which  in  rising  from 
the  extremity  of  the  basins  project  or  crop  onl  on 
the  sides  of  hiUs  and  mountains;  the  rain-water 
filtering  through  these  out-cropping  strata,  may  form 
within  them  extended  sheets  of  water;  but  when  they 
are  inclined,  or  dip  at  a  high  angle,  this  water  rushes 
towards  lower  levels,  carrying  with  it  by  degrees 
portions  of  sand,  and  even  of  the  sun-ounding  rocks, 
thus  forming  subterranean  rivers  which  displace 
portions  of  the  original  massive  strata,  and  excavating 
large  caverns  where  previously  there  were  none. 

The  tertiary  formations  are  also  stratified,  or  com- 
posed of  a  greater  or  less  number  of  overlying  beds, 
wliicli,  like  the  courses  of  a  wall,  are  separated  from 
one  another  by  distinct  and  weU-marked  jomings.  This 
formation,  like  the  preceding,  is  nsuaUy  basin-shaped, 
but  commonly  of  far  less  extent.  This  shape  appears 
to  be  due  to  some  alteration  in  the  position  of  the 
si  rata,  dm-ing  which  the  constituent  elements  of  the 
tertiary  series  formed  the  ridges  of  the  slopes  and 
hills  which  surround  them.'  Dui'ing  this  change  in 
the  various  strata,  they  were  all  more  or  less  violently 
torn,  broken,  and  detached,  so  that  some  are  exposed 
and  crop  out  on  the  sides  and  simimits  of  hiUs. 

About  two-thu-ds  of  the  habitable  portion  of  the 
earth  consist  of  stratified  rocks,  and  geological  in- 
quiries obtain  much  of  their  precision  from  the  cir- 
cumstance that  the  various  series  of  strata  are  always 
arranged  in  a  given  order.  In  the  tertiary  series 
beds  of  porous  sand  occni-  at  various  elevations,  and 
the  surface-water  fn-st  penetrates  those  in  which  the 
uiclination  is  great ;  it  then,  by  its  lateral  pressui-e, 
finds  its  way  into  the  horizontal  branches ;  so  that 
wherever  a  succession  of  sand  beds  occurs  resting 
on  and  alternating  with  unpervious  strata,  we  may 
also  expect  to  fmd  as  many  subterranean  sheets  of 

Tliere  are  many  geological  differences  between  the 
secondary  and  tertiary  strata,  but  it  will  suffice  for 
our  present  purpose  to  state,  that  in  secondary  for- 
mations all  the  phenomena  are  exhibited  on  a  much 
grander  scale  on  account  of  the  prodigious  thickness 
of  the  strata,  of  their  less  frequent  alternations,  and 
the  greater  velocity  of  the  subterranean  cuiTcnts. 
Hence  in  the  secondary  formations  natiiral  springs 
are  rare,but  when  they  do  occur  they  are  very  abundant, 
and  form  great  chasms  and  caverns,  as  in  the  cele- 
brated rock  of  Torghat  in  Norway,  which  is  pierced 
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from  end  to  end  by  a  rectangular  opening  150  feet 
high,  and  upwards  of  3,000  feet  long.  So,  also,  the 
cavern  of  Guacharo,  in  the  valley  of  Caripe,  iu 
South  America,  has  for  its  vestibule  a  vault  72  feet 
high  by  SO  feet  wide,  near  the  summit  of  a  vast  rock 
of  secondary  limestone,  known  as  Jura  limestone. 
For  a  length  of  1,455  feet  it  has  all  the  charac- 
teristics of  the  vestibule.  The  superstitious  Indians 
would  not  allow  Humboldt  to  advance  further  than 
2,400  feet  from  the  entrance,  but  he  found  along  this 
extent  a  river  30  feet  broad  roUing  along  the  floor  of 
this  magnificent  cavern.  In  the  cavern  of  Adelsburg 
in  Carniola,  the  river  Poiok  engulfs  itself.  It 
appears  and  disappears  many  tmies,  and  has  been 
traced  underground  through  an  extent  of  6  miles,  as 
far  as  a  large  lake.  The  Fountain  of  Vaucluse  also 
issues  from  subterranean  rocks,  and  pours  forth  a 
volume  of  13,000  cubic  feet  per  minute,  even  under 
ordinary  circumstances,  and  this  is  sometimes  in- 
creased to  40,000  cubic  feet.  But  one  of  the 
most  striking  examples  of  these  subterranean  sheets 
of  water  of  a  varying  level  is  that  of  the  Lake 
Zu-knitz  in  Caniiola.  This  lake  is  about  6  miles  long, 
by  3  broad.  Towards  the  middle  of  summer,  if  the 
season  be  di-y,  its  surface  falls  rapidly,  and  in  a  few 
weeks  it  is  completely  dry.  The  openings  by  which 
the  waters  retire  beneath  the  soil  may  then  be  seen, 
in  some  places  quite  vertical,  in  others  slopiug 
towai-ds  the  caverns  of  the  surrounding  mountains. 
Immediately  after  the  retreat  of  the  waters,  all  the 
extent  of  the  surface  which  they  covered  is  put  under 
cultivation,  and  at  the  end  of  a  couple  of  months 
the  peasants  are  mowing  hay,  or  reaping  millet  and 
rye,  in  the  very  spot  where,  some  time  before,  they 
were  fisliing  for  tench  and  pike.  Towards  the  end  of 
autumn,  and  after  the  raius  of  that  season,  the  waters 
return  by  the  same  natm-al  chaimels  which  had  opened 
a  passage  for  them  at  the  time  of  their  departure. 
This  is  the  regidar  and  nsual  course ;  but  sometimes 
a  very  heavy  fall  of  rain  on  the  mountains  which 
surround  Zirknitz  occasions  the  return  of  the  waters 
to  the  siu'face  at  an  earlier  period  than  was  expected. 
But  it  is  not  in  hilly  and  mountainous  districts 
alone  that  these  abundant  supplies  of  subterranean 
waters  are  to  be  observed ;  for  even  in  flat  countries 
there  are  caverns  in  which  whole  rivers  are  engulfed. 
Thus  the  Guadiana  loses  itself  in  a  flat  country,  in 
the  midst  of  an  immense  meadow.  This  explains  the 
fact  that,  when  speakmg  with  admiration  of  some 
superb  bridge  in  England  or  France,  the  Spaniards 
remai-k  that  they  have  one  in  Estremadura  upon  wlueh 
100,000  head  of  cattle  can  feed  at  the  same  moment. 
Thus  the  Drome  in  Normandy  is  lost  in  the  midst  of 
a  meadow,  iu  a  pit  about  30  feet  in  diameter,  known 
as  the  Fosse  de  Souey.  In  the  same  district  of  Fi-ance 
other  rivers  are  lost  by  degrees.  There  are  from  one 
point  to  another  in  the  beds  of  these  rivers  great 
gaps,  called  leioirs,  each  of  which  absorbs  a  portion 
of  the  stream.  On  its  arrival  at  the  last  bftoir  the 
stream  is  usually  reduced  to  the  size  of  a  trifling 

There  is  often  in  these  stratified  formations  distiuc*' 
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sheets  of  water  at  different  depths.  For  example,  in 
the  works  which  have  been  uiulcrtakcu  in  search  of 
coal  near  St.  Nicholas  d'Alinni-iii,  ,,;;;■  ^)^.,'•,^,c, 
seven  great  sheets  of  water '«n  .      ;  -ii; 

the  first  of  which  was  at  the  1 1- ,  ^  'In' 

second  at  307  feet ;  thethii-da;  ::'.;  i. . ;  ;  i,.  i  mth 
at  645  feet;  the  fifth  at  70S  iVct ;  the  ^ixth  at  SSO 
feet  ;  and  the  seventh  at  the  depth  of  1,030  feet. 
Wells  which  have  heen  sunk  in  the  neighbourhood  of 
London  and  elsewhere  have  illustrated  the  same  fact. 
But,  iu  addition  to  these  stationary  sheets  of  water 
in  the  heart  of  stratified  rocks,  water-courses  have 
been  found,  true  subterranean  rivers,  fio\iTng  rapidly 
in  the  empty  spaces  which  exist  among  the  imperme- 
ahle  rocks.  For  example,  in  boring  near  the  ban-ier 
of  Fontainebleau,  at  Paris,  the  progress  had  for  some 
time  been  slow  and  tedious,  as  is  usually  the  case  in 
such  works;  but  suddenly  the  bormg  tool  escaped 
from  the  hands  of  the  workman,  who  saw  it  f<dl 
rapidly  \ipwards  of  20  feet,  and  the  transverse  handle 
at  the  top  of  the  fii'st  joint  of  the  borer  prevented  it 
from  falling  any  further.  When  the  men  endeavoured 
to  raise  the  insti-umeut,  it  appeared  as  if  a  strong 
current  was  carrying  it  on  one  side,  and  causing  it  to 
oscillate ;  but  the  rapid  ascent  of  the  waters  of  this 
deep  stream  prevented  fiu'ther  observation.  At  Port 
St.  Ouen  five  distinct  sheets  of  water  were  observed. 
On  penetrating  the  third  sheet,  the  borer  sank  sud- 
denly more  than  a  foot ;  and  the  current  must  have 
been  strong,  since  it  impressed  the  whole  of  the  in- 
strument with  a  very  sensible  oscillatory  movement. 
When  the  eud  of  the  borer,  fiUed  with  debris  of  the 
rocks,  came,  in  di-awiug  it  up,  to  the  spot  where  this 
third  sheet  of  water  was,  it  was  not  necessary  to  raise 
it  further,  for  the  current  washed  away  the  whole  of 
the  debris,  an  effect  which  could  not  have  heen  pro- 
duced had  the  water  been  stagnant. 

It  wiU  be  seen  then,  that  on  making  an  opening 
from  the  surface  down  to  these  subterranean  waters, 
the  water  in  many  cases  gushes  up  to  the  surface, 
and  forms  a  perpetual  fountam.  Now,  the  question 
is,  What  is  the  power  which  causes  these  subter- 
ranean watera  to  rise  to  tlie  sm-face  and  form  a  con- 
stant jel  cl'eau  ? 

If  water  be  poured  into  a  tube  of  the  shape  of  the 
letter  U,  Pig.  G.5,  it  assumes  a  level,  and  maintains 
itseK  in  the  two  branches  a,  b,  at  heights  which 
arc  exactly  equal.  Suppose  the  left  branch  of  tliis 
tube  to  open  towards  the  top  into  a  large  reservoir, 
fig.  65.  which   can  mamtain  itself  al- 

ways full ;  and  that  the  right 
branch  is  cut  across  towards 
its  lower  part,  so  that  only  a 
portion  of  its  vertical  part 
remains,  and  that  this  portion 
is  fitted  witli  a  stop-cock ;  when 
the  stop-cock  is  opened,  the 
water  wiU  be  projected  into 
the  air  to  the  same  height  to 
which  it  woidd  have  risen  had 
this  branch  remained  entire. 
In  otiicr  words,  it  will  ascend  as  far  as  it  has  de- 


scended from  the  level  of  the  reservoir  which  con- 
stantly supplies  the  opposite  branch.  In  practice, 
the  height  of  the  jet  will  be  somewhat  less  than  the 
level  of  the  reservoir-,  on  account  of  friction,  the 
resistance  of  the  air,  and  opposing  cuiTcnts  of  ascend- 
ing and  descending  particles ;  but  the  slight  deduc- 
tion which  must  on  these  aceormts  be  made  interferes 
in  no  way  with  the  principle  of  fluid  level  which 
we  are  now  considering. 

This  simple  experiment  is  realized  on  a  crand  scale 
in  the  conduit-pipes  which  scrvr  tu  .li-i  r-iiiir  i  !,■■  wafer 
of  elevated  sprmgs  or  rescrvni;       m  '  parts 

of  a  town,  or  in  the  snbtenaii>  .1  i  ,  ■  ..-i:aJto 
produce  jets  d'eau  in  gardens  aiiei  piiljlic  squares. 
When  the  Romans  wished  to  conduct  water  from  one 
hill  to  another,  they  constructed  in  the  intermediate 
valleys  unmcuse  aqueduct  bridges,  such  as  tlie  Pont 
du  Gard ;  and  they  did  so,  as  we  believe,  not  in  igno- 
rance of  the  hydrostatic  principle  of  fluid  levels,  but 
in  order  to  obtain  a  far  more  abundant  supply  than 
coidd  be  furnished  by  a  pipe  or  series  of  pipes.  The 
Turks  were  among  the  first  to  adopt  the  more  econo- 
mical plan,  of  can-ying  metal  pipes,  or  a  brick  or  stone 
tunnel,  along  the  intermediate  valley,  making  it  follow 
the  dilferent  inflections  it  might  encounter,  and  finally 
causing  it  to  ascend  the  slope  of  the  second  lull.  The 
water  flowing  down  this  pipe  rises,  after  crossing  the 
valley,  to  nearly  the  same  height  as  it  had  descended. 

Now  suppose  the  tube  to  be  carried  only  to  the 
middle  of  the  valley,  and  that  a  single  opeumg  on  its 
upper  side  is  made  for  its  escape,  the  water  will  in 
such  ease  bo  projected  perpendicularly  upwards,  and 
this  jet  will  rise  higher  in  proportion  as  the  descend- 
ing enn-ent  has  a  great  fall.  This  is  the  construction 
of  all  jets  d'eau.  The  form  of  tlie  pipe  in  which  the 
water  is  conducted  is  quite  a  matter  of  mdifi'erence. 
It  may  be  circular  or  eUiptieal,  square  or  polygonal, 
straight,  and  of  gi-eat  length,  or  having  many  windings 
and  ramifications  ;  and  yet  the  water  will  equally  rise 
to  the  height  nearly  of  the  level  of  the  resciwoir, 
whenever  it  has  free  course  to  obey  the  pressure  to 
which  it  is  subjected.  Pig.  06  is  a  section  of  the 
head  of  water  at  New  York  used  for  dis- 


tributing the  water  of  the  Croton  Aqueduct  o- 
city.  (Aqueduct.)  It  wiU  be  seen  that  this  reser- 
voir is  situated  above  the  level  of  the  houses,  and  the 
pipe  commencing  at  its  base,  being  conducted  into 
one  of  the  public  squares  of  the  city,  forms  a  beauti- 
ful jet  d'eau,  which  rises  nearly  to  the  level  of  the 
water  in  the  reseiwoir. 

Some  of  the  most  remarkable  ornamental  jets  d'ean 
are  constructed  on  tliis  principle.  That  at  Versailles 
rises  to  the  height  of  90  feet ;  the  old  fountain  at 
Chatsworth  rose  to  the  height  of  94  feet ;  that  of 
Peterhoff,  in  Russia,  120  feet ;  that  at  St.  Cloud  160 


7G 


ARTESIAN  WELLS. 


feet;  that  at  Willielrcsliohe,  in  Hesse  Cassel,  190 
feet,  but  this  fountain  is  now  out  of  order.  Tlie 
most  remarkable  fountain  in  the  world  is  probably 
the  Emperor  Fountain  at  Chatsworth,  so  named  by 
f.he  Duke  of  Devonshire  in  honour  of  the  visit  of  the 
Emperor  of  Russia  to  this  country,  a  few  years  ago. 
This  fountain  plays  to  the  height  of  2G7  feet ;  and  it 
is  expected,  when  the  reservoir  is  quite  full,  to  raise 
it  to  the  height  of  2S0  feet.  Eig.  64  (p.  73)  represents 
tliis  fountain  in  action.  Eor  the  purpose  of  supplying 
it,  a  new  reservoir  was  constructed,  and  a  conduit  or 
drain  cut  to  convey  water  into  it.  This  di'ain  com- 
mences at  Humberley  Brook,  near  one  of  the  bridges 
on  the  Chesterfield  road,  and  is  increased  by  tributary 
sprhigs  from  the  moors,  passing  along  with  a  gentle 
fall  to  the  reservoir,  for  two  miles  and  a  half,  and 
winding  round  a  hiU  in  serpentine  forms  to  the  proper 
level.  The  reservoir  covers  eight  acres  of  ground; 
its  average  depth  is  about  7  feet ;  its  greatest  depth 
at  the  head  is  13  feet,  where  there  is  a  solid  mass  of 
masonry  with  a  deep  valve,  to  let  the  water  off  and  on. 
There  is  also  a  waste-pipe  for  the  surplus  water.  The 
first  length  of  piping  from  the  reservoir  towards  the 
fountain  is  on  the  top  of  the  hill,  where  the  ground  is 
comparatively  level :  this  length  is  270  feet ;  the  pipe 
is  of  15-inoh  bore,  and  the  metal  three-quarters  of  an 
inch  thick.  The  middle  length  is  1,386  feet ;  15-inch 
bore,  and  1  inch  metal.  The  lower  length  is  959  feet ; 
15-inch  hore,  and  IJ  inch  metal:  making  altogether 
2,621  feet,  or  873  yards,  2  feet.  At  the  distance  of 
181  feet  from  the  fountain  is  a  double-acting  valve, 
which  takes  about  five  minutes  to  open  or  shut  fairly, 
so  that  the  whole  may  never  be  let  on  or  off  with  a 
shock  to  the  pipes.  For  a  short  distance  from  the 
fountain  the  pipe  is  1^  inch  thick  in  the  metal,  and  is 
secured  by  a  saddle-plate  and  bracket  cast  solid  to 
the  pipe,  and  is  firmly  bolted  to  a  mass  of  masom-y. 
The  end  of  this  large  pipe  turns  up  with  an  elbow, 
and  terminates  with  a  flange,  to  wliich  the  conical 
tapering  part  of  the  jet  is  faed.  This  conical  part  is 
about  7  feet  high,  and  terminates  in  a  brass  nozzle. 
Different  funnels  and  nozzles  are  used,  to  give  variety 
to  the  form  of  the  water  jet.  There  are  298  joints 
in  the  piping,  tui-ned  and  bored  with  dip  sockets  round 
each,  and  the  weight  of  the  metal  in  the  pipes  is  about 
217  tons.  The  whole  fall  of  pipe  from  the  rcservou- 
to  the  fountain  is  381  feet,  but  not  of  uniform  de- 
cUvity  ;  for  the  fii-st  450  feet  the  fall  is  1  in  40 ;  for 
the  next  200  feet  the  fall  is  very  steep,  it  being 
1  in  2;  for  the  next  800  feet  it  is  1  in  5;  and  for  the 
remainder  1  m  9. 

Bearing  in  mind  the  simple  but  important  principle 
upon  which  artificial  fountains  depend,  the  reader 
will  understand  the  mode  of  formation  in  natural 
fountains.  It  is  only  on  the  slopes  of  hUls  or  at 
their  summits  that  the  beds  of  the  stratified  series 
of  rooKS  crop  out  or  are  exposed  on  edge ;  here  it  is 
that  the  rain-water  penetrates  and  fills  the  elevated 
mountain  cisterns  or  hUly  reservoirs :  these  water- 
carrying  beds,  after  having  descended  along  the  sides 
of  the  Iiills,  which  formerly  broke  them  up  while  they 
elevated  them,  extend  horizontally  or  nearly  so  along 


the  plains,  and  in  the  plains  they  are  often  imprisoned 
as  it  were  between  two  impermeable  or  water-tight 
beds  of  clay  or  of  hard  rock;  and  thus  we  may 
readily  conceive  the  occurrence  of  subterranean 
waters  in  the  same  hydrostatic  condition  as  the  pipes 
of  the  fountains  just  noticed,  so  that  by  sinking  a 
pit  in  the  valleys  through  the  upper  strata  down  to 
the  more  elevated  of  the  two  impermeable  beds, 
between  which  the  water  is  confined,  we  thus  provide 
as  it  were  the  second  branch  of  pipe,  in  the  form  of 
the  U  ali-eady  noticed,  or  the  jet  of  the  fountain  at 
Chatsworth,  and  the  water  wiU  rise  in  this  pipe  or 
jet  to  a  height  corresponding  to  that  which  the 
water  maintains  on  the  side  of  the  hill  when  it  begins 
to  descend.  Hence,  in  any  horizontal  plane,  the 
different  subterranean  waters  at  different  elevations 
may  have  different  powers  of  ascending :  in  one  place 
the  same  water  may  be  projected  to  a  great  height, 
and  in  another  rise  no  higher  than  the  surface  of  the 
soil.  AH  the  variations  which  are  met  with,  arise 
simply  from  inequalities  of  level. 

But  some  of  these  natural  fountains,  such  as  those 
of  LUlers  in  Artois,  throw  up  their  waters  in  the 
midst  of  immense  plains,  where  no  hiU,  not  even 
a  hillock,  is  to  be  seen  in  any  direction.  In  such  a 
case,  the  hydrostatic  columns  are  to  be  sought  for 
some  mUes  off,  hundreds  if  necessary.  The  existence 
of  a  watery  snbteiTanean  communication  300  miles 
in  extent,  is  no  objection  when  300  miles  of  country 
have  the  same  geological  constitution.  Even  at  the 
bottom  of  the  ocean,  springs  of  fresh  water  project 
vertically  to  the  very  surface.  This  water  evidently 
proceeds  from  the  land  by  natural  channels,  which 
rise  higher  than  the  surface  of  the  sea.  On  one 
occasion  when  Buchanan  was  becahned  in  the  Indian 
ocean,  he  discovered  an  abundant  spring  of  fresh 
water,  at  the  distance  of  125  miles  from  Chittagong, 
and  100  imles  from  the  neighboirring  coast  of  tlie 
Sunderbimds. 

These  remarks  will  receive  further  illustration 
from  the  following  diagram.  Fig.  67.  Suppose  a  basin, 
composed  of  permeable  strata  EFG  alternating  with 
impermeable  strata  HI  KL,  to  have  the  margin  of  idl 
these  strata  continuous  in  all  directions  at  one  uni- 
formly horizontal  level  AB ;  the  water  which  falls  in 
rain  upon  the  extremities  of  the  strata  EFG,  would 
accumulate  witliin  tli<  :ii,  a'^l  i".!  :iil  i'm  4  iiii<  '-^Jic.'s 
with  water,  up  to  tlir  ■         \::  i         .    :  .ic 

passed  down  throuLli  ■  ,  ,  i!ie 

lower  strata,  at  any  1"ji:i'l  vi'Aila  ihr  eiiLuinlLix'iicc 
of  this  basin,  the  water  would  rise  withhi  it  to  the 


horizontal   line  AB,   which   represents   the    f;encral 
level  of  the  margin  of  the  basin.     A  disposition  s 
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regular  neA'cr  exists  iu  uature;  the  extremities  or 
outerops  of  cacli  stratum  are  usually  at  difTereut 
levels,  a,  c,  e,(j.  In  such  cases  the  line  a  h  represents 
the  water-level  within  the  stratum  G;  below  this 
line,  water  would  be  permanently  present  in  G;  it 
could  never  rise  above  it,  for  it  would  be  relieved  by 
springs  that  would  overflow  at  a.  The  Hue  c  d 
represents  the  level  above  which  the  water  could 
never  rise  in  the  stratum  F ;  and  the  line  ef  re- 
presents the  highest  water  level  witliin  th-e  stratum  E, 
the  discharge  of  all  rain  waters  that  percolated  the 
strata  EFG,  being  thus  effected  by  overflowing  at 
e,  c,  a.  If  common  wells  were  sunlc  from  the  surface 
ikl,  into  the  strata  GEE,  the  water  would  rise  within 
them  only  to  the  horizontal  lines  ab,  cd,  ef.  The 
upper  porous  stratimi  C,  also,  would  be  permanently 
loaded  with  -water  below  the  horizontal  line  ff  It,  and 
permanently  dry  above  it. 

The  following  section  is  intended  to  explain  the 
rise  of  water  Ln  artesian  wells  in  the  London  basin, 
from  permeable  strata  in  the  plastic  clay  formation  and 
subjacent  chalk.  The  water  in  all  these  strata,  as 
abcady  explained,  is  derived  from  the  rain  which  falls 
on  those  portions  of  their  surface  that  are  not  covered 
by  the  London  clay,  and  is  upheld  by  clay  beds  of 
the  gault  beneath  the  chalk  and  flre-stone.  Thus 
admitted  and  sustained,  it  accumulates  in  the  joints 


and  crevices  of  these  strata,  to  the  line  BA,  at  which 
it  overflows  by  springs,  in  valleys,  such  as  that 
represented  at  C.  Below  this  line  all  the  permeable 
strata  must  be  permanently  fiUcd  with  a  subterranean 
sheet  of  water,  except  where  faults  or  other  disturbing 
causes  afford  local  bDurees  of  relief.  TVlicre  sueli 
do  not  interfere,  t hi'  ii-  i/mi;;;!  l;>h  i'.A  ii  pirseuts 
the  level  to  wliie:;  ,    i  .  lo.tatic 

pressure  in   any   |.  i  i    .:       Lfinlon 

clay,  either  into  s:iiiij  l„.l,.l'  i  In- iil  ■  nr  (  I;i_\  furma- 
tiou,  or  iato  the  chalk;  such  as  those  represented  at 
DEFGHI.  If  the  perforation  be  made  at  G  or  li, 
where  the  surface  of  the  country  is  below  the  line 
BA,  the  water  will  rise  in  a  perpetually  flowing 
artesian  fountain,  as  it  docs  in  the  valley  of  the 
Thames  between  Brentford  and  Loudon. 

In  proportion  as  the  nxunber  of  Ai'tesian  wells  is 
increased,  the  height  to  which  the  water  ascends  in 
each  becomes  diminished,  and  the  general  application 
of  them  would  discharge  the  subterranean  water  so 
much  more  rapidly  than  it  arises  through  the  inter- 
stices of  the  ch:ilk,  ili.li  iiniiiiMu-,  (,f  this  kind  would 
soon  cease  to  om    '  tlie  water  within 

them  woidd  rise  ^m ,.  ,  ,,  i A  at  the  surface 

of  the  land.  At  iiixiuiun-l  iKeii;  are  many  wcUs 
wliich  continually  overflow  their  orifices,  which  are 
only  a  few  feet  above  the  level  of  the  Thames.     Iu 


the  London  wells,  the  water  rises  to  a  less  level  than 
in  those  at  Brentford,  and  it  is  by  no  means  certain 
that  an  adequate  supply  of  water  for  the  whole  of 
London  could  be  obtained  by  boring,  as  has  been 
proposed.  The  water  which  supplies  the  formtains 
of  Trafalgar  Square,  rises  only  to  witliin  about  16 
feet  of  the  surface,  and  it  is  pumped  up  by  a  steam 
engine,  into  reservoirs  at  the  back  of  the  National 
Gallery.  After  supplying  the  fountains,  the  water 
goes  to  supply  some  of  the  puhKc  ofiices  in  the 
ueighbourhood  of  the  Horse  Guards,  and  the  re- 
mainder is  returned  into  a  reservoir  connected  with 
the  steam  engine,  so  that  it  can  be  pumped  up  and 
used  a  second  time  if  necessary. 
The  mode  of  action  of  an  Artesian  well  will  be 


imdtrstood  liom  the  section,  Fig.  69,  representing 
a  double  fountain  at  St.Oucn,  which  brings  up  water 
fiomtwo^afd  1)1 .11  his '.tiala.it  dlfreunt  Icvch  below 
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stratum  A,  using  r„ih  to  a  The  w.itei  fiom  both 
strata  is  thus  brought  to  the  suj-face  by  one  bore 
hole,  of  sufficient  size  to  contain  a  double  pipe,  viz. 
a  smaller  pipe  included  vntliiu  the  larger  one,  v.i\\\ 
an  interval  between  them  for  the  passage  of  water ; 
thus,  the  smaller  pipe  b,  brings  up  tlie  water  of  the 
lower  stratum  B,  to  the  highest  level  of  the  fountam 
b";  whilst  the  larger  pipe  a,  brings  up  water  from 
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stratum  A  to  the  lower  level  a'.  Both  Ihcso  streams 
are  employed  to  supply  the  canal-basin  D  at  St.Oucn, 
above  the  level  ol'  the  Seine.  Should  the  lower 
stratum  B  eoiitain  pure  -water,  and  that  in  the  upper 
strata  A  C  be  tainted,  the  pure  water  might  by  this 
apparatus  bo  brouglit  to  the  surface  througli  the 
iinp\u-c,  -n-ithout  eonlact  or  contamination. 


^W^i   ' 

^ 

i! 
^LJ A 

whriv  ;'  ;!.-'■  I  ■;>;  n:rd,  as  is  generally  the 
'  the  li  i:  ■  >     :  liod  containing  impure 

it  is  r  ,  ,  .  !  :  ri-  until  it  arrives  at 
r  stratum   ( amnr:   |unr  water;  the  bottom 

pipe  being  plunged  into  this  pure  water,  it 
s  -n-itliin  it,  and  is  conducted  to  the  surface 
■h  whatever  impurities  may  e.xist  in  the  superior 


fragments,  of  course  delajiug  the  work  for  that- 
period.  In  April,  1840,  in  passiug  through  the 
chalk,  the  chisel  attached  to  the  boring-rod  fell  off, 
and  several  months  were  occupied  in  recovering  it. 
A  similar  accident  occurred  a  second  time,  but  instead 
of  attempting  to  recover  it,  it  was  driven  into  the 
■stratun-i,  wliich  happened  to  be  gravel.  When  the 
calculated  depth  of  1,500  feet  had  been  reached 
without  any  result,  the  Government  became  dis- 
hejirtened,  and  the  pubKe  patience  exliausted.  Ou 
the  urgent  representation  of  M.  Ai-ago,  the  sinkings 
were  continued,  until  at  length,  on  the  26th  of 
February,  1841,  the  rod  suddenly  descended  several 
yards.  They  had  pierced  the  vault  of  the  subter- 
ranean waters,  and  in  the  course  of  a  few  hours  thr 
water  rushed  up  violently  from  a  depth  of  1,800  feet. 
The  first  rush  brought  up  an  immense  volume  of 
water  mixed  with  sand  and  mud,  and  at  a  high  tem- 
perature. It  rose  many  feet  above  the  surface,  and 
the  force  was  so  great  that  considerable  injury  was 
done  to  the  boring  rods,  and  it  was  some  time  before 
the  shaft  could  be  sufficiently  cleared  for  the  fidl 
discharge  to  issue  without  interruption.  The  pipe 
by  which  the  water  reached  the  surface  was  earned 
to  a  height  nearly  on  a  level  -with  the  soui-ce  of  the 
supply.  Tlie  pipe  as  it  rose  from  the  ground,  and  the 
scaffolding  which  supported  it,  are  shown  in  Eig.  70, 
where  the  water  is  represented  flo-wing  into  a  circular 
iron    reservoir,   from   wliich    it   was    conveyed    bv 
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with  an  :ui.j.     ^  i.-nsions,  viz.  1  foot  in 

allvivial  soil  and  subsoil,  and  the  tertiary  sands, 
gi-avcls,  clays,  lignite,  &c.,  until  the  chalk  wa.s 
reached.  They  then  bored  tln-o\igli  the  hard  upper 
chalk  down  to  the  lower  cV-yY:  -ith  c---prii  grains;  the 
dimensions  of  the  au-n  !  ;        ;    i  :,00  feet  to 

9  inches  in  diameter ;  ■  : ,  i  ■  '  i  .  ;  inches;  and 
at  1,300  feet,  to  G  inclics  m  .ii.;,,.,!.,.  I,i  the  com-se 
of  these  borings,  numerous  aceiclcnts  occurred.  In 
May,  1837,  at  the  depth  of  418  yards,  the  hollow 
lube  with  nearly  90  yards  of  the  boring  rods  attached 
to  it  broke,  and  fell  to  the  bottom  of  the  hole,  and 
riftce.u  months  were  occupied  in  extracting  the  broken 


another  pipe  to  the  ground.  iSinue  the  tubes  iavo 
been  completed,  about  half  a  million  of  gallons  of 
perfectly  limpid  water  have  been  supplied  by  this 
well  in  the  course  of  the  twenty-four  hoiu's,  at  the 
constant  temperature  of  82°  Fnlir. 

The  temperature  of  the  water  of  Artesian  wells  is 
always  higlier  than  that  of  the  surface,  according  to 
Aj-ago.  ui  the  ratio  of  2°  for  every  GO  or  80  feet  of 
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descent ;  but  aecorcling  to  the  observations  of  Dr. 
Paterson  on  eleven  Artesian  wells  in  Seotlaud,  the 
mean  increase  is  1°  for  every  48  feet  of  descent; 
and  the  mean  of  seventeen  wells  in  other  places  gave 
1°  for  every  53  feet  of  descent.  In  one  observation 
the  temperature  of  the  well  water  was  52°,  while 
that  of  the  swfaco  of  a  sjiriiig  close  by  was  at  the 
freezing  point. 

Artesian  wells  have  been  sunk  to  various  depths 
The  greatest  depth  is  that  of  Grenelle  just  noticed. 
The  seventh  sheet  of  water  found  near  St.  Nicholas 
,l'Aliermont  already  alluded  to,  was  at  the  depth 
of  1,030  feet,  and  the  water  rose  from  it  to  the 
surface.  As  it  was  not  water  but  coal  that  was 
sought  for  the  works  were  abandoned,  but  a  copious 
fountain  was  unintentionally  formed,  the  waters  of 
which  issue  from  a  source  more  than  1,000  feet  deep. 
In  the  Duke  of  Northumberland's  grounds,  at  Syon, 
is  an  Ai'tesian  boring  535  feet  deep.  The  borings 
passed  fii-st  through  loose  gravel  and  sand,  and  strong 
blue  clay,  to  the  depth  of  '410  feet ;  then  through  10 
feet  of  green  sand ;  next  through  30  or  40  feet  of 
loose  chalk ;  and  lastly  into  firm,  hard  chalk.  This 
well  rises  5  feet  above  the  surface.' 

As  to  the  quantity  of  water  from  Artesian  wcUs, 
the  supply  appears  to  be  in  most  cases  coni  inuous 
and  abundant.  In  the  monastery  of  St.  Andre,  two 
imles  from  Aire,  in  Artois,  a  fountain  has  continued 
for  considerably  more  than  a  century  to  rise  to  the 
height  of  11  feet  above  gro\uid,  and  to  supply  nearly 
2  tons  of  water  per  minute.  At  Bages,  near 
Perpignau,  is  a  well  which  furnishes  333  gallons  per 
minute.  One  at  Tours  jets  6  feet  above  ground,  and 
yields  237  gallons  per  minute;^  and  at  Mevtou  in 
Surrey  is  a  well  which  supplies  200  gallons  per 
minute.  At  Southampton  there  is  an  Ai-tesiau  well 
wliich  ovei-flows  to  the  height  of  5  feet,  and  yields 
10  gallons  per  muiute.  At  the  depth  of  100  feet,  it 
supplies  to  the  pumps  4S  gallons  per  minute.  The 
water  is  fi-om  the  sandy  stratum  in  the  tertiary 
formations  that  overlie  the  chalk  which  forms  the 
foundation  of  the  geological  basm  in  wliich  South- 
ampton stands.  At  Brighton,  in  1842,  a  well  bored 
iu  the  chalk  to  the  depth  of  only  97  feet,  gave  by 
pmnping  with  steam,  700  gallons  of  water  per  minute. 
In  some  cases,  the  supply  of  water  has  been  so 
abundant  as  to  lead  to  inconvenience.  Thus,  a  case 
is  mentioned  in  the  Bibliotheipte  Universelle  de 
Geneve,  of  an  Artesian  boring  in  a  garden  to  the 
depth  of  360  feet,  and  4.5  inches  in  diameter,  in 
which  the  first  discharge  of  water  was  so  copious  as 
to  overflow  the  whole  yard  round  the  house,  and  to 
submerge  the  adjacent  cellars.  The  damage 
gi-eat  that  the  neighbours  lodged  a  complaint,  and 


the  police  interfered.  Two  or  three  men  attempted 
to  close  the  bore  with  a  wooden  and  aftcnvards  vrith 
ron  plug,  but  they  were  driven  back  by  the 
nee  of  the  water.  A  mason  then  planted  several 
tubes  of  small  diameter  over  the  bore,  and  thus 
succeeded  in  mastering  tlie  water. 

Ai-tesian  wells  have  not  only  been  employed  for 
providing  houses  with  water,  but  their  waters  have 
also  been  used  as  a  moving  power.  In  the  village 
of  Goni5hem  near  Bethuiie,  there  are  4  borings  to 
the  depth  of  120  feet :  the  waters  are  conveyed  into 
the  watercourse  of  a  flour  mill,  and  are  also  made  to 
subserve  other  agricultural  purposes.  The  little  town 
'  ^xiubaix  near  An-as,  was  in  danger  of  losing  its 
principal  means  of  support,  viz.  its  silk  spinning  and 
dye  works,  from  want  of  water.  Artesian  wells 
sunk,  one  of  which  yields  288  cubic  yards  of 
water  per  day,  or  double  the  power  of  a  steam  engine 
of  20  horse  power.  At  Tours,  an  Ai-tesian  well  poui-s 
237  gallons  of  water  per  minute  into  the  trougn  of 

water-wheel  21  feet  in   diameter,  which  is    the 

Dving  power  of  a  large  silk  manufactory.  In 
another  ease,  at  Pontes  near  Aii-e,  the  united  waters 
of  10  wells  are  made  to  tm-n  the  mUl-stones  of  a 

rge  mill,  to  blow  the  bellows   and  to   beat  the 

iinmers  of  a  nail  manufactory. 

The  constant  high  temperature  of  these  waters 
renders  them  especially  vahuiblc  (luviiig-nintcr,  cither 
as  a  moving  power  or  as  aim  ai;-  ^f  :!:  ■  ii; .  m;*!  wash- 
ing away  the  ice  which  impii'n  '  '..if  Avatcr- 
whcels  in  tune  of  frost.     In  \  '' '   water 

of  several  Artesian  wrlU  i-  '  i  iii!r,l  tln-ough 
metalpipes  arraiiuv*!  I!  1,1,  :  iirim-ics,  and  thus 

aconstanttempL'va;  I      -i  :,  i,i,iincdatascason 

when  the  external  1 -;;;;'  I  i  a  I  zero.  Green- 
houses have  been  liuaicd  iii  a  h.;iiiiiai'  manner,  and  the 
Artesian  waters  of  Grenelle  have  been  applied  as  a 
swu-ce  of  warmth  to  hospitals  and  other  pubKc 
buildings.  By  introducing  the  water  of  Ai-tesian 
wells  into  fish-ponds,  the  extreme  variations  of 
the  seasons  have  been  prevented.  Artificial  cress 
plots  have  also  been  formed  and  supplied  by  means 
of  these  wells  with  pui-c  water  of  a,  steady  tem- 
pcratm-e.  The  artificial  cress  plots  of  Erfurt  produce 
a  large  annual  revenue.  Paper  mills  have  also 
been  suppUed  with  the  pure  water  of  these  wells  at 
periods  when  heavy  rains  have  made  the  river  water 
muddy.  In  the  Department  du  Nord  the  fme  lino 
used  in  the  manufacture  of  cambric,  lawn,  lace,  &e., 
is  prepared  from  flax  retted  in  pools  which  arc  sup- 
plied by  Artesian  waters :  by  their  pmuty  and  in- 
variable temperature,  the  soluble  portions  of  the  flax 
are  more  quickly  removed  and  the  valuable  qualities 
of  the  filaments  retained  in  111^:11  p  rf 'ctimi 

Such  are  a  few  of  tl        1  I  tied 

appUcations  of  Artesian  \\  I  '^  iJ 

able  and  of  the  greatest  u  ^  in 

lowand  level  districts  wh  1  1      1 1  aned 

from  superficial  springs,  oi  by  wt-Ub  ol  oidm  n  depth 
Ai-tesian  boiuigs  called  Bloir  wells  have  long  been 
known  on  the  cast  coast  of  Lmcobshne  m  the  low- 
chalk    dibtuct   between  the    wolds   of  chalk,   near 
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Louth  aud  the  Wash.  These  disti-icts  were  without 
springs  until  it  was  discovered  that  by  boring  through 
the  clay  to  the  subjacent  chalk,  a  fountain  might  be 
obtained  which  woidd  flow  incessantly  to  the  height 
of  several  feet  above  the  surface.  It  has  even  been 
supposed  that  by  means  of  Artesian  borings,  water 
may  be  raised  to  the  surface  in  the  sandy  deserts  of 
Aft-ica  and  Asia ;  and  it  is  in  contemplation  to  con- 
struct a  series  of  these  wells  along  the  main  road 
which  crosses  the  Isthmus  of  Suez. 

But  if  Artesian  borings  have  been  in  the  majority 
of  cases  successful,  it  must  not  be  forgotten  that 
failures  do  sometimes  occur.  Thus  at  Blingel  in  the 
valley  of  Temoise,  three  borings  were  made  in  1S20; 
the  first  became  a  very  beautiful  projecting  fountain; 
the  other  two,  vei-y  near  to  the  fh-st,  gave  no  water. 
At  Bethune,  a  boring  after  having  pierced  70  feet  of 
alluvial  soil  and  30  feet  of  limestone,  brought  to  the 
sui'face  a  beautiful  limpid  jet  of  water.  In  the  gar- 
den of  the  contiguous  property,  a  similar  ooeration  of 
boring  produced  no  water  even  though  the  cSalt  had 
been  penetrated  more  than  100  feet. 

Such  cases  as  these  are  by  no  means  rare ;  and  M. 
A.rago  explains  these  failures  in  the  following  maimer  : 
— It  must  be  remembered  that  these  subterranean 
waters  do  not  form  sheets  of  great  extent,  and  even 
do  not  form  sheets  at  all,  except  at  the  surface  of 
separation  of  two  distinct  mineral  beds.  On  the 
contrary,  in  the  thickness  of  those  of  the  beds  which 
are  least  compact,  as  in  the  case  of  chalk,  the  water 
neither  exists  in  any  certain  defined  limits,  nor  cir- 
culates except  in  trenches  between  which  are  found 
masses  of  chalk  without  fissures  and  hence  imper- 
meable. If  the  bore  enters  one  of  these  trenches, 
water  wiU  gjish  up  more  or  less  according  to  the 
pressure  it  there  sustains ;  but  shoidd  the  boring  be 
carried  on  in  a  veiy  compact  portion  of  chalk,  the 
labour  will  be  lost.  If  however  the  bore  be  carried 
to  the  impermeable  bed  upon  which  this  mass  rests, 
then  there  would  be  found  not  only  streamlets  and 
liquid  trenches  but  a  plentiful  reservoir,  and  the 
success  of  the  operation  woidd  be  complete. 

Artesian  weUs  are  sometimes  curiously  affected  by 
the  tides.  In  the  Artesian  well  of  the  palace  of  the 
Bishop  of  London  at  Fulham,  which  is  bored  to  the 
depth  of  about  300  feet,  the  quantity  of  water  is  SO 
or  60  gallons  per  minute,  according  as  the  tide  is  high 
or  low.  M.  Arago  explains  the  effect  in  cases  of  this 
kind,  by  supposing  the  subterranean  river  which 
feeds  the  well,  also  partially  to  discharge  itself  into 
the  sea  or  into  a  tidal  river  by  an  opening  of  consider- 
able dimensions  compared  with  its  own  size.  If  this 
opening  be  diminished  the  pressure  wiU  immediately 
increase  at  all  points  of  the  natural  or  artificial  chan- 
nels occupied  by  the  subterranean  waters,  and  the 
flow  by  the  well  will  become  more  rapid,  or  what  is 
the  same  thing,  tlie  level  of  the  water  will  rise.  The 
flow  of  the  rising  tide  immediately  above  the  opening 
by  which  the  subterranean  waters  discharge  them- 
selves, will  increase  the  pressure  upon  the  opening, 
the  effect  of  which  wiU  be  similar  to  that  of  diminish- 
ing its  size,  so   that  a  less  quantity  of  water  will 


escape  into  the  tidal  river.  When,  on  the  coutraiy, 
the  tide  is  ebbing,  thr  pressui-e  -niH  be  diminished  and 
an  increased  quantity  of  water  will  flow  from  the 
subterranean  courses.  Hence  it  will  be  readily  seen 
that  the  flovring  and  ebbing  of  the  tide  nmst  produce 
a  corresponding  flowing  and  ebbing  of  the  water  of 
the  well. 

There  is  a  description  of  boring  or  sinking  which 
M.  Arago  terms  negative  Artesian  wells  or  drain-iaelh. 
These  are  pits  sunk  for  the  purpose  of  transmitting 
into  the  earth,  water  retained  at  the  sm-faee  by  strata 
of  impermeable  clay  or  stone,  thereby  rendering  ex- 
tensive districts  mere  morasses  unfit  for  cultivation. 
Th'is  the  Plain  of  Paluns  near  Marseilles  was  formerly 
a  great  morass  which  it  appeared  impossible  to  drain 
by  surface  channels.  King  Rene  sunk  numerous 
drain-wells  which  proved  efi'ectual,  and  the  waters 
thus  carried  off  are  said  to  have  foi-med  the  projecting 
foimtains  of  the  port  of  Mion  near  Cassis.  The  river 
Orbe  in  the  Jiira  which  descends  from  the  lake  of  the 
Ronsses,  conveys  into  lake  Joux  much  more  water 
than  is  removed  from  it  by  evaporation.  This  latter 
lake,  which  has  no  river  issuing  from  it,  nevertheless 
maintains  a  nearly  uniform  elevation.  "  It  is,"  says 
Saussure,  "  because  nature  has  provided  for  these 
waters  subterranean  issues  by  which  they  are  engulfed 
and  disappear.  As  it  is  of  the  gi'catest  consequence 
for  the  inhabitants  of  this  valley  to  preserve  these 
natural  drains,  without  which  their  arable  lands  and 
habitations  would  be  immediately  overflowed,  they 
preserve  them  with  the  greatest  possible  care ;  and 
when  they  perceive  that  they  do  not  take  off  tlie 
water  with  suiEcient  velocity,  they  themselves  open 
new  ones.  For  which  purpose  all  that  is  necessary  is 
to  sink  a  pit  15  or  20  feet  deep,  and  about  10  feet  in 
diameter  in  the  thin  and  vertical  strata,  the  summits 
of  which  appear  on  the  surface.  The  waters  absorbed 
by  these  enioniwirs,  or  funnels,  as  they  are  called,  are 
observed  to  rise  from  the  earth  and  form  a  large  spring, 
called  Orbe,  at  the  distance  of  two  miles  below  the 
southern  extremity  of  the  lake."  In  this  passage  of 
two  miles  the  absorbed  waters  descend  6S0  feet. 

In  the  winter  of  1S32-3  a  manufacturer  of  potato- 
starch  at  VMetancuse,  a  small  village  about  three  nules 
from  St.  Denis,  sunk  a  pit  to  the  depth  of  the  ab- 
sorbing stratifled  beds,  and  thus  got  rid  of  no  less  I  han 
16,000  gallons  of  impure  water  per  day,  the  stench  ot 
which  had  given  rise  to  serious  complaints  which 
would  probably  have  compelled  him  to  break  up  his 
establishment.  After  six  months  of  daily  absorpfion, 
nothing  but  sand  was  found  at  the  bottom  of  the  pit, 
so  completely  had  the  nuisance  been  removed  by  this 
means.  It  is  to  be  feared,  however,  that  the  wafer  of 
neighbouring  wells  might  be  injured. 

The  mechanical  details  connected  with  the  forma- 
tion of  Artesian  Wells,  wiU  be  found  under  Boring. 
Numerous  sources  of  information  have  been  referred 
to  in  the  preparation  of  this  article,  but  the  editor 
wishes  specially  to  acknowledge  M.  Arago's  notice  in 
the  Annuaire  for  the  year  1835,  and  Dr.  Bucklaud's 
Bridgewaier  Treatise.  The  method  of  sinking  common 
wcUs  win  be  found  under  the  artirle  TV'ells. 
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ASBESTUS.  AMIANTHUS.  A  mineral  substance 
iu  which  long  capillary  crystals  are  arranged  iu  a 
fibrous  mass.  Several  varieties  of  hornblende  are 
of  this  kind,  the  most  beautiful  being  the  flax-Uke 
variety,  called  Amianthus,  or  mountain-flax.  The 
term  Asbestus  signifies  indestructible,  while  Ami- 
anthus means  tmstained,  in  allusion  to  the  fact  that 
tliis  mineral  is  neither  destroyed  nor  sullied  by  passing 
through  fire.  Veins  of  Asbestus  occur  in  serpentine 
iu  Cornwall,  and  in  micaceous  slate  at  Glcnelg  in 
Inverness.  In  Upper  Saxony,  Silesia  and  Switzer- 
land, Asbestus  is  found  in  veins  of  serpentine ; 
in  BoTiemia,  in  metalliferous  beds,  accompanying 
magnetic  iron-stone ;  in  Dauphiny,  in  gneiss  and  mica 

The  long  and  siUcy  fibres  of  Amianthus  have  been 
woven  into  a  fii'e-proof  cloth,  which  in  the  mass  is 
capable  of  resisting  flame,  though  a  single  fibre 
would  soon  be  reduced  to  a  wliite  enamel.  The 
ancients  were  acquainted  with  the  art  of  making  this 
L'ldestructible  cloth,  and  used  it  to  wrap  the  bodies  of 
the  illustrious  dead  on  the  funeral  pile,  that  their 
ashes  might  not  mix  with  the  ashes  of  the  wood. 
In  the  year  1702,  an  asbestus  shroud,  containing 
ashes  and  burnt  bones,  was  discovered  iu  the  Vatican 
at  Rome.  The  scarcity  and  high  price  of  this 
material  caused  its  use  to  be  coufined  to  the  richest 
families.  It  is  said  that  Charlemagne  had  a  table- 
cloth of  amianthus,  wliich  he  would  sometimes  throw 
into  the  fire,  after  dinner,  to  the  great  astonishment 
of  his  guests.  PlLny  says,  that  napkins  made  of 
this  substance  were  better  cleansed  by  throwing 
them  into  the  fire  than  by  washing.  By  the  help  of 
gloves  made  of  asbestus,  or  amianthus,  red-hot  iron 
may  be  safely  handled,  or  the  hand  may  be  placed  in 
the  midst  of  flames  with  impunity.  Advantage  haa 
been  taken  of  this  circumstance,  not  oidy  to  perform 
various  clever  tricks,  but  for  the  more  important 
purpose  of  saving  human  life.  The  art  of  making 
fire-proof  cloth  was  revived  by  the  Chevalier  Aldini  of 
Milan,  and  by  him  appUed  to  protective  uses, 
was  he  who  arranged  and  contrived  the  fire-proof 
dress,  which  enabled  its  wearer  to  walk  amidst  the 
flames  unhurt.  Clothing  several  firemen  with  these 
dresses,  he  caused  them  to  go  through  various  experi- 
ments to  prove  the  eflicacy  of  the  apparatus,  and  to 
mspire  them  with  confidence.  They  carried  bars  of 
red-hot  iron,  walked  over  iron-gratings  through  which 
the  flame  of  fagots  ascended,  or  plunged  their  heads 
into  a  fire  of  shavings,  kept  burning  iu  a  large  raised 
chafing-dish.  The  firemen's  dress,  as  invented  by 
Aldini,  consisted  of  cap,  gloves,  and  stockings  of 
asbestus  cloth,  while  the  body  was  covered  with 
strong  cloth  steeped  in  a  solution  of  ahmr.  Outside 
this  was  a  metallic  dress  of  iron-wire  gauze,  with 
casque  or  cap,  and  a  mask  for  the  face.  The  asbesti 
cap,  likewise,  covered  the  face  down  to  the  neck, 
liaving  suitable  perforations  for  the  eyes,  nose 

ITie  art  of  weaving  amiantfime  cloth  was  anciently 
accomplished  by  weaving  fibres  of  flax  with  those  of 
amianthus,  imd  then  passing  the  cloth  through 


fm-nace,  by  which  means  the  flax  was  destroyed, 
while  the  fire-proof  material  remained;  but  Aldiiii 
contrived  to  weave  a  much  stronger  cloth  without 
the  aid  of  any  foreign  substauce.  The  fibres  are  pre- 
vented from  breaking  by  the  action  of  steam,  the 
cloth  is  made  loose  in  fabric,  and  the  thrcad.s  are 
about  the  fiftieth  of  an  inch  in  diameter. 

ASHLAR.  A  term  apiiUed  by  buUdcrs  to  the  com- 
mon or  free-stones  of  various  sizes  as  they  come  from 
the  quari-y.  This  term  is  also  appUcd  to  the  facing  of 
thui  squared  stones  on  the  brick  and  rubble  walls  of 
buildings.  l^Tien  the  work  is  smoothed  or  rubbed  so 
as  to  take  out  the  marks  of  the  tools  by  which  the 
stones  were  cut,  it  is  called  plane  ashlar ;  most  of 
the  public  buUdiugs  of  London,  in  which  stone  is 
used,  are  treated  in  tliis  way.  When  the  surface  is 
wrought  in  a  rcgidar  manner,  like  parallel  flutes 
placed  perpendicularly,  it  is  caUcd  tooled  ashlar,  and  is 
chiefly  used  in  the  basements  of  buildings,  but  when 
the  svu-faecs  of  the  stones  arc  cut  with  a  broad  tool 
without  much  regularity,  the  work  is  said  to  be 
random  tooled ,  when  wrought  with  a  narrow  tool,  it 
is  said  to  be  chiselled  oi  boasted ,  if  the  tools  be  \civ 
narrow,  the  ashhi  is  said  to  bo  poi  f  d  when  the 
stones  project  from  the  jon  I     II        H  H    be 

rusticated ,  in  this  kind  tl      I  i 

smooth  or  a  broken  suit  Mi 

Nicholson,'  neither  pomtc  1  in 

tooled  ashlar  are  employed  I  i^ 

parts  of  the  country  heiri   /  / 

hone  ramdom  tooled  ashlar  i  I  111 

ding  the  ishlai  facmg  m  m  il  I  / 

ASHLAEING,  m  carpenti>,  is  the  h\iu.,  a  shnit 
upright  quarteimgs  between  the  lafteis  md  tlic  flu  r 
in  garrets,  m  order  to  make  moie  cominicut  looins 
by  cutting  off  the  acute  auf^les  at  the  bottom  llie 
triangular  spaces  on  the  sides  aie  eithei  left  uu 
occupied  oi  foimed  into  eupboaids  or  closets  Most 
of  the  gariets  m  London  aie  budt  m  this  way 

ASPHALTUM  or  native  bitumen  pit  co  J  li.,iu  e 
or  brown  coal,  peti oleum  oi  lock  oil  m]lithi  lul  i 
few  other  substances,  aie  now  legardcd  is  pinl  tis 
of   the   decomposition    of    oi     i  I        |    r    lly 

vegetable  matter,  beneath  tl  t  I    in 

situations  whcie  water  i^  )  I    uc 

air  is  abnost  entuely  exclu  III  1    it 

the  bottom  of  seas,  lakc=  oi  in  i  i  I  ■>  il  r  1 1  nth 
covered  up  by  accumulations  ot  clay  and  sand  tl  e 
organic  substances  undergo  a  kind  ot  fei  menial  ion, 
by  which  the  above-named  bodies  aie  slowly  pioduccd. 
[See  Coal.]— The  true  bitumens,  of  which  there 
are  a  large  number,  seem  to  have  been  produced  from 
coal  or  lignite  by  the  action  of  subterranean  heat. 
Asphaltum  is  also  called  mineral  pitch,  Jew's  pitch, 
compact  bitumen  and  maltha.  It  is  found  in  consider- 
able quantities  on  the  shores  of  the  Dead  Sea,  or 
lacus  Asphaltites,  where  it  is  called  by  the  Arabs 
Bajar  Mousa  or  Hoses'  stone.  There  is  a  thick  bed 
of  asphaltum  at  Arlona  in  Albania.  It  also  oocui'S 
at  Coxitambo  near  Cucnca  in  South  America.     It 
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abounds  also  iu  tlic  "West  India  islands  of  Barbadoes 
aud  Trinidad,  in  the  latter  island  it  forms  a  lal 
rather  plain,  known  by  the  nanie  of  the  Tar  Lake,  called 
liy  the  French  Le  Brai,  from  its  resemblance  to 
answering  the  purpose  of  ship  pitch.  It  lies  in 
leeward  side  of  the  island,  on  a  poiat  of  land  which 
extends  uito  the  sea  about  two  nules.  This  cape 
headland  is  about  50  feet  above  the  level  of  the  si 
Trom  the  sea  it  appears  a  mass  of  black  vitrified 
rocks,  but  on  closer  examination  is  found  to  consist 
of  bituminous  scorite,  vitrified  sand,  and  earth 
cemented  together.  In  some  parts,  beds  of  cinders 
only  are  found.  In  approaching  it  there  is  a  strong 
siJphui-ous  smell,  which  is  prevalent  in  many  parts  of 
the  ground  8  or  10  miles  from  it.  The  bitumi 
[ilaiu  is  separated  from  the  sea  by  a  margin  of  wood 
that  sm-rounds  it.  Prom  its  colour  aud  even  surface, 
it  appears  Kke  a  lake  of  water,  aud  iu  hot  and  di-y 
weather,  its  surface  to  the  depth  of  an  inch  is  liquid, 
and  so  cohesive  that  no  one  can  walk  upon  it.  It  is 
circular  in  form  and  about  3  nules  in  circumference. 
On  first  approaching  it,  it  has  the  appearance  of  a 
|)lane  as  smooth  as  glass,  but  a  nearer  inspection 
shows  it  to  be  broken  up  by  niunerous  cracks  and 
fissures,  resembling  the  markings  on  the  back  of 
turtle,  which  being  sometimes  filled  with  water,  make 
the  whole  siu'face  appear  level.  The  bitumen  re 
blcs  pit  coal  in  consistence  and  appearance,  only  its 
colour-  is  rather  more  gi-ey.  It  breaks  into  small 
fragracuts  of  a  cellular  appearance,  and  glossy,  with  ; 
number  of  minute  shining  particles  interspersed 
through  its  substance ;  it  is  very  friable,  and  when 
liquid  is  of  a  jet  black  colour'.  Some  parts  of  the 
surface  are  covered  with  a  thin  brittle  scoria  a  little 
elevated.  Jlr.  Anderson,  who  describes  this  lake, 
could  form  no  idea  as  to  its  deptli,  for  in  no  part 
could  he  find  a  substratum  of  any  other  substance, 
and  althougli  the  smell  of  sulphur  was  strong,  no 
apoearancc  of  that  substance  was  to  be  detected. 
The  general  odour-,  however,  was  that  of  pitch.  Ko 
impression  could  be  made  on  the  surface  without  an 
axe ;  at  the  depth  of  a  foot  it  was  a  little  softer,  with 
au  oily  appearance,  iu  small  cells.  A  small  portion 
held  iu  a  flame  hisses  and  cracks  like  nitre,  emitting 
minute  sparks  with  a  vivid  flame.  A  piece  put  into 
the  fli-e  boils  up  a  long  time  without  suffering  much 
dmiinution;  a  thin  scoria  then  forms  over  the  sui-face, 
under  which  tlie  rest  remains  liquid.  The  absorption 
of  heat  by  the  black  mass  of  the  lake  is  so  great, 
that  the  rain-water  is  evaporated  fi-om  it  very  quickly. 
Tlic  bitumeu  is  much  used  for  ships'  bottoms,  and  is 
said  to  kill  the  Borer  or  Teredo,  which  is  so  destruc- 
tive to  ships  in  that  part  of  the  worid. 

In  many  parts  of  the  woods  this  substance  is 
found  in  a  liquid  state  :  it  smells  stronger  of  tar  than 
when  indurated,  aud  adheres  strongly  to  anything 
that  it  touches.  This  liquid  substance  is  petroleum 
or  naphtha,  holding  asphaltum  in  solution.  It  is 
found  m  various  parts  of  Europe,  but  most  abundantly 
in  the  Birman  Empire.     "  The  town  of  Eaiuanghong 
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is  the  centre  of  a  small  district,  in  which  there  are 
some  himdred  petroleum  wells  in  full  activity.  The 
district  in  which  they  are  situated  consists  of  a 
sandy  loam,  resting  upon  alternate  strata  of  sandstone 
and  indurated  clay:  under  these  is  a  layer  of  pale 
blue  argillaceous  schistus,  impregnated  with  petroleum 
of  considerable  thickness,  and  resting  upon  coal. 
The  petroleum  flows  into  the  well  when  it  is  sunk  a 
few  feet  into  the  schistus,  and  when  it  beguis  to 
fail,  the  well  is  deepened.  It  is  remarkable  that  no 
water  ever  penetrates  into  these  wells.  The  annual 
quantity  of  petroleum  produced  by  the  district, 
exceeds  400,000  hhds.  The  xiscs  of  petroleum  where 
it  abounds  are  very  important :  it  serves  the  lower 
classes  instead  of  oil  for  lamps,  aud  when  mixed  with 
earth  or  ashes  it  answers  the  purpose  of  fuel.  A 
composition  of  peti-oleum  and  resin  is  an  excellent 
material  for  covering  wood-work,  and  paying  the 
bottoms  of  ships  aud  boats,  as  it  protects  the  tunbcr 
from  the  attacks  of  insects  and  worms.  "When 
rectified  by  distiUation  it  affords  naphtha.^ 

Asphaltum  varies  considerably  in  purity,  according 
to  the  quantity  of  different  earthy  substances  mingled 
with  it.  When  nearly  pure  its  colour  is  almost  black 
or  dark  brown,  and  it  does  not  soil  the  fingers.  When 
rubbed,  it  gives  off  a  pitchy  odour.  Its  specific  gi-a- 
vity  varies  with  its  purity,  from  about  1  to  1.10. 
It  is  insoluble  in  water;  but  alcohol  takes  from 
it  about  5  per  cent,  of  a  yellow  resin,  and  ether 
dissolves  it  to  the  extent  of  about  70  per  cent. 
Asphaltum  is  very  inflaunnable ;  it  bums  with  a  red 
smoky  flame,  and  consists  principally  of  a  substance 
which  ]\I.  Boussingault  names  asphalteae,  composed 
of  C20  H16  03. 

A  few  years  ago,  as  M.  Dumas  remarks,  asphaltum 
produced  an  industrial  fever,  uuparaUckd  in  the 
annals  of  the  useful  arts.  Its  valuable  properties 
were  strongly  exaggerated,  and  it  was  applied  to 
uses  for  which  it  was  evidently  unfitted.  Repeated 
faUru'cs  led  to  a  reaction,  aud  asphaltum  soon  fell 
into  a  neglect  as  unmerited  as  the  previous  high 
degree  of  favour  -with  which  it  was  regarded. 

During  this  period  of  excitement,  several  companies 
were  formed  in  England,  for  the  purpose  of  making 
asphaltum  roads  and  pavements,  for  paving  ten-aces, 
railway  platforms,  kitchens  and  stables,  for  roofing, 
and  for  protectmg  buildings  from  damp.  In  1837, 
Mr.  Claridge  obtained  a  patent  for  the  peculiar 
application  to  these  purposes  of  tlic  asphaltum  from. 

Seyssel  on  the  Elioi.r.  in  il,r  ^ i,iH-iit  dc  I'Aiii, 

and  also  published  a  )■  i    i  '  i.  i  '    !  ■■  Instructions 

for  the  use  of  the  Sr        '    \  Mastic,"  from 

which  the  foUo wing  par:]  ::!:i!    a;.'  i!-  livrd. 

The  principal  ingredient  in  this  mastic  is  a  dai-k 
brown  bituminous  Hmestone,  found  near  the  Jura 
Mountains.  The  stone  is  reduced  to  powder  aud 
mixed  ^"ith  a  portion  of  mineral  tar  when  intended 
to  be  applied  as  a  cement,  as  in  covering  roofs,  lining 
tanks,  &c. ;  but  when  intended  to  be  used  for  flooring 
and  for  pavements,  sea  gi-it  is  used  in  addition.     The 


iiigrcdieuts  arc  exposed  for  some  horns  to  a  stiong 
heat  in  largo  caldi-ous,  ami  kept  constantly  stuinl 
by  machinery.  The  mastio  thus  foimed,  is  ran  mto 
moidcls  about  IS  inches  square  by  6  mches  deep,  and 
formed  into  blocks,  weighiug  from  1121bs  to  1301bs 
each.  In  this  state  it  is  sold  for  use,  but  it  lequiies 
to  be  re-inelted  on  the  spot  where  it  is  to  bo  apphtd, 
for  which  pui-pose,  small  portable  turnices  and  c  d- 
ili-oiis,  Fig.  71,  are  provided,   lib. of  -lU"  ^ll  a  ib  fii  t 

1        f 


put  mto  Lht-  c  '  \  1,  m  1  «li  u  tl  i,  is  ludled,  5()lbs 
of  the  nias'io  die  added,  the  whole  bemg  stiried 
repeatedly  with  a  euived  loop  of  uon  attached  to  a 
handle,  Fig  72,  so  as  to  detach  iny  poitioub 
of  the  inastie  tiora  the  sides  and  bottom  of 
the  vessel  and  prevent  bui'iiing.  When  the 
contents  are  properly  melted,  the  caldron 
is  covered  up  for  a  quarter  of  an  hour, 
after  which  another  561bs.  of  mastic  are 
stu-red  in.  The  caldron  is  again  covered 
for  a  short  time,  and  additional  quantities 
of  tar  and  mastic  are  added  in  the  pro- 
portion of  lib.  of  the  former  to  Icwt.  of 
the  latter,  until  the  caldron  is  fuU.  When 
the  whole  is  completely  melted  and  fit  for 
use,  jets  of  light  smoke  wiU  proceed  from 
the  mixtm-c,  and  the  mastic  wiU.  drop  freely 
from  the  stirrer.  The  only  kind  of  tar  to 
be  used  in  this  mixtui-e,  is  that  with  which 
the  Umestone  is  impregnated.  If  the  mastic 
i  requii-ed  to  be  very  stiff,  as  for  paving 
kitchen  floors,  a  smaller  proportion  of  tar  is 
to  be  used.  In  such  cases,  also,  a  larger 
proportion  of  grit  is  mised  with  the  mastic, 
L  and  when  it  is  desired  to  convert  fine  as- 
I  phalte  into  coarse,  30  lbs.  of  fine  clean  grit 
3  to  be  added  to  112  lbs.  of  mastic,  with 
■f '*•  '2-  from  lib.  to  2ilbs.  of  tar. 
When  the  meltuig  is  complete,  the  mastic  is  con- 
veyed quickly  to  the  spot  where  it  is  intended  to  be 
used,  either  in  iron  ladles  or  heated  u-on  buckets. 
The   caldcon  ought  to  be  as  close  to  the  work  as 


possible,  and  in  co^eiing  buck  u,il 
it  may  be  hoisted  to  the  tcp  of  tl 
caic,  ho«e\ei,  to  piotect  the  fimi 
ho  it  of  the  inrnace  by  a  layei  ot 
In  lonniTio  font  o,   ciiincje  lo 


ichrd  loofs 
.ll.lg.tdvUlg 


giavd,  LiidlpufluJioKj  stouamiLm]    udu    The 
quantity  of  watei  should  be  only  just  sulhrnut  io 
mnistrn  the  nn^s,  which  must  be  mimedi  itcly  ]t\  tlkd 
1  1     111     The  hollows  must  then  be  filled 

iicietc,  B,  and  the  whole  be  allowed 
.,  the  asphaltum     Uidess  this  pie 
I  1  1   1  to,  the  heat  will  comeit  tlie 

iisluK    rl   tlu    concicte  into  vapoui,  and  fill  the 
ihiltum   with   an   holes      This   may   to   a  gre"t 
(ent  be  pie\ented  by  siftmg  Une  ciiidci  dust  o\ei 
i  couciete,  and  m  lamy  weathei  it  the  woiL  camiot 
be  piotccted  by  a  taipauhn,  sheets  of  tiiied  biown 
piper  niiy  be  spiead  ovei   the   conciete  rind   the 
asphiltmn  be  poured  o\ei  these     The  thickness  of 
the  layer  of  asphaltum,  A,  is  regulated  by  shps  of  wood, 
to  divide  the  pavement  into  compart- 
ments not  exceeding  30  niches  wide,  when  only  one 
workmen  or  spreader  is  cmplnyed,  Ijut  (louljl'.'  that 
,'heu  two  spreaders  arc  n  _   ji  !.      li      A'Tkis 
levelled  by  a  curved  woodm     ,  ;  I   l\v  a 


floatii 


;  ride  or  long 


the  layer  of  asphaltum,  ovlt  v.  kiili  i:  i.  luuvcd 
backwards  and  forwards,  the  wooden  gauges  sup- 
porting its  ends.  If  the  siu-face  is  intended  to  be 
smooth,  a  mixtm-e  of  equal  parts  of  silver-sand  and 
slate  dust,  or  of  3  parts  silvcr-saud  to  1  of  dead 
plaster  of  Pai-is  or  powdered  chalk,  is  sifted  over 
the  asphalte  before  it  is  perfectly  set,  and  nibbed  hi 
with  a  flat  heavy  tool  of  wood.  If  the  pavement  is 
required  to  be  rough,  clean  sharp  grit  is  sifted  thinly 
over  it  and  beaten  into  the  mastic  with  a  heavy 
wooden  block.  When  one  portion  of  the  pavement 
is  complete,  it  is  desirable  to  proceed  to  lay  the  next 
but  one,  leavmg  the  intermediate  space  to  be  fUled  in 
afterwards  when  the  first  layer  is  qiutc  cold  and  firm, 
so  as  to  prevent  its  being  injured.  In  laying  thete 
pavements  the  parts  most  exposed  to  wear  are  some- 
what mcreased  in  thickness.  In  layhig  them  upon 
suspension  bridges  or  other  flexible  surfaces,  the  con- 
crete is  spread  on  a  planked  flooring,  the  joints  of 
which  are  covered  with  battens  nailed  at  one  edge 
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Ill  rc^siry  play:  a  sheet  of  thin 
en  I  I  \  ii\er  the  concrete  and 

^  the  mastic  is  spread. 
1  •  '  iiids  irith  the  mastic, 

Mu\  (1    I  111   jitii   111  ,   imitations  of  mosaic 

work  iij.ij  be  iuiiiicd. 

In  the  application  of  asphaltuin  M'ith  a  view  to 
exclude  damp,  as  in  tiie  floors  of  cellars  and  base- 
ments, a  brick  invert  laid  in  asphalte  as  a  cement 
should  be  used,  as  at  d.  Fig.  71.  Asphalted  bricks 
and  tUes  for  such  purposes  are  prepared  by  heating 
them,  and  placing  them  in  lo-ns  upon  a  flat  surface 
between  gauges  ribiiu  i  ■  illn  *<  .lit  to  allow 
a  layer  of  the  mastu    i  h  thick  to 

be  spread  over  them     I  i  i      l^  tpiite  set, 

the  bricks  aresepai.ili  I  li  i  i  1  i  i  bypassing 
.1  knife  between  them.  In  Tig.  71,  the  arrangement 
is  shown  for  excluding  water  fiom  a  cellar,     x  is  a 


he  old  work  being  cut 
icadily  adhere  to  them 


remelted,  and  the  ( 
square,  tin  li  i  i 
if  free  ti  un 

ASSA\1  ^li  1  chemical  analysis,  the 

object  of  «liii  1,1  II  Mime  the  quantity  of  gold 
or  silver  in  any  nurture  ■^Mth  the  baser  metals.  It 
thus  differs  from  chemical  analysis,  which  takes  ac- 
count of  all  the  ingredients  of  the  body  under 
examination.  As  gold  and  sUver  have  for  many  ages 
afforded  the  most  obvious  standard  of  value  ii; 
civilized  countries,  and  considering  what  vast  quan- 
tities of  coin,  plate,  trinkets,  and  plate  oruameuts 
are  being  constantly  produced,  it  was  of  great 
importance  to  persons  who  deal  in  such  articles, 
to  be  able  to  decide  quickly,  and  with  certainty,  on 
the  exact  portion  of  alloy  which  each  piece  might 
contain,  and  its  evact  weight  to  the  minutest  sub- 
di\ision  of  weights.  At  an  early  period,  in  this 
country  the  trade  of  the  goldsmith  not  only  com- 
prised as  now  the  dealers  in  or  makers  of  gold  and 
silver  articles,  but  also  that  trade  whieh  has,  since 
the  separation  of  the  two  ancient  branches,  received 
the  name  of  Bankers.  No  tax  was  then,  as  now, 
levied  on  manufactured  plate,  but  all  articles  mado 
of  gold  and  silver  were  to  be  of  the  same  dcgiee  of 
piuity  as  the  coin  of  the  realm.  "  Wliatcver  was 
manufactured  in  London  or  in  some  of  the  larger 
places,  was  ordered  to  be  assayed  and  stamped  by 
the  warders  of  the  craft  in  such  town ;  but  whatever 
was  made  in  ])laccs  '  where  no  touch  was  ordained,' 
wq<;  in  br  st  iiniinl  bv  tin  in-iliT  -niil  if  found  beneatli 

III  I   I  1  itc  would  be 


spe*i._2  cf  the  wall,  b  the  watermark  on  the  outside, 
c  an  asphalted  brick  lining,  d  a  similar  lining  for 
the  invert,  e  and  6  a  bed  of  concrete,  and  r  the 
asphalte  floor  of  the  cellar.  In  some  cases,  alternate 
layers  of  concrete  and  asphalte  may  be  adopted 
instead  of  a  brick  invert.  Directions  are  also  given 
in  the  pamphlet  for  making  skirtings  of  asphaltum, 
for  lining  cisterns,  and  for  covering  roofs,  &c.,  but 
enough  has  been  stated  to  show  the  general  method 
of  applying  this  material.  The  thickness  of  asphaltum 
used  for  pavements,  varies  from  half  an  inch  to  an  inch 
and  a  quarter,  the  former  being  sufficient  for  common 
floors  and  court-yards,  and  the  latter  for  carriage 
pavements.  A  thickness  of  from  half  an  inch  to 
five-eighths  is  sufficient  for  roofs  and  the  coverings 
of  arches  for  preventing  the  passage  of  water,  aiid 
for  the  lining  of  tanks  and  ponds;  and  about  a 
quarter  of  an  inch  is  sufficient  for  the  ground  line  of 
brickwork  to  prevent  damp  from  rismg. 

An  asphaltum  sm-face  admits  of  easy  repair.  By 
placmg  some  hot  mastic  upon  the  place  requiring  it, 
the  part  may  be  cut  away  without  injuring  the 
adjacent  work-    The  mastic  thus  removed  may  be 


vessels  bemg  worth  no  more  than  theii'  ai  eight,  would 
be  on  every  pressing  emergency  readily  con\crfcd 
into  coin.  The  workmanship  of  plate  would  in  that 
I  age  cost  but  little,  as  luxury  had  not  reached  the 
point  in  that  kind  of  art,  which  it  soon  afterwards 
attained  in  the  hands  of  Benvenuto  Cellini  at 
Florence,  and  of  his  successors  in  the  otliur  parts 
of  Europe.  The  taste  dis]>l  im  'it  i  n  -  ai'd 
decorations   of  gold   and   sihu  mi\ 

coarse,  both  in  France  and  in  1  1 1         i       '  i  i 

his  General  History,  says,  lliut  iIil  \uiik  i,t  the 
goldsmiths  in  Paris  was  so  bad  that  the  King,  (Louiu 
XII.)  in  1501,  forbade  the  manufacture,  so  that  the 
French  had  their  plate  from  Italy.  There  seems 
good  reason  to  believe,  that  the  English  of  that 
period  did  not  excel  the  French  artisans  in  the 
fabrication  of  gold  and  silver  articles.  We  may  thus 
account  for  what  we  find  often  stated  in  the  records 
of  that  age,  that  the  religious  houses,  the  nobility, 
and  rich  individuals,  gave  up  to  the  monarch,  (Ui 
pressing  emergencies,  tlieir  plate  for  the  public  service. 
Such  a  surrender  in  the  present  day,  when  a  heavy 
tax  and  the  workmanship  of  artists  make  plate  of 
silver  of  more  than  double  its  value  in  weight,  would 
be  deemed  a  most  oppressive  requisition,  wherea.s  al 
the  period  referred  to,  the  diiference  between  maWng 


payments  in  coined  money  or  in  manufactured  gold 
and  silver,  would  amount  but  to  a  trifle."  ' 

Although  tlie  assay  of  the  precious  metals  is  very 
simple  in  principle,  great  skill  is  required  in  assaying. 
A  skilful  assajer  is  able  from  the  sample  of  a  few 
iiTains  to  determine  the  standard  of  very  large 
masses  of  the  most  valuable  metals.  The  piincipl 
of  assaying  is  as  follows: — \vhen  gold,  silver,  ami 
platinum  are  exposed  to  the  air,  either  in  the  so' id 
state  or  in  a  state  of  fusion,  they  do  not  oxidize  LI  > 
the  other  metals,  but  retain  their  metallic  lustre,  on 
which  account  they  obtained  their  name  of  perfect 
or  nolle  metals.  Hence,  when  a  noble  metal 
is  alloyed  with  an  inferior  metal,  if  the  alloy  be 
melted  in  contact  with  the  sir,  the  latter  will 
gradually  become  oxidized,  and  the  scales  of  o.\ide 
rising  to  the  surface  can  be  removed  from  time  to 
time,  until  the  whole  of  the  baser  metal  is  separated. 
When  the  baser  metal  does  not  oxidize  very  rcadUy, 
as  is  the  case  with  cop]3er,  this  sepai-ation  becomes 
more  difficult,  and  even  inipossible  by  heat  done  if 
the  proportion  of  copper  be  small;  but  by  adding  to 
the  mixture  a  portion  of  some  metal  wliich  oxidizes 
very  readily,  such  as  lead  or  bismuth,  the  more 
refractory  metal  oxidizes  with  greater  case,  and  thus 
the  noble  metal  is  left  pure.  On  this  account, 
litharge  or  oxide  of  lead  was  termed  by  the  old 
chemists  the  bath  of  the  noble  metals,  scouring  or 
cleansing  them,  as  it  were,  from  their  alloys  of  base 
metal,  and  leaving  them  bright  and  pure.  In  the 
refining  of  gold  and  silver,  tliis  process  is  often 
conducted  ou  a  large  scale ;  but  in  assaying,  where 
small  samples  only  are  operated  on,  the  process  of 
ciipelladon  is  adopted. 


earthen  vessel  J,  called  a  muffle,  of  an  o\cn  fc 
vaulted  at  top  with  a  level  floor  at  bottom ;  it  i 
upon  a  plate  which  is  covered  with  loam  neaily  an  i 
thick:  it  is  open  at  one  end  and  closed  evcry^vheie 
except  a  few  narrow 
blitb  thiouuh  the  top 


.1  of  t 


CdiicU..!.    I  II.    mall  furnace  capable 

of  being  raiitd  to  a  heat  tuffiuicnt  to  melt  gold.  In 
Fig.  75,  BB,  is  a  section  of  an  assay  furnace,  which  is 
capable  of  being  moved  forwards  or  backwards  on  two 
u-on  rollers  ua;  i  is  the  ash  pit  with  the  grate  above 
it,  c  is  one  of  the  ash  pit  dampers  for  regulating  the 
draught,  y  is  a  mouth-plate  for  holding  pieces  of  ignited 
cluurnoal.     In  the  middle  of  this  furnace  is  placed  an 


s  giadi 
s  to  prot 


promote  the 
u  within  the 
form,  with  a 
he  metal,  and 


rauflle;   the  open  end 

comes  in  contact  \^^fh 

a  door  at  the  side  of 

the    furnace,    and    is 

generally  luted  thereto, 

so  as  to  separate  it  entirely  fi 

The  body  of  the  muffle  is 

before  cupcUatioi 

redness.     Its  use 

cupeh, ranged  on 

the  fuel,  and  at  tin    -■         i         i 

metal  a  free  arr  i  -  i  t 

oxidation.     The  <  ^  i 

muffle.  Fig.  75,  aiL  lu1,il,J  .  .  c..ul.a 

shallow  depression  at  the  tup  tu  cuutaii 

small  in  proportion  to  the  size  of  the  muffle,  so  tliat 

a  number  of  them  may  be  at  ^^(llk  at  tin  •-  mu  time. 

They  are  made  of  such  sub^i  up  i     n  t    i  Idl 

on  by  the  fused  oxides,  and  ( 1 1  i  ■  I  l.v 

loose    to    allow   these    o\i  1.  'Iimi 

readDy,   and  yet   admit    ot    1  'MM  my 

substances  fulfil  these   coudilidus,   but   ilip   a^h  of 

burnt  bone  is  generally  used.     The  ash  is  pov.  dcred 

and  sifted,  and  then  repeatedly  washed  with  water, 

to  remove  all  saline  and  soluble  matters:  when  dried; 

it  consists  of  phosphate  of  lime  with  a  little  carbon&te. 

This  substance  made  into  a  paste  with  water  or  beer, 

is  pressed  into  a  mould  to  the  proper  shape :  it  is 

then  taken  out  and  dried  at  a  gentle  heat,  and  is 

lastly  ignited  to  expel  all  moistm-e. 

Before  the  cupels  are  put  into  the  muffle,  a  little 
powdered  chalk  or  sand  is  sprinkled  on  the  floor  of 
the  muffle,  to  prevent  the  adliesion  of  the  cupels  by 
the  litharge  soakuig  through  them.  As  the  cupels 
camiot  absorb  more  than  thcii-  own  weight  of  litharge, 
the  quantity  of  fine  metal  to  be  assayed  slioxdd  not 
require  more  lead  than  the  weight  of  the  cupel. 

For  the  assay  of  silver  a  clean  piece  of  the  meti ' 


taken,  not  ii 
alloy  appear  to  be  i 
weighed    in  a  vr,A 


1  30  g 


and  less  if  the 
is  flattened  and 
r.  It  is  then 
-vof  pure  h'ad 
;aul  the  lead  are 
The  muffle  and 


wrapped  up  in  I  In;   ,  ■ 

rolled  out  into  a  slnit  ;  "\  iLr    ; 

folded  together  in  a  piece  of  pap 

the  cupel  being  at  a  full  red  heat,  the  silver  and  the 

lead  are  put  into  the  cupel  with  a  pair  of  pincers, 

when  they  immediately  melt.    Aikin  gives  a  beautiful 

and  accurate  description  of  the  phenomena : — "  The 

melted  metal  begins  to  send  off  dense  fumes,  and  a 

minute  stream  of  red  fused  matter  is  seen  pei-petualty 

flo-sving  from  the  top  of  the  globule  down  its  sides  to 


SC,  ASSA 

the  surface  of  the  cupel,  through  which  it  sinks  lud  ib 
lost  to  view.  This  I'lmie  and  the  stream  of  melted 
matter  consist  of  the  lead  oxidized  hy  tlie  heat  and  lu, 
in  one  case  volatilized,  in  the  other  vitrified,  ind  m 
sinking  through  the  cupel  it  carries  down  with  it  the 
copper  or  other  alloy  of  the  silver.  In  propoition  to 
the  violence  of  the  heat  is  the  density  of  the  fimie,  the 
violence  w  ith  which  it  is  given  ofl-',  the  conve\ity  of 
the  surface  of  the  globule  of  melted  metal,  ^nl  tht 
rapidity  with  which  the  vitrillcd  o\ide  cin  ' 
it  is  ttiuu'd,")  or  falls  down  the  sides  oi  I 
As   the   cuiieUaliou    advances,   the    mell(  1 


fioni  it.  The  ojiriation  bemg  now  finislu  1 
sihcr  left  puie,  the  cupel  is  allowed  to  cool  , 
till  the  glolmle  of  silver  is  fi\ed,  after  \i  in  li  i  i 
taken  out  of  the  cupel  ^\liile  stUl  hot,  and  \^hc,ll  cuLl 
accurately  weighed.  The  difference  between  the 
globide  and  the  silver  at  flist  put  in,  sliows  thr 
quantity  of  alloy,  the  globule  being  now  perfectly  pui  c 
silver,  if  the  operation  has  been  well  performed."* 
Ail  in  states,  that  at  the  Mmt  two  assays  are  always 
madr  of  the  s-in.c  un>s  ,.f  uicfal,  and  no  sensible 

-r  '    iif  the  two 

1'  I  *he  assay 

is  1  1        1  I'll        M..d,  if  the 

1  I  '  I  I       I    ,is  but  sbghlly  to  the  cupel;  if 

tl  ihi    above  and  below,   and  not 

ill  I  -lu;  if  the  button  be  quite  cle".n 

and  liiiiiiul,  slimiiu^  the  beautiftil  white   rf  ]  i 
silver,  and  not  m  any  degree  fouled  or  sp'  M 
any  rem:iining  htharge  :  the  surface  of  the  nu 
be  disposed  in  scales  or  lamina,  the  effect  ol  mi    '    i 
crystallization,  which  gives  it  a  play  of  light  and  a 
striated  lustre,  very  different -fiom  that  of  a  peifectly 
even  surface  of  a  white  metal,  however  pure.    E\- 
ammed  by  a  microscope,  this  striated  surface  is  still 
more  sti iking;  but  when  any  alloy  remains  in  the 
siher,  the  suifacc,  although  brilliant,  appears  smooth 
as  if  varnished. 

In  ordinary  assays  of  gold  or  silver,  copper  is  the 
alloy  usually  met  with.  If  the  metal  be  nearly  puic, 
the  cupel  lound  the  bottom  is  only  stained  yellow  bv 
the  lithaige  If  coppei  be  puseiit,  it  h  a^is  a  liumu 
gicystam     The  nfhr,  i  i      '    ,    ,    m  '  '  1 


The  time  Kquueif  i  one  assav  nora  putting  the 
metal  into  the  hot  cupel  to  the  hjlduun  i  oi  puiitv 
of  the  button,  is  geneially  fiom  lo  to  20  mmutt-. 
but  the  time  is  not  of  much  consequence,  as  the 
button  IS  equally  puic  aftci  a  npid  as  attei  a  slow 
cupellation    IftKl        1  I    II    uisdm^er 

of  en  01  from  the  a  I     i  1  ut  it  is 

desuable  to  admit  muilk   as 


L,  puie  sdvei  i 


Img 


I  1    IS  again  expelled,  so  that  if  the 

cjuliUf,  bo  laiid,  the  sihei  is  spiited  out  m  arbo 
lescciit  shoots,  and  some  mmute  portions  are  thus 
thrown  out  of  the  cupel  and  the  assay  is  spodt 

The  piopoition  of  lead  to  the  sdvei  to  be  assayed  is 
also  a  point  of  miportance.  If  too  little  lead  be  used, 
the  button  is  very  fiat,  rough  at  the  edges,  of  a  dull 
<i>li)ui,  with  blackish  spots,  strongly  adlierent  to  the 
I       '    111(1  foul  with  scorite  on  and  about  the  button. 

I  1 1  ss  of  lead  be  employed,  a  small  portion  of 

1 1  will  be  carried  down  into  the  cupel,  and 
1  1  ^  Miiple  of  silver  win  be  reported  a  bttle  less 
I  I    I  '    Is      The  quantity  of  lead  1  eciuii cd 

1  I  iipcUation  was  formerly  estimated 

1.1(1  '/  needles,  or  small  sbps  or  bai  s  of 

uiiial  uuile  with  pure  silver,  alloyed  with  known 
propoitions  of  copper  in  a  regidarly  increasing  series, 
from  the  least  to  the  greatest  proportion  ever  re- 
quired. The  sUvei-  to  be  assayed  was  then  compaied 
with  the  touch-needles,  in  colour,  tenacity,  and  other 
physical  characters,  and  its  alloy  was  estimated  by 
that  of  the  needle  which  it  most  le&emblcd.  These 
needles  are  seldom  used  now,  as  an  expeiienced 
assayer  is  able  to  judge  of  the  alloy  by  the  ease  or 
diffleulty  with  which  it  is  cut,  the  colour  and  grain  of 
a  fresh  cut  surface,  the  malleability,  the  change  of 

1  r       V,  hen  red-hot,  and  the  general  appearance 
I  11/ of  {/old  is  somewhat  more  comiillcatcd 

1'    I   of  silver.     If  silver  be  mixed  with  gold, 

I  li  the  hitter  be  in  very  small  propoition,  it 

bcMimis  a  ffold  assai/.  Copper  or  any  other  base 
metal  mixed  with  gold  may  be  separated  from  it  by 
cupellation,  but  the  affinity  of  copper  for  gold  is  so 
stiong  as  scarcely  to  be  overcome  by  this  method, 
unless  a  certain  quantity  of  silver  be  added.  Con- 
sequently, a  subsequent  operation  is  required  to  se- 
pai-ite  the  srnld  from  the  silver  as  mixed  in  the  button 


1  If,  however,  the  gold  be  in  coubidoiable 
I  I  I  I  11,  it  protects  the  silver  from  (he  action  of 
111  III  md  the  parting  is  imperfect.  In  such  case 
it  is  necessary  to  add  silver,  so  as  to  give  it  a  gi-eat 
excess  over  gold.  About  3  paits  silver  to  1  part 
gold  is  the  general  proportion,  and  hence  the  process 
of  partmg  is  also  called  qniirtution,  the  relative  pro- 
portion of  gold  being  icduced  to  only  one  quarter  of 


(he  mass,  but  any  greater  proportion  of  silver  may 
be  parted  witli  equal  certainty.  As  the  entire 
quantity  of  materials  for  the  assay  amounts  to  only 
a  few  grains,  and  as  t.ie  intimate  mixture  of  the 
silver  is  of  great  importance,  it  is  usual  to  cupel  them 
together  -with  lead,  so  that  they  may  be  thoroughly 
combined  into  one  small  neat  globule.  The  process 
is  similar  to  the  cupeUation  of  silver,  only  a  greater 
heat  is  requii-ed,  which  may  be  safely  employed,  as 
none  of  the  mixture  of  gold  and  silver  is  lost  by 
volatilization  as  pure  silver  is.  The  copper  is  worked 
off  along  with  the  litharge,  but  any  minute  portion 
of  lead  is  got  rid  of  by  a  second  fusing.  The  cold 
button  is  then  flattened  with  a  hammer,  again  heated 
red-hot,  and  slowly  cooled  to  anneal  it  and  increase 
its  malleability.  It  is  then  extended  into  a  small 
phitc,  by  bfing  iiasscd  between  rollers  of  polished 


I,  when 


isslighllyw 

to  decompose,  and  gives  off  reil  I  i  eul, 

and  in  about  15  or  20  minutes  ih'  v,:i-:  '.  ;.  -:lvir 
Ls  washed  out,  leaving  the  gulJ  ^>[,A  llu.l.1  i,,i  in  a 
slender  brittle  mass.  The  hot  acid  solution  of  silver 
is  carefully  poured  off,  and  fresh  acid,  rather  stronger, 
is  added  and  heated  for  a  few  minutes,  to  clear  away 
the  remains  of  the  silver.  This  is  decanted  off  and 
added  to  the  former  solution.  The  parting  glass  is 
then  filled  with  hot  distilled  water,  and  as  it  is  of  im- 
portance, for  the  sake  of  accuracy,  to  get  out  the 
cornet  without  breaking  it  into  fragments,  some  of 
which  might  be  lost,  this  is  managed  by  inverting  a 
small  crucible  over  the  top  of  the  parting  glass  while 
full  of  water,  suddenly  inverting  it,  when  the  comet 
falls  gently  down  through  the  water  into  the  cnicible. 
The  water  is  then  let  off;  the  crucible  is  dried  and 
heated  to  redness  in  a  muffle,  when  the  cornet,  which 
as  it  left  the  mattrass  was  a  brown,  s]ii>ii:\,  l>n:': 
mass,  shrinks  in  every  direction,  lie i - 
regains  its  metallic  lustre,  and  when  I'u',:  i  '■ 
has  all  the  appearance  of  pure  gold;  it  l;:ii  a  1  lmu 
tiful  lustre,  and  is  soft  and  flexible.  The  gold  is 
ncnm-ately  weighed,  and  the  process  is  finished.  This 
weight  indicates  the  absolute  quantity  of  metal  in 
the  assayed  sample.  The  difference  between  the 
weight  of  the  button  after  cupellation,  (deducting 
the  silver  added,)  and  the  first  sample,  is  the  weight 
of  the  ooppcr  or  other  base  metal  in  the  gold;  and 
1;:  .1  ■;  v,  r  l.r'wecn  the  gold  comet  together  with 
1  ,.  '   :iiid  the  button  after  cupellation,  is 

r  Mlver  alloyed  with  the  gold.     The 

-       :  I.        I     I:' inii  after  pavtingis  usually  recovered 
1  ,       .       !t,  when  collected  in  quantity,  some 

i  I       i     les,  which  dissolve,  and  precipitate 

I        -;■../  ::i  '•-;  metallic  fomi. 

The  composition  of  an  alloy  of  gold  is  ^r,l:.  !"„;(. 
roughly  estimated  by  the  use  of  the /cv'.'/  ' 
black  stone,  formerly  obtained  from  I^n-'    .    :.    \ 
Minor;   but  black  basalt  answers  the  ^'.'i     >.     .\ 
number  of  touch-needles  arc  formed,  as  in  the  case  of 


silver,  the  first  consisting  of  pure  gold,  the  second  of 
23  of  gold  and  1  of  copper,  the  third  of  22  of  gold  and 
2  of  copper,  and  so  on.  The  assayer  selects  one  of 
these  needles,  rubs  it  upon  the  touchstone,  and  the 
streak  produced  is  red  in  proportion  to  the  quantity 
of  copper  in  the  alloy.  The  metal  to  be  assayed  is 
also  rubbed,  and  if  its  streak  correspond  with  that 
made  by  the  needle,  its  composition  is  approximativcly 
known.  Several  needles  may  be  tried,  until  the  streaks 
correspond.  The  jiulgment  may  further  be  assisted 
by  moistening  the  streaks  with  nitric  acid,  which  acts 
vipon  the  copper  or  silver,  but  does  not  attack  the  gold. 

English  assayers  have  long  been  accustomed  to 
report  the  fineness  of  the  precious  metals  by  a  cum- 
brous and  artificial  method,  wliieh  we  do  not  describe, 
since  the  decimal  method  employed  in  other  eouutries 
was  a  few  years  ago  introduced  by  Sir  John  Herschel 
at  the  Mint.  By  this  method  fine  silver  is  termed 
1000,  and  the  report  upon  any  sample  of  alloy  indi- 
cates the  number  of  parts  of  pure  silver  in  1000  eon- 
tfiined  in  it.  English  standard  silver,  for  example, 
contains  in  1000  parts  of  alloy  925  of  silver,  and 
75  of  copper.  Ereneh  standard  contains  in  1000  of 
alloy  900  of  silver,  and  100  of  copper.  English 
standard  would  therefore  be  reported  as  925,  French 
standard  as  900.  lu  the  case  of  gold,  the  assayer 
terms  the  arbitrary  weight  of  tlie  alloy  on  which  he 
operates  1000,  and  his  weights  arc  subdivided  so  as 

to  give   the  value  of  the  ar.-y   in    1 [■  ■.   i,i   this 

quantity;   so   that  if  a  jiuii         ■  ;    '-  ,    v, hicli 

originally  weighed  1000  of  1 1.  yidd 

a  quantity  of  gold  equal  to  'Jl  ■„,  lie  \;.  ,;!  1  i,  juiit  it 
as  916-6  :  1000  ounces  of  such  an  alloy  would  contain 
916-6  ounces  of  fine  gold. 

The  assay  of  silver  by  cupellation  may  vary  as  much 
as  2  parts  in  1000,  even  under  a  practised  assayer, 
hence  the  humid  process,  as  it  is  called,  is  now  adopted, 
since  it  admits  of  an  accurate  estimate  of  the  value  of 
an  alley  to  within  0-5  in  1000.  [See  Silyeb.]  It 
ill  |i>  i;iK  I. II  ihe  precipitation  of  the  silver  in  the  form 
:  ehloride,  and  the  measurement  of  the 

-  1  luidard  solution  of  common  salt  (chlo- 
1..;,    :  1 1  r|uiied  to  produce  the  complete  prc- 

cipitati  .1  ■  ,   •  M       \-' r    in  a  siveu  weight  of  the  alloy. 

The  :.  '  '     i'      ;  r>  eious  mctals  requires  care 

rather  tliia  i  in  im  i,  -  ..li,  nu  account  of  the  perfection 
of  the  processes,  and  ul  tiie  very  few  alloys  which 
exist.  The  principal  alloy  of  silver  is  that  with 
copper,  this  metal  conferring  hardness.  The  |)ro- 
portion  of  copper  in  the  standard  silver  used  for  the 
coinage  of  different  countries  varies.  In  England  it 
is  7'5  per  cent. ;  in  Erance,  10  per  cent. ;  and  in 
Prussia,  23  per  cent.  There  is  some  difficulty  in 
preparing  standard  silver,  on  account  of  a  kind  of 
liquation  which  the  alloy  nndergoes  when  solidifying. 
When  east  into  ingots,  the  interior  portions  differ 
souiowhat  in  composition  from  the  outside.  Li  bars 
v,!r,-li  emiiiei,  ;i  Ii,,ir  |,i',  ,>  n  : !.  ,,i  i.,f  silver  than  719 
,  '  !   :  -  are  richer  Ihau 

:         I  1  ■'  ■,  i   '■  :s  ■  I  !      .  ,         •:■  the  proportion 
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forms  witli  copper;  it  is  much  more  fusible  than  pure 
gold,  but  less  ductile  and  malleable.  Euglish  standard 
gold  contains  8-33  per  cent,  of  copper,  ov  11  parts  of 
gold  to  1  of  copper.  The  standard  gold  of  Trance 
contains  10  per  cent,  of  copper.  Jeweller's  gold  often 
contains  silver  in  addition  to  copper. 

Assaying  now  generally  includes  the  determination 
of  the  quantity  of  some  particular  metal  in  an  ore  or 
mixture  of  the  baser  metals,  such  as  the  determi- 
nation of  the  quantity  of  copper  in  the  ore  of  that 
metal,  with  a  view  to  ascertain  the  quantity  wliich 
ought  to  be  produced  in  smcltuig,  and  also,  whether 
it  would  repay  the  smelter  to  work  it.  An  assay 
may  be  conducted  entirely  by  the  dnj  way,  or  merely 
by  heat  with  the  assistance  of  fluxes ;  or  by  the 
moist  way,  in  which  acids  or  other  re-agents  are 
employed.  In  some  cases  both  methods  are  used. 
The  best  treatise  on  the  subject  is  Berthier's  Tmite 
dcs  Essais  par  la  Vote  Seche :  Paris,  18S4.  There  is 
also  a  treatise  in  English,  by  Mitchell,  partly  founded 
on  the  above,  for  the  use  of  metallurgists,  captains 
of  mines,  and  assayers  in  general :  London,  1816. 
See  also  Phillips's  Manual  of  Metallurgy,  and  an 
cssav  in  French,  by  Chaudet,  on  the  assay  of  gold  and 
silver. 

ATMOSPHERE.    See  Air,  Anemometer,  &c. 

ATMOSPHERIC  RAILWAY.    See  Railway. 

ATOM.  ATOfflC  THEORY.  The  word  atom 
is  derived  from  the  Greek  word  arofios,  indivisible. 
Although  matter  is  capable  of  being  divided  to  an 
extent  far  beyond  our  powers  of  conception,  yet  it  is 
very  probable  that  there  is  a  lunit  in  nature,  beyond 
wliich  it  is  incapable  of  fui-ther  subdivision.  Sup- 
posing this  limit  to  be  attained,  the  minute  particles 
of  matter  are  then  tenned  atoms;  they  are  incapable 
of  being  further  divided,  and  upon  this  property  is 
founded  one  of  the  most  beautiful  doctrines  of 
modem  chemistry,  a  doctrine  upon  which  the  precision 
and  consequent  advance  of  this  comprehensive  science 
have  mainly  depended, — namely  the  Atomic  Theory. 

In  every  compound,  whether  formed  ar-titicially  or 
by  the  hand  of  nature,  the  component  parts  always 
exist  in  the  same  relative  quantities.  Pure  water,  at 
all  times  and  in  all  places,  contains  in  every  100 
]i;irts  11.111  hydrogen,  and  88.889  oxygen;  marble 
always  contains  56  parts  of  lime  and  44  of  carbonic 
acid,  per  cent. ;  common  sidt  always  contains  40 
parts  of  sodium  and  60  of  chlorine,  per  cent.  If,  in 
forming  these  substances  artificially,  any  one  of  the 
constituents  be  in  excess,  combination  will  still  take 
place,  but  the  excess  will  be  rejected. 

If,  instead  of  considering  the  composition  of  the 
above-named  substances  by  the  per  centage  of  their 
constituents,  we  take  the  smaller  numbers  that  wiU 
represent  iheir  composition,  then  we  say,  that  1 
atom  of  hydrogen  weighing  1  -f  1  atom  of  oxygen 
wcigliing  8  =  1  atom  of  water  weighing  9.  Or  1 
atom  of  lime  weighing  28  -f  1  atom  of  carbonic  acid 
weighing  22  =  ]  atom  of  carbonate  of  lime  weigh- 
ing 50.  Again,  1  atom  of  sodiimi  weighing  24  +  1 
Htom  of  chlorine  weighing  3G  =  1  atom  of  chloride 
of  sodium  weighing  GO.     Tlie  meaning  which  is  to 


be  attached  to  the  term  iccii/lit  in  these  examplca. 
will  be  explained  presently. 

Now  the  atomic  theory  is  based  upon  the  propo- 
sition, that  matter  is  capable  of  being  reduced  to 
atoms  wliich  do  not  admit  of  further  division,  and 
that  the  atoms  of  one  kind  of  matter,  which  in  the 
same  substance  have  all  the  same  size  and  weight, 
combine  with  the  atoms  of  a  different  kind  of  matter, 
oidy  in  certain  invariable  ratios.  It  follows  from  this, 
that  when  two  kinds  of  matter  combine  to  form  a 
compound,  they  combine  atom  to  atom,  for  in  order  to 
combine  chemically,  the  two  bodies  must  be  reduced 
to  their  state  of  greatest  division,  so  that  the  respec- 
tive atoms  may  be  free  to  come  witliin  the  range  of 
each  other's  attraction.  In  such  cases,  an  atom  of 
one  kind  combines  with  an  atom  of  the  other  kind. 
It  cannot  combine  vrith  half  an  atom,  because  no  such 
thing  exists,  and  it  cannot  combine  with  two  atoms, 
because  its  attraction  is  satisfied  with  one.  The  two 
dissimilar  atoms  thus  combined,  now  form  a  single 
compound  atom,  which  in  its  turn  is  mcapable  of 
further  division,  for  the  very  act  of  division  is 
destruction,  as  far  as  the  compound  is  concerned. 
Hence  it  will  be  seen,  that,  according  to  this  theory, 
a  simple  atom  is  incapable  of  further  division;  a 
compound  atom  is  capable  of  being  divided  into  two 
simple  atoms,  but  in  such  case,  the  compound  ceases 
to  exist.  This  obvious  illustration  explains,  in  a 
beautiful  manner,  the  imnnitable  nature  of  compound 
bodies,  as  they  exist  in  natm-e  or  in  art.  If,  for 
example,  1  gi-ain  weight  of  one  kind  of  matter,  con- 
sisting of  100  atoms,  were  combined  with  1  grain 
weight  of  another  kind  of  matter,  also  consisting  of 
100  atoms,  the  resulting  compound  would  be  homo- 
geneous or  of  the  same  nature  throughout;  a  substance 
would  be  formed  possessing  different  properties  from 
those  of  its  constituents,  and  consisting  of  100 
compound  atoms.  If,  however,  to  form  the  same 
substance,  1  grain  or  100  atoms  of  the  one  kind  of 
matter  were  presented  to  2  grains  or  200  atoms  of 
the  other  kind  of  matter,  the  same  compound  would 
be  formed,  but  the  excess  of  100  grains  would  be  re- 
jected, or  be  mechanically  mixed  with  the  compound. 

Kow  if  we  suppose  matter  to  be  capable  of  infinite 
division,  that  atoms  .were  in  fact  divisible,  there  is 
no  sufficient  reason  why  bodies  should  not  combine 
in  all  proportions.  The  one  hundredth  of  a  grain  in 
the  above  example,  ought,  in  such  case,  to  combine 
with  the  half  hundredth,  or  the  quarter  hundredth, 
or  any  other  proportional  of  a  grain  of  the  other 
substance,  so  as  to  form  an  infinite  number  of  com- 
pounds, all  possessmg  different  properties  to  each 
other  and  to  those  of  their  constituents.  That 
bodies  do  not  combine  in  this  indefinite  manner,  is  a 
strong  argument  in  favour  of  the  atomic  theory. 

In  the  above  remarks  it  has  been  supposed  that 
dissimilar  bodies  combine  only  atom  to  atom.  The 
real  fact  is,  that  an  atom  of  one  kind  of  matter  may 
combine  not  only  with  1  atom  of  another  kind  of 
matter,  but  with  2  atoms,  with  3  atoms,  or  more, 
producing  in  each  case  compounds  with  distmct 
properties.     Combinations   of  this   kind   have   been 
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I'lcplaiucd  on  one  of  two  sujipobitious.  1.  Suppose 
an  atom  of  A  to  combine  with  an  atom  of  B,  to  form 
a  certain  compound;  in  such  case,  the  affinity  of 
A  for  B  may  be  so  far  unsatisfied,  that  an  attraction 
may  exist  for  another  atom  of  B.  Should  tlie  con- 
lit  ious  Ijc  favouraljl"  fur  (his  combination,  a  second 
■  i'mim  \'..!I  mini, IMC  Hiili  A,  producing  a  compound 
il  atom  of  B  may  also 
I  :     1    I  I   iliird  distinct  compound. 

:.'  Iii-.ir;ul-i  -I!;,!...,:!,-  ilir  .simple  atom  A  to  have 
a  distinct  attraction  for  1,  2,  or  3  atoms  of  B,  we 
may  suppose  that  the  compound  atom  A  +  B  may 
exert  an  attraction  for  a  second  atom  of  B,  and  form 
ft  compound  represented  by  A  +  2  B,  and  that  this, 
in  its  tiu'u,  may  attract  a  third  atom  of  B,  Ibnning 
A  +  3  B,  and'so  on. 

Tor  example,  33  parts  of  zinc  combine  willi  S 
parts  of  oxygen,  to  form  40  parts  of  oxiili  ,1'  ,  i.i 
and  the  afiinity  then  seems  to  be  satisficil  i  i  ■''  •  . 
attraction  seems  to  exist  between  these  111 
if  another  portion  of  oxygen  could  be  al-  ;!,.!  1^. 
the  zinc,  so  as  to  form  a  second  oxide,  it  wouhl  be 
another  8  parts,  neitlier  more  nor  less,  and  tlie 
dciitoxide  of  zinc  would  consist  of  32  zmc  +  IG 

Again,  100  grains  of  mercury  combine  with  4 
grains  of  oxygen,  so  as  to  form  protoxide  of  mercury. 
As  the  combination  is  atom  to  atom,  it  has  been 
supposed,  in  this,  as  in  other  similar  cases,  that  tlicn^ 
are  as  many  atoms  in  100  grains  weight  of  mercury, 
as  there  are  atoms  in  i  grains  weight  of  oxygen 
But  in  this  case,  the  affinity  is  not  satisfied;  an 
additional  quantity  of  oxygen  can  be  combined  with 
the  same  quantity  of  mercury ;  an  atom  of  mercury 
has  an  attraction  for  two  atoms  of  oxygen,  or  100 
grains  of  mercury  wUl  combine  with  S  grains  of 
oxygen,  and  the  second  oxide  contains  twice  as  much 
oxygen  as  the  ikst.  If  a  thii-d  oxide  were  to  be 
formed  with  100  grains  of  mercurv,  it  v.oiM  contain 

not     9,     nnr     111,     ,n„      n,    l..i     rv,rl>y    M     ^Taili,     uf 

oxygen,     'I'l.  .,.■,.•,,  r.,',   ,       ■;  ■  i    :  .,  •  -m 

oxygen 
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le  atom  of  the 
2  atoms  of  oxygen ;  and  the  third  consists 
of  1  atom  of  the  metal  +  3  atoms  of  oxygen. 

In  these,  and  all  such  examples,  it  is  of  no  con- 
sequence which  of  the  combining  substances  be 
taken  as  the  constant  quantity  ;  100  of  A  may  unite 
with  50  of  B,  or  with  twice  as  much,  namely  100,  or 
with  thrice  as  much,  namely  150 ;  or,  what  is  the  same 
thing,  100  of  B,  may  unite  with  200  of  A,  or  with 
half  as  much,  or  one  third  as  much,  for  it  will  be 
observed,  that  tlie  midtiple  ratio  affects  one  kind  of 
matter  as  much  as  it  affects  the  other. 

Gaseous  bodies,  which  have  a  chemical  action  on 
each  other,  also  unite  in  the  same  definite  manner. 
For  example,  the  proportions  of  oxygen  that  combine 
with  any  quantity  of  nitrogen  to  form  compounds, 
wiU  be  to  each  other  as  the  numbers  1,  2,  3,  4,  5, 
and  never  to  any  intermediate  numbers.  But  instead 
nf  taking  gases  by  weight,  we  may  take  tJiem  by 


bulk  or  volume,  and  they  will  be  found  to  combine  b 
the  most  simple  ratios,  the  ratio  bcmg  as  1  to  1, 
1  to  2,  or  1  to  3.  Thus  1  volume  of  oxygen  requires 
exactly  1  volume  of  hydrogen  to  form  the  deutoxide, 
and  2  volumes  to  form  water.  1  volume  of  hydrogen 
requii-es  3  volumes  of  nitrogen,  to  form  ammoniacul 
gas,  and  so  on. 

Hence  the  law  of  combmation  may  be  thus  concisely 
expressed  : — 'When  a  body  A  combines  with  a  body 
B  in  several  proportions,  the  numbers  expressing 
these  proportions  are  integer  multiples  of  the  smallcsi 
quantity  of  B  that  A  can  absorb.  The  law  may  be 
also  thus  expressed  : — "VVlien  two  bodies  combine  in 
several  proportions,  t!ii-  llrt  pi-oiinHinn  is  either  a 
multiple  or  a  sulitni,'      ''   -l'    "  " '     i  .^t. 

These  laws   ni    i  ,    |,  -m,   and  of  the 

atomic  theory  in  irliinirr  in  wii^iils  and  volumes, 

III  Mill  illustrated  by  the  cumiioumis  of  nitrogen  and 

'  II  :  these   bodies   unite  \vith  each  other  in  5 

I    i'litions,  and  in  the  simplest  ratios,  forming  three 

:.li  3  and  two  acids. 
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In  the  above  examples  the  oxygen  combines  in 
regular  arithmetical  progression.  This,  however,  is 
not  always  the  case.  The  l;i.\'  uf  luuliiii'u  r.itios 
simply  requires,  that  the  in-'i  -11   be 

multiples  of  the  smallest,  'lir  ,,1,.  .  -  .imihu- 
pounds  of  chlorine  and  oxyt,'rii,  tin  .  .\l'  n  r,  n, bines 
by  weight  or  volume,  with  a  weight  or  \olumc  of 
chlorme,  according  to  the  numbers  1,  3,  4,  5,  7. 
Should  any  intermediate  compounds  be  discovered, 
the  oxygen  wUl  be  in  the  proportion  of  2  and  6;  such 
compounds  may,  however,  be  impossible. 

It  is  necessary  to  attach  a  precise  meaning  to  the 
term  weight,  or  comUning  weights,  when  speaking  of 
the  union  of  chemical  elements.  Thus  we  say,  that 
water  is  composed  of  8  parts  by  weight  of  oxygen, 
and  1  part  by  weight  of  hydrogen.  In  such  case, 
S  is  called  the  equUalent  or  combining  weight  of 
oxygen,  and  1,  the  equivalent  or  combining  weight 
of  hydrogen,  and  8  +  1  =  9,  is  the  equivalent  or 
combming  weight  of  water.  But  we  may  also  repre- 
sent hydrogen  by  100,  or  by  1000,  or  any  other 
number,  provided  all  the  numbers  be  multipHed  in  an 
equal  ratio ;  or  hydrogen  may  be  represented  by  y^, 
or  xirnst  if  ^  the  other  numbers  be  equally  reduced. 
If  hydrogen  were  represented  by  100,  oxygen  would 
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te  SOO,  aud  nitric  acid  5,400.  Or  if  hydi-ogen  were 
0.01,  oxygen  Tould  be  O.OS.  It  is  the  ratio  that 
gives  value  to  these  numbers.  When  we  say  that 
40  parts  sulphuric  acid  satui-ate  4S  parts  potash, 
there  is  nothing  in  these  numbers  of  any  particular 
value ;  for  20  and  24,  5  and  0,  would  do  as  well, 
these  numbei-s  being  in  the  same  ratio  as  40  and  48, 
and  this  is  the  ratio  between  the  sulphuric  acid  and 
the  potassa ;  but  as  small  numbers  are  more  easily 
remembered  than  large  ones,  it  is  an  object  to  reduce 
the  equivalent  numbers  to  the  lowest  ratio  that  can 
be  obtained. 

Berzelius  assumes  oxygen  as  =  100,  other  chemists 
have  taken  oxygen  as  =  1,  in  which  case  the  whole 
scale  of  equivalent  numbers  must  be  reduced  to  one 
eighth  of  what  they  would  be  when  hydrogen  is  =  1. 
Thus  sulphuric  acid,  which  in  the  hydrogen  scale  =  40, 
would  in  the  oxygen  scale  =  5  ;  nitric  acid,  instead 
of  being  54,  would  be  6.75 ;  lime,  instead  of  being 
28,  would  be  3.5  ;  carbonic  acid,  instead  of  22,  would 
be  2.75;  and  hydi-ogen  would  be  0.125.  Kearly 
one  half  of  the  ascertained  numbers  would  be 
fractional.  Dr.  Thomson  gives  the  following  rea 
for  preferring  the  oxygen  scale:  "Hydrogen,  so  far 
as  we  know  at  present,  combines  vrith  but  few  of  the 
other  simple  bodies ;  wliile  oxygen  unites  with  them 
all,  and  often  in  various  proportions.  Consequently, 
very  little  advantage  is  gained  by  representmg  the 
atom  of  hydrogen  by  unity ;  but  a  very  great  one  by 
representing  the  atom  of  oxygen  by  unity;  for  it 
reduces  tlie  number  of  arithmetical  operation; 
specting  these  bodies,  to  the  addition  of  unity ; 
we  see  at  once,  by  a  glance  of  the  eye,  the  nm 
of  atoms  of  oxygen  which  enter  into  combination 
with  the  various  bodies." 

In  the  faf/hs   of  equivalents,   as  they  are  called, 
which  have  been  constructed  with  great  care  by  first- 
rate  chemists,  the  quantity,  but  not  the  quality,  of 
the  weights  is  given.     It  is  not  stated  whether  these 
weiglits  are  grains,  or  ounces,  or  pounds.     In  the 
laboratory,  or  in  the  chemical  manufactory,  it  may 
be  any  one  of  them,  or  it  may  be  hundred-weights 
tons.    In  theory,  however,  a  very  different  denomin 
tion  is  implied.     When  it  is  stated,  that  potash  co 
sists  of  40  potassium  -f  8  oxygen,  these  numbers 
are  referred  to  the  unit  by  which  all  elementary 
bodies  are  measui-ed ;  tiiis  unit  is  hydrogen,  and  its 
equivalent  number,  or  combinmg  weight,  is  1. 

Dr.  Dalton  was  the  first  who  conceived  clearly  the 
idea,  tliat  from  the  relative  actual  weights  of  the 
elements  in  the  mass  of  any  compound  body,  the 
relative  weiglits  of  the  ultimate  atoms  of  bi 
might  be  inferred.  Water,  he  conceived,  consisted 
of  1  part  by  weight  of  hydrogen,  and  8  parts  by 
weight  of  oxygen,  and  he  supposed  that  when  two 
combinations  of  two  bodies  could  be  obtained,  that 
the  first  must  be  composed  of  an  atom  of  each, 
the  second,  of  2  atoms  of  the  one,  and  1  atom  of  the 
other.  Applying  this  reasoning  to  the  compound  of 
oxygen  and  hydi-ogen,  he  supposed  that  1  atom  of 
hydrogen  +  1  atom  of  oxygen  formed  water, 
hence  that  the  weights  of  the  atoms  must  be  in  tlie 


same  ratio  as  the  weights  of  the  total  quantities  that 
compose  water.  In  this  way  he  examined  a  large  num- 
ber of  compounds,  assuming  the  weight  of  hydrogen  as 
unity,  and  from  that  determining  the  weight  of  the 
atoms  of  other  elements  by  representing  them  as  so 
many  times  heavier  than  the  atom  of  hydrogen,  the 
number  of  times  being  discovered  by  comparing  the 
weights  of  different  elements.  These  weights  were 
detennined  by  the  analysis  of  the  compounds  formed 
either  with  one  part  hydrogen,  or  with  a  given 
weight  of  some  other  element  whose  relative  atomic 
weight  to  that  of  hydrogen  had  been  ascertained.  In 
this  way  the  weights  of  the  atoms  of  other  bodies 
were  expressed  in  atoms  of  hydi-ogen,  each  of  which 
was  denoted  by  unity. 

The  atomic  weight  of  one  body  being  thus 
arbitrarily  fixed,  the  atomic  weights  of  other  bodies 
were  found  in  the  foUo-ndng  manner.  100  parts  of 
water  contain,  according  to  analysis,  11.111  hydrogen 
and  88.889  oxygen.  Assuming  that  in  the  compo- 
sition of  water  every  atom  of  hydrogen  is  combined  . 
with  1  atom  of  oxygen,  then  the  weight  of  1  atom  of 
hydi-ogen  =  11.111  :  8S.889  =  1:8  and  this  last 
number  is  the  atomic  weight  of  oxygen. 

100  parts  of  sulphuretted  hydrogen  contain  5.9 
parts  of  hydrogen  and  94.1  parts  of  sulphur.  Assuming 
that  this  compound  contains  equal  numbers  of  atoms 
of  hydrogen  and  sulphur,  we  have  the  proportion 
5.9  :  94.1  =  1  :  16 ;  or  the  atomic  weight  of  sulphur 
is  16,  if  that  of  hydrogen  be  assumed  as  =  1. 

On  examining  the  relation  of  sulphur  to  oxygen, 
we  find  that  100  parts  of  sulphurous  acid  contain 
50  of  sulphur  and  50  of  oxygen ;  and  100  parts  of 
sulphuric  acid  40  sulphur  and  CO  oxygen.  Now 
50  :  50  =  16  :  16,  and  40  :  60  =  16  :  24;  and  since 
the  atomic  weight  of  sulphur  is  16,  that  of  oxygen  8, 
we  may  conclude,  that  in  sulplim-ous  acid,  1  atom 
sulphur  =  16,  is  eombmed  with  2  atoms  oxygen  =16, 
and  in  sulphui-ic  acid  with  3  atoms  oxygen  =  24. 

Carbonic  oxide  contains  6  parts  carbon  combined 
■with  8  oxygen;  and  carbonic  acid  6  carbon  -with  16 
oxygcu.  The  atom  of  carbon  is  estimated  at  6,  sup- 
posing that  in  carbonic  oxide  it  is  combined  with  1, 
and  in  carbonic  acid  with  2  atoms  of  oxygen. 

Sulphuret  of  carbon  contains  6  parts  carbon  united 
with  32  sulphur;  therefore,  1  atom  of  carbon  with  2 
atoms  of  sulphur. 

In  ammonia  14  parts  of  nitrogen  are  combined 
with  3  of  hydrogen ;  therefore,  1  atom  of  nitrogen 
with  3  atoms  of  hydrogen. 

In  the  yeUow  oxide  of  lead,  103.8  lead  are  com- 
bined with  oxygen ;  the  atomic  weight  of  lead  may 
therefore  be  estimated  at  103.8.  Galena  is  a  compound 
of  le.ad  and  sulphur,  in  the  proportion  of  103.8  :  16, 
and  this  compound  must  be  regarded  as  contauiing 
equal  numbers  of  atoms  of  its  elements. 

In  this  way  the  atomic  weight  of  hydrogen  being 
assumed  =  1,  the  following  atomic  weights  have 
been  detennined ;  oxygen  8,  sulphur  16,  carbon  6, 
nitrogen  14,  lead  103.8.  In  a  similar  manner  the 
dtomic  weights  of  other  elements  have  been  calcu- 
lated, as  set  forth  in  the  following  table : — 
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UST  OF  ELEMENTARY  BODIES,  WITH  THEIR  ATOMIC  WEIGHTS  AND  SYMBOLS. 


ErlHin:l K 

ilolylKUnum    M.  47-i;i>         r,9IM 

lercWcilylnirgyrum')  ...    Hg 100-10      1251-23 

N.B.-The  names  printed  in  italics  are  those  of  rare  aiul  coin 
numbers  are  attached  have  not  been  sufficiently  studied  t 

|i™-. 1" ^         4^0059 

111  tins  iihlc  llic  denicutiiy  subst  inoes  -nliose 
uames  are  punted  ui  Italics,  have  not  yet  been  ex- 
amined -nitli  sullieient  care  to  deteimme  tbcir  atomic 
weigbts 

In  the  picccdm.    1  t    '     t'  '  i 

stated  as  akajb  i  I 

In  some  woiks  (  u  ( 
appeal  to  contiadirt  il      1  I 

of  lion  IS  said  to  couMst  ot  1  ili  m  rl  ii  m,  ^ith  J  ^ 
atom  of  oxygen,  bnt  as  lialf  atoms  involve  a  con 
tiadietion  of  teims,  it  is  usual  to  get  over  the 
diffleully  by  doubhiig  the  nnmbeis,  so  as  to  mike  1 
atom  of  scsqiuoxide  of  lion  to  consist  of  2  atoms  iion, 
and  3  of  oxjgcn. 

Another  supposed  difliculty  m  the  ^^ay  of  the 
atomic  theoiy  has  been  m  such  combinations  as  sul 
phuuc  acid  and  water,  alcohol  and  w  atei,  m  whicli  the 
existence  of  dttcrminatc  lafios  is  indistinct,  for  tlicse 
subsfancct.   ->|  pi  ii    to   cnuluiii   lu    all    pKiprntu  us 


mall,     J  i 

pecubai  to  iLlIJ,  and  Mluch  distiu^'uish  it  fiom 
every  otliei  substance  m  natuie,  but  the  compound 
possesses  most  of  the  ehaiaotcis  of  a  mixtuic ,  its 
propel  ties  foiin  a  mean  between  those  of  its  cri 
sdluonts,  m  which  the  distnctuc  piopeitics  of  r 
constituent  can  lie  rccogiused  with  gieatei  oi  li 
distinctness 

Attn  all,  the  doctunc  r f  dcfiuite  piopoitions  ma\ 
onh  be  a  nicio  exmcbsion  of  firts  cssr utially  diffcicnt 
fiom  the  led  atomic  constitution  of  bodies  Ncvei 
tlielcss,  it  li  A  tiue  tlieoiy,  inaiiuucli  as  it  genei  dizes 


the  iimumeiablc  facts   of  ehri 
them  m  a  soit  of  shoit-lnu  ! 
foi  its  simpheity  as  for  tli    I 
ATT  GEE    \WL    Thfs 


cage  makers,  &c  Fig  79,  is  square  and  shaip  on  all 


V        '^        ^        ^ 

its  edges,  and  tapeis  off  very  gradually  until  neai  the 
point,  -nhcrc  the  sides  meet  rathei  inoie  abiuptly. 
T    '  II       1  uid  displace  rather  than  remove  the 

liLy  penetrate 

1  01  mg  uistiuments  used  in  caipentiy 
I  idcr  to  give  loom  for  the  shaMngs 

Iho  ih  lllit,  iig  80,  also  caUed  the  qouqc  hit  and 
qvill  lit,  lb  shaipened  at  one  end  like  a  gouge,  and 
when  revolving  it  sht_ais  the  fibics  of  the  wood  round 
the  maigin  of  the  hole,  and  iemo\es  the  \iood  abnost 
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us  a  solid  core.  Very  small  toob  of  tlus  kind  arc 
used  for  boring  holes  ia  some  kinds  of  brushes. 

Tlie  spoon-bit.  Kg.  SI,  is  generally  bent  up  at  one 
end,  so  as  to  make  a  taper  point.  It  acts  something 
like  a  pointed  drill,  but  has  a  keen  edge  suitable  for 
wood.  The  cooper's  dowel-bit,  and  the  table-bit  for 
making  holes  for  the  wooden  joiuts  of  tables,  are  of 
this  land.  When  tlio  end  is  bent  into  a  semicircular 
form,  it  is  called  a  ditcl:  nose-bit  from  its  rcscmljlaucc, 
and  a  brush-bit  from  the  use  to  ■n'liir]i  I;  ;  ,  .iiipii.  il. 

The  nose-bit,  slit-nose-bit,  and  u   .  1  '    I  , 

slit  up  a  small  distance  near  the  ci  1 1 1       i        :  : 

piece  of  the  end  is  then  bent  up  mulv  ,;i  i,_lit 
angles  to  the  shaft,  so  as  to  act  Uke  a  paring  cliibcl, 
aud  the  comer  of  the  reed  near  the  nose  also  cuts 
slightly.  On  a  large  size  this  tool  is  caUed  the  shell- 
auger,  and  is  sometuncs  made  3  inches  in  diameter 
aud  upwards,  with  long  movable  shanks  for  boring 
puinp  barrels  Before  usmg  nose  bits  a  preparatory 
hok  lb  mule  with  i  bi  id  nvl  oi  cciitic  punch;  with 
•lu  ill  k  with   a 

"^    I  I   t     1  "but  it 

pdUit  uid  txtcndiuj;  to  tliL  lull  diimctLi  of  the  tool, 
which  is  thus  diawn  by  the  soiew  into  the  wood, 
'ihe  gimlet  acts  like  an  augei,  by  cuttmg  the  wood  by 
the  angulai  cornei  between  the  woim  aud  tlie  shell. 
When  the  shell  is  fuU  of  wood  the  gimlet  is  with- 
drawn aud  emptied. 
The  centre-bit.  Fig.  8-1,  consists  of  three  parts,  viz. 
a  centre  point  or  pin,  which  serves 
as  a  guide ;  a  thin  shearing  point  or 
er,  which  cuts  through  the  fibres 
like  the  point  of  a  knife;  aud  a  broad 
chisel  edge  or  cutter,  placed  obliquely, 
to  pare  up  the  wood  within  the  circle 
marked  out  by  the  point.   The  cutter 
should  have  a  little  less  radius,  and 
less  lengt  h  than  the  nicker.   There  are 
many  forms  of  centre-bits  described 
in  Jlr.  Holtzapffel's  exceUent  work, 
which  ought  to  be  in  the  hands  of 
every  practical  and  amateiu-  mechanic, 
v.ho.thor  in  wood  or  metal. 

Various  forms  of  auger  are  made  \vith  spiral  stems, 
60  that  the  shavings  may  ascend  the  hollow  worm, 
p!^.  85.  Fig.  8G.  aiul  thus  save  the  trouble  of  with- 
drawing the  bit  so  frequently.  The 
tivisted  gimlet.  Fig.  85,  is  a  tool  of 
'cind.  It  is  made  with  a  conical 
shaft,  round  which  is  filed  a  half-round 
groove,  one  edge  of  which  is  thus 
sharpened,  and  gradually  eidarges  the 
hole  after  the  worm  has  penetrated, 
and  being  smaller  than  in  the  common 
gimlet,  there  is  less  risk  of  .splitting. 


The  c 
forged  as  a  paralli  1  I 
twisted  while  rcd-l:ii        I 
niinates  in  a  worm,  I  \  vim 
is  gradually  drawn  into  iJic 


.  ki.. 


same  kind  of  shaft  is  sometuncs  made  with  a  plain 
conical  point,  with  two  scoring  cutters  and  two  chisel 
edges,  forming  a  sort  of  double  centre-bit. 

The  various  kinds  of  boring  bits  are  usually  set  in 
motion  by  means  of  the  carpenter's  brace,  one  end 
of  which  receives  the  bit,  aud  the  other  end,  con- 
sisting of  a  swivelled  head  or  shield,  is  pressed 
forward  horizontally  by  the  chest  of  the  workman. 
Augers  are  usually  moved  by  transverse  handles. 
Some  augers  are  made  with  shanks,  and  are  riveted 
into  the  handles  like  the  common  gimlet ;  the  most 
common  method  is  to  form  the  end  of  the  shaft  into 
a  ring  or  eye,  through  which  the  transverse  handle  is 
tightly  drawn.  Brad-awls  and  similar  tools  requiring 
only  a  slight  force  have  straight  handles.' 

Mr.  Richardson'  states  on  the  authority  of  Junius, 
that  the  word  awl  has  the  same  origin  with  eel,  and 
was  so  called  because  it  can  introduce  and  insinuate 
itself  like  an  eel. 

AUTOMATON,  from  owtos  and  ^^o^Lal,  a  self- 
moving  machine,  or  one  so  constructed,  that  by  means 
of  uiternal  springs  and  weights  or  other  well  known 
contrivances,  it  may  move  for  a  considerable  time  as 
if  endowed  with  life.  According  to  tliis  definition, 
clocks  and  watches  are  automata ;  indeed,  the  term 
automatic  machinety  has  of  late  years  been  applied  to 
the  self-acting  looms  and  other  machines  which  are 
now  so  extensively  used  in  the  manufactures  of  tliis 
country. 

Many  early  writers  delight  in  narratives  of  wonder- 
ful toy  automata,  but  as  they  have  not  stated  the 
mechanical  contrivances  by  which  the  results  were 
brought  about,  it  is  of  no  use  to  repeat  them  here. 
As  an  example  of  the  small  degree  of  reliance  which 
can  be  placed  on  these  narrations,  we  may  refer  to 
the  wooden  eagle  of  John  MiiUer  of  Kui-embcrg, 
commoidy  called  Regiomontanus,  which  flew  forth 
from  the  city  of  Nuremberg  aloft  in  the  air,  and 
met  the  emperor  Maximilian  as  he  was  approacliing 
the  city ;  having  saluted  him,  the  bird  returned  with 
him  to  the  city  gates.  This  story  is  gravely  related 
by  such  eminent  authorities  as  Kircher,  Porta, 
Gassendi,  Lana,  and  Bishop  WUkins,  but  unfortu- 
nately for  the  truth  of  it,  they  do  not  agree  in  thcii- 
dates.  Some  say  it  was  in  the  time  of  Maximilian, 
others  in  the  time  of  his  grandson  Charles  V.,  who 
was  born  04  years  after  the  death  of  Midler.  The 
same  philosopher  is  also  said  to  have  made  an  iron 
fly,  wliich  at  a  feast,  flew  forth  from  his  hand,  and 
taking  a  round,  returned  tliither,  to  the  astonishment 
of  the  guests.  This,  if  true,  was  probably  some 
kind  of  magnetic  trick. 

In  approaching  more  modern  times,  our  informa- 
tion is  more  precise,  and  the  automata  are  less 
marvellous.  The  best  examples  are  those  by 
Vaucansen,  Camus,  Kempelen  and  others,  and  are 
described  by  Sir  David  Brewster  iu  Ms  entertaining 
little  work  on  Natural  Magic.      The   Automaton 


Chess-playcv  of  Kempcleu  was  a  clever  hoax,  aiul 
the  inventor  himself  was  really  ashamed  at  its 
success.  A  full  history  and  description  of  this 
machine,  if  such  it  may  be  called,  is  given  by  the 
editor  m  his  "  Amusement  in  Chess,"  Loudon  1S45. 
A  few  years  ago,  the  editor  saw  in  a  watch-maker's 
room  at  Geneva,  a  small  automaton,  which  he  believes 
was  invented  by  M.  MaUIardet,  a  clever  mcchauicid 
artist  of  the  last  century.  It  cousistcd  of  a  small 
nest  about  "  ivchrv  .;„  dinmcter.  On  touching  a 
sprmg,  a  liil  ■  i  '  ■  .i  '  <!  :  limiage,  not  larger  than  a 
small  hum !:,  I  ii\t  and  perched  on  the 

ed^e  of  llir  iM  ;  i;:iiii  1:11-  iis  wings  and  opening  its 
I'  :  vm''  :  •  iiImus  viliration  pecidiar  to  singing 
t  '  i  I  I  .  I!  I  i-au  to  warble  a  rapid  succession  of 
I  liic  song  of  the  nightingale,  and 

l'>  1.1  <■ ish  i.i  \r  heard  over  the  whole  room.     It 

then  suddeuly  darted  do\ni  into  its  nest,  and  the 
nest  closed  upon  it.  The  song  contmued  about  four 
minutes,  and  the  exhibitor  stated  that  the  bhd 
warbled  several  different  strains.  We  learn  from 
Dr.  Brewster,'  that  the  great  variety  of  notes  was 
not  produced  by  a  corresponding  number  of  pipes, 
for  which  there  was  evidently  no  room,  but  the  artist 
ingeniously  managed  to  have  only  one  pipe,  tlie 
vacuity  of  which  is  shortened  or  lengthened  by  a 
piston  working  inside,  and  thus  producing  sounds 
graver  or  more  acute  according  as  the  macliineiy 
operates  upon  it. 

The  automaton  which  has,  perhaps,  received  most 
attention  is  the  speaking  machine.  A  speaking 
automaton  was  constructed  by  Kempelcu,  ni;il  !i:i« 
received  farther  improvements  from  profi--^  i  W  " 
and  Wheatstone.  A  machine  of  this  kind,  c 
by  a  German,  was  exhibited  a  few  years  :iu<i  -.li  1  < 
Egyptian  Hall  in  London.  We  cannot  &ay  that  it 
was  successful. 

AXIS,  a  word  used  in  various  senses  in  different 
departments  of  science,  in  which  case  it  is  connected 
with  other  terms  which  give  it  a  special  meaning  and 
application.  Thus  we  speak  of  the  axis  of  inertia, 
of  rotation,  of  refraction,  of  polarisation,  &c.  When 
used  by  itself,  the  term  generally  refers  to  the  axis 
of  rot.ation  or  of  synnnetry.  Thus,  when  a  body  has  a 
motion  of  rotation  or  revolution,  the  line  round 
which  it  rotates  or  revolves  is  called  the  axis.  So 
also  a  line,  on  both  sides  of  which  the  parts  of  a 
body  are  sunilarly  disposed,  extending  as  far  in  one 
direction  as  in  the  other,  and  in  exactly  opposite 
directions,  is  called  the  axis  of  symmetry. 

The  mechanical  properties  of  the  axis  of  rotation 
are  of  great  impoi-tamx?.  Li  some  cases,  when  the 
body  revolves,  the  axis  itself  is  movable  and  in 
actual  motion,  as  in  the  earth,  the  planets,  a  common 
spuming  top,  &c.,  but  generally  in  mechanics  the  axis 
is  immovable,  or  may  be  regarded  as  such,  as  in 
wheel  work,  the  moving  parts  of  watches  and  clocks, 
turning-lathes,  mill-work,  hinges,  &c.  Where  the 
axis,  or  pivot,  or  joint  is  not  fixed,  it  may  be  con- 
sidered so  in  reference  to  the  mechanical  effect,  as  in 
scissors,  shears,  pincers,  &c. 
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In  cases  where  wheel-work  is  concerned,  the  body 
generally  turns  continually  in  the  same  direction, 
each  of  its  points  describing  a  couiplctc  circle  dui-ing 
every  revolution  of  the  body  roiuid  its  axis ;  but  in 
some  cases  the  motion  is  alternate  or  reciprocal,  as 
in  the  pendulums  of  clocks,  the  balance-wheels  of 
chronometers,  the  treadle  of  a  lathe,  doors  or  lids  on 
hinges,  scissors,  pincers,  ko..  When  the  alternation 
is  constant  and  regular,  as  in  pendulums  and  balauce- 
wheels,  it  is  called  oscillation  or  vibration. 

When  a  solid  body  is  movable  on  a  fixed  axis,  it  is 
susceptible  of  motion  only  by  rotating  on  that  axis. 
If  it  be  subjected  to  the  action  of  instantaneous 
forces,  one  or  other  of  the  foUo-n-ing  effects  will  be 
produced: — I.  The  axis  may  resist  the  forces  and 
prevent  any  motion.  2.  The  axis  may  modify  the 
effect  of  the  forces,  thereby  sustainiug  a  corresponding 
percussion,  and  the  body  receiving  a  motion  of  rotation. 
3.  The  forces  may  cause  the  body  to  rotate  round 
the  axis  even  were  it  not  fixed,  in  which  case  the 
axis  will  suffer  no  percussion. 

If  instead  of  instantaneous  forces,  the  body  be 
subject  to  continuous  ones,  similar  effects  will  be 
produced,  only  instead  of  percussion  we  get  pressui-e. 
But  "  the  unpressed  forces  arc  not  the  only  causes 
which  affect  the  axis  of  a  body  during  the  phenome- 
non of  rotation.  This  species  of  motion  calls  into 
action  other  forces  depending  on  the  inertia  of  the 
mass,  which  produce  effects  upon  the  axis,  and  which 
play  a  promment  part  in  the  theory  of  rcf.ation. 
While  the  body  revolves  on  its  axis,  the  component 
jrirt  ■.•'.■"  f'f  i*-;  -rn*'-  n!'>vf  in  circles,  the  centres  of 
m'  . ':  I.  i'  ■  I  ,:i  i!'i'  :i\is.  The  radius  of  the 
;  ■  moves,  is  the  line  drawn 
Ir,.,:,  1:1:, I  |>:ir;.-,.'  ;•■  ,,.  inlicuhir  to  the  axis.  A 
particle  uf  uK.ifrr!  '  n  ;  k  i,,nli,,nisattciRh-d 

with  a  centrifugal  h  ;■  ,  -  ,  i'  '  -'■  lo  the  radius 
of  the  circle  ui  w hi'  !'■  the  square   of 

it«  angrdar  velocity.  W  li^  n  ,1  -.1,1  liujy  revolves  on 
its  axis,  all  its  parts  arc  whirled  round  together,  each 
performuig  a  complete  revolution  in  the  same  time. 
The  angular  velocity  is  consequently  the  same  for  all, 
and  the  dillVrriipo  of  i!ir  rrntrifugal  forces  of  different 
particles  u  ■:  ■  •■  lii  ';  <!-  nnid  upon  their  distances 
from  til.  i  iirv  of  each  particle  to  fly 

from  till   :.   I-  :.ri-;i!-   I  llie  centrifugal  force  is 

resisted  liy  tlie  culicsiun  of  the  parts  of  the  mass, 
and  in  general,  this  tendency  is  expended  in  exciting 
a  pressure  or  strain  upon  the  axis.  This  pressure  or 
strain  is,  however,  altogether  different  from  that 
already  mentioned,  and  produced  by  the  forces  which 
give  motion  to  the  body.  The  latter  depends  entirely 
upon  the  quantity  and  dii'cctions  of  the  applied  forces 
in  relation  to  the  axis;  the  former  depends  on  the 
figure  and  density  of  the  body  and  the  velocity  01  its 
motion." 

These  very  complex  effects  do  not  readily  admit  of 
popidar  exposition ;  but  the  reader  who  is  interested 
in  the  subject,  will  find  it  treated  in  a  lucid  manner 
in  the  tenth  chapter  of  Dr.  Lardner's  Mechanics,  ii' 
the  Cabinet  Cyclopaedia. 

AXLE.      See  Wheel  Cawiiages. 
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BAKIK  G— BALAN  CE. 


BAKING.  The  process  of  drying  aud  consolidating 
,1  substance  by  means  of  lieat.  [See  Biiead,  Biscuit, 
Pottery,  Porcelain,  Sugar,  &e.] 

BAXANCE.  An  instrument  for  ascertaining  the 
weight  of  substances.  It  is  of  extensive  use  in  the 
common  affaiis  of  life,  in  the  arts,  and  in  experi- 
mental science.  It  consists  essentially  of  a  lever  of 
the  first  kind,  in  which  the  fulcrum  is  between  the 
power  and  the  weight  to  be  raised.  This  lever,  called 
the  iea/ii,  a  b.  Fig.  87,  has  its  fulcrum  or  axis  of 
F,g.  sr.  motion  c  in  the  cen- 

„,^i  tre,  so  that  the  two 


s  the  centre  of  gravity  of  the  beam,  and 
is  situated  a  little  below  the  fulcrum,  for  if  situated 
in  that  point,  the  beam,  instead  of  always  being  hori- 
zontal when  the  arms  are  m  equilibrium,  would  rest 
indifferently  in  any  position ;  and  if  the  centre  of 
gravity  were  above  the  centre  of  motion,  the  least 
disturbance  would  cause  the  beam  to  upset.  The 
points  of  suspension  should  be  situated  so  tliat  a 
straight  line  A  B  joining  them  is  perpendicular  to  the 
line  of  symmetry  formed  by  joining  the  centre  of 
gravity  y  with  the  centre  of  motion  m.  The  direction 
of  the  line  m  g  is  indicated  by  a  slender  pointed 
needle  or  tongue,  rising  perpcndiculai-ly  above  or 
below  the  beam :  a  graduated  scale  or  arc  behind  it 
shows  the  deviation  of  the  tongue  from  the  perpen- 
dicular, and  renders  sensible  the  slightest  motion  of 
the  beam.  TVIien  the  needle  points  to  the  zero  hue 
of  the  scale,  which  is  also  in  the  vertical  of  the  centre 
of  gravity,  the  beam  must  be  horizontal.  By  means 
of  this  index  we  can  also  ascertain  whether  equili- 
brium has  been  attained,  without  waiting  until  the 
beam  has  ceased  to  oscillate ;  for,  if  it  be  really  in 
equilibrium,  the  needle  will  describe  equal  arcs  on 
the  graduated  scale  on  each  side  of  the  zero  point, 
but,  if  there  be  not  equilibrium,  the  needle  will  move 
through  a  larger  number  of  degrees  on  one  side  of 
the  zero  point  than  on  the  other. 

In  a  perfect  balance,  all  the  parts  ought  to  be 
symmetricid  with  the  centre  of  gravity ;  that  is,  the 
parts  on  either  side  of  this  point  ought  to  be  exactly 
equal  in  every  respect.  But  such  perfection  cannot 
be  attained  in  practice ;  the  most  skilful  workman 
cannot  make  the  two  arms  perfectly  equal ;  but  he 
approaches  this  state  of  perfection  as  closely  as 
possible.  In  order  to  reduce  the  friction  on  the 
axis,  the  beam  is  made  as  light  as  is  consistent  with 
perfect  inflexibility.  To  diminish  the  extent  of  sur- 
face in  contact  with  the  axis,  the  beam  is  supported 
on  two  sharp  edges  ot  tempered  steel,  c,  Fig.  88, 
lying  in  the  same  straight  line,  and  supported  on  two 


planes  of  steel  or  agate,  finoly  polished,  and  placed 
with  the  greatest  care  in  the  same  horizontal  pkne. 
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The  scale-pans  are  also  suspended  on  knife-edges  a 
B  :  G  is  the  centre  of  gravity  of  the  whole  beam. 
D  is  the  point  of  coiucidence  of  a  b  and  c  g. 

Equality  in  the  length  of  the  arms  can  be  tested  in 
two  or  three  ways.  If  the  balance  with  its  pans 
vibrate  freely,  and  rest  in  a  horizontal  position,  and 
cqud.  The  two  ex-  '"^^er  changing  the  pans  from  one  end  to  another 
tremities  of  the  f'e  balance  again  rests  horizontally,  the  arms  are 
beam,  called  the  almost  sure  to  be  equal.  Or  by  changing  the  weights 
points  of  suspension,  ft'oni  one  pan  to  another,  if  equilibrium  be  still 
support  the  scale-  retained,  the  lengths  of  the  arms  are  equal, 
pans,  one  of  which  The  weights  are  usually  of  brass  ;  but  the  smaller 
's  for  the  weights  ones  should  be  of  platinum,  which  is  not  liable  to 
1  the  other  for  oxidation  or  corrosion ;  and  the  weights  made  of  this 
the  substance  to  be  metal  can  be  cleaned  from  du-t  by  a  slight  wiping,  or 
by  momentary  exposure  to  the  flame  of  a  spirit-lamp. 
The  minute  weights,  such  as  the  fractions  of  a  grain, 
are  taken  up  by  means  of  small  brass  pincers  or 
forceps,  as  they  are  too  small  to  be  taken  up  quickly 
and  safely  by  the  hand.  There  is  also  danger  of 
moisture  or  other  extraneous  matter  being  communi- 
cated to  them  by  handling.  The  weights  are  furnished 
by  the  maker  in  sets,  from  500  troy  grains  down  to 
tenths  and  hundredths  of  a  grain.  These  weights 
are  frequently  arranged  in  a  geometrical  series, — 1, 
2,  4,  8,  16,  &c.,  grains — the  advantage  of  which  is 
that  a  smaller  number  of  weiglits  is  requiied  than  in 
any  other  system ;  but  the  decimal  division  is  conve- 
nient in  practice.  In  this  case  the  weights  would  be 
1,  2,  3,  4,  &c.,  up  to  10  grains ;  10,  20,  30,  up  to 
100;  100,  200,  300,  up  to  1,000;  1,000,  2,000,  up 
to  9,000.  For  the  fractions  the  weights  would  bo 
.1,  .2,  .3,  &c. ;  .02,  .03,  .04,  &c. ;  .001,  .002,  .003, 
ifec.  In  this  way  the  trouble  of  adding  is  avoided, 
for  the  number  of  weights  in  the  scale  is  equal  to  the 
digits  in  the  number  by  which  the  gi-auis  are  ex- 
pressed. Thus  a  load  of  735.4  grains  is  counted  by 
■  ;hts  of  700  grains,  30  grains,  5  grains,  and  4 
tenths  of  a  grain.  In  some  of  the  modem  forms  of 
balance  one  arm  is  divided  into  10  parts,  and  a  small 
iglit,  formed  of  wire  twisted  into  a  fork,  and 
igliing  iVth  of  a  grain,  placed  upon  one  of  the 
divisions  of  the  arm,  which  thus  acts  as  a  steelyai'd, 
indicates  from  Tooth  to  iwjrth  of  a  gram. 

The  accuracy  of  the  subdivisions  is  tested  by 
making  up  equal  quantities  from  different  weights, 
and  compaiing  them  together  in  the  balance,  a  large 
weight  previously  compared  with  a  standard  weiglit 
of  good  authority  being  tried  against  8  or  10  smaUer, 
as  the  100  grain  weight  against  weights  of  40,  30, 
10,  8,  5,  4,  2,  and  1 ;  and  then  again  from  a  quantity 
made  up  of  several  to  remove  some  aud  replace  them 
by  others,  as,  for  example,  for  the  30  gi-ain  weight  to 
substitute  a  10  and  four  5  grain  weights.  The  fractioa'? 
of  the  grain  shoidd  be  examined  in  a  similar  manner. 


'eigliiug  for  the  purposes  of  chemical  analysi 
or  amouQiins  to  the  thousaudth   of  a  gra 

lir   "f   iii|-ii  !,ii,r.'.     I'lil  should  the  anus 

I        :  ■       iMV  exact  result  can  st 

■  '  :ihle  weujhing  iiiveuted 
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viuiiiv  times  llie  wri-ht  of  (his  body  coutams  another 
wei-ht  of  kiio\TO  value.  Place  the  body,  which  we 
will  call  M,  ill  oue  scale-pan,  aud  produce  equilibrium 
by  pUieiug  iu  the  other  scale-pan  some  shot,  or  dry 
saud,  or  other  substance  in  a  state  of  minute  division, 
so  that  very  small  portions  may  be  added  or  sub- 
traeied,  as  occasi.m  rcf|uires :  by  this  means  the 
iMTi'lc  .■■!ii  111-  1m"I!;1iI  r-.:irilv  Iu  /,- ,11,  Ihcreby  indi- 

I  i.'.'i;,  'i,  .  \  ■<•■•:  .\  !  ,  ,;  L,,n\vn  weights 
IMilil  111.'  lii  :  II  :^.  ;i;_,.l;i  In -.  ^  'nu :  ;il.  'Hie  aiiiount  of 
this  weight  wiU  express  exactly  the  weight  of  the 
body  isi,  because  these  weights  beiug  placed  under 
exactly  the  same  circumstances  of  equilibrium  as  the 
body  M  produce  exactly  the  same  effect.  In  this 
way  it  is  not  only  possible,  but  easy,  to  weigh  truly 
with  a  false  balance. 

The  tendency  of  a  balance  to  return  to  and  oscil- 
late about  the  position  of  rest,  after  being  distvu-bed, 
is  eaUed  its  stability,  which  is  determined  by  the 
position  of  the  centre  of  gravity  below  the  pomt  of 
support.  Stability  is  far  more  easily  attained  (lian 
seiisilAlity,  or  the  tendency  of  a  l.iniiil  i.  J  imi'  mImh 
poised,  to  turn  when  a  very  siii.iH  1  ■     i^ht 

is  placed  in  either  scale.     In  t [in,  .   ii*     iii^Miiy 
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if  the  force  with  wliieh  the  first  ciulea^'ours  to  recover 
its  position  be  double  or  triple  that  of  the  second, 
tin'  !  ^ . .  '  i  I '  I ,  I  i  i-st  is  double  or  triple  that  of  the 
s  ■     ,1       III  1 1  lility  is  ascertained  by  comparing 

ill'  '  1 1  which  very  small  equal  weights 

hKi;:ic  i;a;  Ijulaiiuus.  Thus,  if  a  graiu  weight  put 
iuto  a  scide-pau  of  each  mclines  oue  balance  4  degrees, 
and  the  other  only  2  degrees,  the  first  is  twice  as 
sensible  as  the  second.  The  sensibility  of  a  balance 
is  also  ascertained  by  oli-,, .  Inv-  ilir  Mn.illcst  additional 

wei!,dit   (hat  will   (nil.  I    >'     ,    • paring   this 

addition  with  the  «lil'  I  -  I  ."  it  a  balance 
have  a  troy  pound  in  r:i.  Ii  iil  ,  u,,  ami  the  horizon- 
tality  of  the  beam  varies  by  a  small  {|uantity,  only 
just  perceptible,  on  the  addition  of  -riuth  of  a  graiu, 
the  balance  is  said  to  be  sensible  to  the  TTj^o^th 
part  of  its  load,  with  a  pound  iu  each  scale,  or  that 
it  will  determine  the  weight  of  a  troy  pound  within 
s7<i'oooth  of  the  whole.  Oue  of  the  most  sensible 
balances  ever  constructed  was  that  employed  for 
verifymg  the  national  standard  bushel,  the  weight  of 
which,  together  with  the  80  pouuds  of  water  which 
it  should  contain,  was  about  250  lbs.  With  this 
■n  eight  in  each  scale,  the  addition  of  a  single  graui 
occasioned  an  immediate  variation  in  the  index  of 
jVth  of  an  inch,  the  radius  being  50  inches;  so  that 
this  balance  was  sensible  to  -sTTomrsTth  part  of  the 
weight  to  be  determmed. 

The  sensibility  of  a  balance  is  usually  increased 
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by  increasing  the  length  of  its  arms ;  by  dimmishing 
the  weight  of  the  beam ;  by  diniinishiug  the  distance 
between  the  centres  of  gravity  and  motion ;  by 
diminishing  the  tlistancc  of  the  lino  joining  the  points 
of  suspension  from  the  centre  of  motion :  the  sensi- 
bility is  also  greater  when  the  load  is  smaller. 

Accurate  weighing  is  a  very  difficult  and  delicate 
operation,  requii-iug  numerous  precautions  which  the 
reader  will  find  clearly  stated,  together  with  a  large 
amount  of  information  iu  the  balance,  weigliing,  &c. 
in  the  second  section  of  Faraday's  invaluable  work 
on  "  Chemical  Manipidation." 

The  ordinary  weights  and  scales  for  common  pur- 
poses do  not  require  particular  description,  but  there 
are  various  modifications  of  the  lever  of  the  first  kind 
in  common  use,  which  are  used  as  weighing  machines. 
Such  is  the  Roman  siaiera  or  steelyard.  Kg.  SO, 
which  consists  of  a  beam  of  ii-on  resting  upon  knife 
edges  on  a  pivot,  with  one  arm  longer  than  the  other. 
If  the  shorter  arm  with  the  scale  be  sulfieiently 
heavy  to  balance  the  longer  arm  when  the  instrument 
is  unloaded,  the  beam  will,  of  coiu-se,  be  horizontal. 


The  substance  to  be  weighed,  w,  is  attached  to  a 
hook  on  the  shorter  arm,  aud  a  constant  weiglit,  r,  is 
made  to  slide  upon  the  longer  arm,  until  equilibrium 
is  estabUshed.  Now,  in  the  lever,  the  condition  of 
equilibrium  is  that  the  weight  w  multiplied  info 
its  distance  from  the  fulcrum,  is  equal  to  the  power 
or  counterpoise  P  multiplied  into  its  distance  from 
the  fulcrum.  Now  .as  the  distance  of  the  weight 
from  the  fulcrum  is  constant,  aud  the  counterpoise  is 
also  constant,  it  is  evident  that  in  whatever  propor- 
tion w  is  increased  or  dimiuished,  the  distance 
between  p  and  the  fulcrum  must  be  increased  or 
diminished  in  the  same  proportion. 

In  the  orduiary  steelyard,  the  centre  of  gi'avity  is 
not  at  the  fulcrum ;  so  that  wlien  the  weight  p  is 
removed,  the  longer  arm  usually  preponderates ; 
hence  the  graduation  of  the  instrument  must  be 
commenced,  not  from  c,  but  from  some  point  between 
s  and  c.  The  great  convenience  of  the  steelyard  is 
its  requiring  only  one  weight.  In  a  pan-  of  common 
scales,  a  load  of  10  lbs.  must  be  balanced  by  a  weiglit 
of  10  lbs.  making  together  a  load  of  20  lbs.;  but  iu 
the  steelyard,  a  weight  of  10  lbs.  may  be  balanced 
with  only  1  lb.,   making  together   a  load  of  only 


nil 


e  fuleru 


In  the  Danish  balance,  Tig.  8 
movable,   instead  of    the   counterpoise   r.    Fig.  S9, 
which,   in   this   case,   is   permanently   fixed   at  one 
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gravity  of  the  unloaded  beam,  the  graduation  must 
commence  from  that  point,  because  -nhen  the  loop 
of  the  movable  fulcrum  is  there,  it  poises  the 
unloaded  beam.  By  suspending  from  the  hook  at  tv, 
1,  2,  3,  &c.  lbs.  in  succession,  the  divisions  may  be 
found  to  which  the  fulcrum  must  be  removed  in 
order  to  produce  equilibrium,  and  the  weight  of  the 
.substance  in  the  scale  pan  is  indicated  by  the  number 
of  the  point  at  which  the  fulcnim  is  placed  when  the 
instrument  is  in  equilibrium. 

The  bent  lecer  balance  is  made  in  a  variety  of  forms, 
the  prmciple   of  wliich  will  be  understood  from  a 
Fig.  91.  common  form  shown  in 

Fig.  91.  It  consists 
of  a  bent  lever  a  b  c, 
movable  about  an  axis 
B.  To  one  end  of  the 
lever,  a  constant  weight 
c  is  fi.x.ed,  and  to  the 
other  end  a,  a  hook 
with  a  scale-pan  A  at- 
tached, for  containing 
the  substance  to  be 
weighed.  Through  the 
!,  draw  a  horizontal  line  A  B  D,  upon 
d  c  lot  fall  perpendiculars ;  then  if 
B  A  and  B  D  are  reciprocally  proportional  to  the 
weights  at  A  and  c,  they  will  be  in  equilibrio ;  but  if 
not,  the  weight  c  will  move  upwards  or  downwards 
along  the  arc  till  that  ratio  is  obtained.  As  the 
weight  in  w  depresses  the  shorter  arm  b  a,  its 
leverage  is  constantly  diminished,  while  that  of  the 
arm  c  B  is  constantly  increased.  When  c  counter- 
poises the  weight,  the  division  at  which  it  settles  on 
the  graduated  arc  expresses  its  amount.  The  gra- 
duation, of  course,  commences  at  the  point  at  wliich 
the  index  settles  when  there  is  no  load  in  w. 

[See  also  Weighing  Machines,  Weiguts  and 
Measure.s,  and  Appendix.] 

BALCONY.  (Italian,  balco  or  palco  ;  French, 
balcon.)  An  open  gallery  projecting  from  the  front  of 
a  building,  and  surrounded  by  a  rail  or  balustrade  of 
various  devices,  and  supported  by  eantalivers,  brackets 
or  columns.  A  balcony  may  be  constructed  of  wood, 
iron,  or  stone.  Cast-iron  is  sometimes  used,  and  at 
other  times  bar-iron  fashioned  into  crail  work  of 
various  figures.  Balconies  are  generally  made  on  a 
level  with  the  sUls  of  the  windows  of  the  first  floor, 
and  the  windows  are  generally  brought  down  to  the 
Qoor.  Sometimes  a  portico  or  porch  is  surmounted 
with  a  balcony,  in  which  case  the  balustrade  may  be 
of  stone,  iron,  or  wood. 


BALLAST.  (Anglo-Saxon,  be-hheslan,  to  kde  a 
ship.)  The  heavy  materials,  stone,  gravel  or  iron, 
placed  in  the  hold  of  a  ship,  in  order  to  make  tlie 
centre  of  gravity  correspond  with  the  trim  and  shape 
01  the  vessel,  so  as  to  be  neither  too  high  nor  too  low; 
neither  too  far  forwards  nor  too  far  aft.  The  object 
is  to  lade  the  ship  so  deep  that  the  surface  of  the 
water  may  rise  nearly  to  the  extreme  breadth  amid- 
ships. She  will  thus  be  able  to  carry  a  good  sail, 
incline  but  little,  and  ply  well  to  the  windwai-d.  Iron 
ballast  is  alone  used  in  the  Royal  Navy,  but  in  mer- 
chantmen it  is  of  various  kinds,  and  masters  aie 
obliged  to  declare  the  quantity  they  bear,  and  to 
discharge  it  at  certain  places.  Many  excellent  ports 
have  been  ruined  by  ballast  being  discharged  in 
havens,  roadsteads,  &c.  A  ship  is  said  to  be  in 
ballast  when  it  has  no  other  loading.  For  the  regu- 
lations respecting  ballast  the  reader  is  referred  to 
M'Culloch's  Dictionary  of  Commerce,  1S50. 

BALLISTIC  PENDULUM.    See  Appendix. 

BALLOON.    Sec  Aekostation. 

BALSAMS.  The  juices  of  certain  trees  and 
shrubs,  capable  of  being  applied  to  useful  purposes 
in  medicine  and  the  arts.  Balsams  contain  in  general 
benzoic  or  cinnamic  acid,  with  a  volatile  oil,  and 
resins  of  variable  consistency.  They  consequently 
vary  in  substance,  thickening  by  degrees,  and  some- 
times becoming  entirely  solid.  The  term  balsam  is  by 
some  writers  confined  to  those  juices  wliich  contain 
benzoic  acid  with  a  volatile  oil  and  resin ;  while  such 
as  contain  only  resin  and  volatile  oil  are  called  tur- 
pentines or  oleo-resius.  This  would  exclude  the 
balsams  of  Gile.id,  Copaiba,  &e.,  in  which  there  is  no 
benzoic  acid;  but  in  ordinary  language  these  continue 
to  be  ranked  among  the  true  balsams,  the  principal 
of  which  are  the  balsams  of  Peru  and  Tolu,  benzoin, 
storax,  and  liquidamber.  Peru  balsam  is  obtained 
from  a  braneluiig  elegant  tree  {Myrospermnm  Pe- 
ruiferum),  growing  in  Peru,  New  Granada,  &c.,  and 
is  imported  in  two  states,  one  called  wliite,  the  other 
black.  The  former  is  the  spontaneous  exudation 
from  the  tree,  the  latter  the  result  of  boiling  the 
bark  and  branches.  The  black  balsam  is  the  ordinary 
form.  It  is  imported  from  Valparaiso  in  canisters 
or  earthen  pots,  is  of  the  consistence  of  treacle,  and 
on  account  of  its  high  price  is  extensively  adulterated 
with  turpentine,  copaiba,  or  volatile  oil.  1,000  parts 
genuine  black  balsam  ought  to  saturate  75  parts 
pure  carbonate  of  potash.  Black  balsam  is  fragrant, 
and  is  therefore  employed  as  a  perfume  for  pomatums, 
sealing-wax,  lozenges,  &c.,  and  occasionally  for 
chocolate  and  liqueurs.  Balsam  of  Tolu  is  obtained 
from  a  closely  allied  species  of  tree,  if  not  from  tho 
same  species  as  that  which  yields  Peru  balsam.  It 
has  the  taste  and  odour  of  the  white  balsam  of  Peru, 
and  its  constituents  are  the  same.  These  biJsams 
scarcely  differ,  except  that  in  Tolu  there  is  a  facility 
of  becoming  resinified,  which  does  not  exist  in  the 

Benzoin,  improperly  called  a  gum,  and  known  as 
Gum  Benjamin,  must  rank  among  balsams  and  resins. 
It  is  quite  insoluble  in  water,  and  is  the  hardened 
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Lind  fragrant  juice  of  a  tree  (S/j/rax  Lcuzoin,  or 
Lithocarpus  benzoin)  growiiig  in  Suiiiiitra,  Borneo,  &c. 
in  comuierce  it  is  met  with  in  cakes,  tlie  best  of 
wliioh  are  of  a  light  yellowish  or  fawn-colour,  with 
portions  of  an  almond  shape,  whiter  than  the  rest. 
This  is  from  the  younger  trees,  and  is  called  Benzoe 
amygdahides.  The  chief  use  of  benzoin  is  in  yielding 
benzoic  acid,  but  it  is  also  much  employed  in  per- 
fumery, and  helps  to  give  the  peculiar  fragrance  to 
the  incense  burnt  in  Roman  Catholic  censers.  It  is 
likewise  an  ingredient  in  varnishes,  for  such  articles 
as  are  liable  to  be  much  handled,  its  fragrance  being 
evolved  by  the  heat  of  the  hand.  Por  the  same 
reason  it  is  added  to  the  spirituous  solution  of  isin- 
glass, of  which  court-plaster  is  made. 

Storas  belongs  to  the  same  natural  family  as 
benzoin,  beiag  the  product  of  Styrax  offieinalh,  a 
handsome  shrub,  a  native  of  Syria,  Italy,  and  most 
parts  of  the  Levant,  and  common  all  over  Greece 
and  the  Pelopoimesus.  The  storax  of  commerce  is 
obtained  from  Asiatic  Turkey.  It  is  proeui-ed  by 
incisions  in  the  bark  of  the  tree,  whence  oozes  a 
lif|uid  resinous  substance  which  hardens  in  tears 
about  the  size  of  peas,  and  these  in  masses,  oon- 
sT.itute  the  rare  and  valued  Styrax  albus.  Various 
qualities  are  met  with  in  commerce,  but  the  ordiiiaiy 
kinds  arc  largely  adulterated  with  saw-dust  and  resui. 
Storax  was  formerly  imported  wrapped  in  a  leaf 
under  the  name  of  reed  or  cane  styi-ax,  (Styrax 
calamila,)  but  the  substance  now  so  called  is  a  black 
or  brown  article  in  powder  or  in  grains,  or  in 
agglutinated  lumps.  Another  kind  common  in  the 
drug  market  is  called  liquid  storax,  and  is  a  dark, 
coloured  substance  with  a  disagreeable  odour-,  more 
rcstniljliiig  coal-tar  than  balsam.  Por  medical  pur- 
|,u>-.  ,  !i  I  111  I .  iiv  to  pui'ify  storax  in  alcohol,  and 
ill  1  I   i    :  '.iNam  is  used.     There  is  another 

mi:        .     ,  I  mix  in  eoramorce  which  is  often 

I  III!.  I  I.  I  V,  !i  iliis;  but  is  the  product  of  the 
/,  /:'/</,  belonging  to  the  natui-al  family 

/:  1  I     line  tree  grows  in  Mexico  and  the 

I  ;:  >,i  r-  ,  I  ,  :iii.i  rescmblcs  our  lesser  maple.  A 
riaL;iMiil  rcsm  cxvulcs,  but  not  very  copiously,  from 
incisions  in  the  stem,  and  this  becoming  dry  and 
opaque  forms  the  soft  or  white  liquidamber. 

Aniong  balsams  or  oleo-resins  in  which  there  is  an 
absence  of  benzoic  acid  are  the  followincr.  '  ;  ''- 
or  Copaioa  Balsam  obtained  from  various  ^;  -  ■  ; 
Copai/era,  trees  growing  in  South  Aiiici  i.  '  I 
bidsam  flows  freely  from  the  stem  as  a  clrar  tiaa-- 
parent  liquid  like  olive-oil,  but  thickens  afterwards. 
I'rom  it  are  prepared  essential  oU  of  copaiba,  resin  of 
copaiba,  and  copaivio  acid,  employed  in  medicine. 
The  balsam  is  also  used  for  making  paper  trans- 
parent, and  for  certain  kinds  of  lacquering.  3Iecca 
Balsam  is  the  produce  of  a  shrub  (Amyris  Gileadensis) 
growiug  at  Gilead  in  Judea.  It  is  turbid  wlini 
fresh,  but  becomes  clear  and  transparent  bv  d.  _n  r 
Chinese  varnish  and  Japan  lac  varnish,  w  li-  ■  ! 
betoken  their  origin,  are  both  valuable  x 
The  former  is  soluble  m  alcohol  and  ethcf,  i  i.i  t  ^  : 
in  oil. 


BALUSTRADE.  (Latin  balaslrum,  a  space  in  the 
ancient  baths  that  was  railed  in.)  A  range  of  small 
columns  or  balusters  supportiug  a  cornice  and  used 
as  a  parapet  or  a  screen  to  conceal  the  whole  or  a 
part  of  the  roof.  Balustrades  are  idso  em^iloyed  on 
the  margins  of  staii-s,  or  before  windows,  or  to  inclose 
terraces  or  balconies  by  way  of  security ;  or  to 
separate  one  place  from  another,  as  around  altars, 
fonts,  or  on  the  sides  of  the  pn.3saa;e  way  of  bridges. 
The  word  ;■;  --a-tia--^  ia-^v;-:';  "•■■r!t'4«;//s('£'/-. 

BAKi.la;i;\      -  ,  \     l  aialy    of    plants 

beari:i.ii  ai  ill  linii.aal  L,.:.ia  i'  a.aic  lu  the  natural 
onlcr  JJcrbt'i-idair.r.  The  cniiiiiiuu  barberry  is  agrace- 
ful  shi-ub,  well  kno^vu  in  England  as  well  as  in  most 
temperate  climates.  Do  CandoUe  speaks  of  it  as 
cxtcndino'  from  Caudia  to  Christiana ;  but  neither 
1 1, ,  I  .  (  :,  ,  III  any  other  of  the  family  has  been  met 
-  :  ;  -,  I  Vastralia,  or  the  South  Sea  Islands. 
li,  .....i;..  ,,;  1.;  I,  uJcs  the  barberry  affects  the  valleys, 
ill  fiuulliciii  llic  mountains;  it  is  found  on  Mount 
Mm  at  the  neight  of  7,500  feet.  In  North  and 
South  America  it  is  well  known,  and  has  been 
observed  far  south,  near  the  straits  of  MageUau. 

The  fruit  of  this  shrub  is  a  cluster  of  drooping 
berries,  of  a  beautiful  coral  red.  Owing  to  the  oxalic 
acid  they  contain,  these  berries  are  very  sour, 
but  they  form  with  sugar  an  agreeable  preserve,  for 
sweetmeats,  tarts,  &c.,  and  an  excellent  jelly.  A 
cooliiig  drink  is  made  from  them  for  invalids,  and  they 
are  also  pickled  with  vinegar,  as  a  garnish  for  dishes. 
But  it  is  OU  account  of  the  yellow  ooloui-ing  matter  and 
astringent  properties  of  the  stem  and  bark  that  the 
barberry  has  a  place  in  our  pages,  for  these  make  it 
useful  as  a  dyeing  material.  The  root  is  also  bitter 
and  styptic,  and  is  11-  i  m  I'l-liil  <■<  ^Ive  a  yellow 
colour- to  leather.  Ari  1  :'rh,risliiictunu) 

has  a  similar  reputai        :  i        a  good  yellow 

colouring  material,  aai  a!  i  I  hm  Ins  a  decoction 
wliich  is  said  to  give  rcHcf  in  eases  of  ophthahnia. 
The  colouring  matter  is  fomid  in  the  whole  of  the 
root,  but  in  the  stem  it  is  only  deposited  round  the 
pith  and  near  the  bark;  the  great  bidk  of  the 
woody  fibre  contains  no  colour.  As  the  natives  of 
India  are  skilful  in  making  extracts,  it  has  been 
siigi;csted,  that  the  coloui-ing  matter  be  sent  to 
r.MjIaiid  in  that  form,  and  without  the  additional 
'  I  i.r  the  woody  fibre.  The  colour  is  quite  as 
as  that  of  the  European  root  which  we  import 
1,  ai  Cologne  and  Hambui-g.  Siberian  barberry  is 
known  among  (he  Mongol  Tartars  as  Yellow-wood, 
and  is  applied  by  them  to  superstitions  as  well  as 
medicinal  uses.  There  are  several  varieties  of  the 
common  barberry,  differing  but  little  in  general 
character,  but  varying  in  the  appearance  of  the  fruit. 
Besides  the  well-known  red-fnuted,  there  are  thewliits 
or  yellow-fruited,   the  slonclcss.  the  violet,   purple 

:  ,  :    ■  ,  •    ■  a  '; '     'i     ■  I    lir  colour  of  tho 

I  green.     This  variety  is  foimd  wild  in  Austria. 
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BA_RGE-BOARDS— BARGE-COUPLES— BARGE  COURSE— BARIUM— BARK . 


'Ihe  Barberry  is  iiiterestmg  to  natui-alists 
account  of  a  remarkable  property  of  its  stamc 
The  in-itability  of  these  organs  is  such,  that  when 
the  point  of  a  pin  is  lightly  applied  to  the  filaments, 
they  beud  forward  towards  the  stigma,  and  after- 
wards partially  rise  again.  Experiments,  with  different 
powerfid  agents,  have  been  tried,  and  it  is  found  that 
this  irritability  is  destroyed  by  poison.  Arsenic  and 
corrosive  sublimate  render  the  filaments  too  stifl'  and 
brittle  to  act,  while  prussio  acid,  opium,  and  bella- 
donna make  them  too  relaxed  and  flaccid.  Erom  these 
curious  facts,  it  is  iof erred  that  there  is  in  plants 
something  analogous  to  the  nervous  system  in  human 
beings,  and  that  iu  both  cases  it  is  more  highly 
developed  iu  some  individuals  than  in  others. 

The  barberry  is  infested  by  a  minute  fungus  or 
blight,  (/Ecidiim  berberidis,)  which  fixes  on  the  ten- 
derest  parts,  and  scatters,  from  thousands  of  small 
tubidar  openings,  the  orange-colom-ed  dust  which  is  so 
commonly  seen  on  the  leaves  and  flowers  of  this  plant. 
Tills  dust  consists  of  a  countless  multitude  of  sporules, 
and  it  is  their  presence,  doubtless,  which  has  given 
rise  to  the  idea  that  the  barberry  communicates 
blight  to  wheat  fields.  The  rust  which  infests  corn 
is  indeed  of  the  same  colour  as  the  barberry  bhght, 
but  it  is  quite  a  different  fungus,  and  the  one  can 
never  propagate  the  other.  Supposing,  therefore, 
that  there  are  any  grounds  for  the  popular  opinion  as 
to  the  injurious  nature  of  barberry  bushes  to  wheat, 
these  are  yet  unexplained,  and  cannot  be  assigned  to 
the  presence  of  the  parasite. 

BARGE-BOARDS.  The  inclined  projecting  boards 
placed  at  the  gable  of  a  building,  and  hiding  the 
horizontal  timbers  of  a  roof.  They  are  frequently 
carved  with  various  ornaments. 

BARGE-COUPLES  are  two  beams  mortised  and 
tenoned  together  for  the  purpose  of  increasing  the 
strength  of  a  building. 

BARGE  COURSE.  The  part  of  the  tilhig  which 
projects  over  the  gable  of  a  bmldiug,  and  which  is 
made  good  below  with  mortar. 

BARILLA,      See  Soda. 

BAMUM.  The  metallic  basis  of  baryta.  It  may 
be  obtained  by  strongly  heating  baryta  in  an  ii'on 
tube  through  which  the  vapour  of  potassium  is  con- 
veyed. The  potassium  combines  with  the  oxygen  of 
the  baryta,  and  reduces  the  barium,  which  may  be 
extracted  by  mercury  and  distilling  the  amalgam  in 
a  small  green-glass  retort.  Bixrium  is  a  white  metal 
with  the  colour  and  lustre  of  silver ;  it  is  malleable, 
fuses  below  a  red  heat,  decomposes  water  and  oxidizes 
in  the  an.  Its  equivalent  is  68.55,  and  its  symbol 
isBa. 

The  oxide  of  Barium,  BaO,  called  baryta  or  barytes, 
occurs  abundantly  in  natui'e  as  carbonate  and 
sulphate,  formiug  the  vein-stone  in  many  lead  mmes. 
Pure  baryta  may  be  obtained  by  decomposing  the 
crystallized  nitrate  at  a  red  heat.  The  baryta  is  a 
greyish  spongy  mass,  fusible  at  a  high  degree  of  heat. 
It  forms  a  hydrate  with  water,  with  great  elevation 
of  temperature.  The  hydi'ate  is  a  white  soft  powder, 
which  has  a  great  attraction  for  carbonic  acid,  the 


smallest  trace  of  which  renders  its  solution  instantly 
turbid.  Water,  saturated  with  carbonic  acid,  dissolves 
sioth  part  of  baryta,  forming  what  is  called  baryla 
water,  which  is  a  useful  test  for  carbonic  acid.  Of 
all  the  bases,  baryta  has  the  strongesrt  affinity  for 
sulphiu'ic  acid,  and  is,  therefore,  used  either  iu  the 
state  of  baryta  water  or  iu  th.at  of  one  of  its  neutral 
salts,  as  the  nitrate  or  muriate,  to  detect  the  presence 
and  determine  the  quantity  of  that  acid  in  any  solu- 
ble compound.  The  peroxide  of  Barirun,  BaOj,  has 
not  much  interest  iu  the  useful  arts,  and  indeed,  the 
whole  subject  of  tliis  article  belongs  rather  to 
scientific  chemistry.  The  sulphate  of  baryta,  or  heavy 
spar,  BaO,  SO3,  is  used  as  a  pigment  under  the 
name  of  permanent  white,  but  chiefly  for  the  pm-pose 
of  adidterating  white  lead ;  but  as  it  does  not  form  a 
body  with  Hnseed  oO,  its  presence  is  injurious. 
Sulphate  of  baryta,  on  aecormt  of  its  cheapness  and 
weight,  is  also  employed  in  other  cases  of  adulteration. 
The  native  sulphate  was  employed  by  "Wedgwood  in 
the  manufacture  oi  jasper  tcare,  and  for  the  production 
of  opaque  white  patterns  and  figures  upon  a  coloured 
ground.  The  specific  gravity  of  the  native  sulphate 
is  as  much  as  4.7,  and  that  of  baryta  is  about  4; 
hence  its  name,  as  being  the  heamest  (fiapis,  heavy) 
of  the  substances  usually  called  earths.  Nearly  all 
the  barytic  compounds  are  poisonous,  but  the  sid- 
phate  of  baryta  is  harmless;  the  best  antidote, 
therefore,  for  tlie  soluble  barytic  salts,  is  a  solution 
of  sulphate  of  soda. 

BARK.  The  outer  rind  of  plants,  which  in  some 
oases  yields  an  astringent  principle  called  tannin, 
highly  useful  in  medicme  and  the  arts.  The  most 
important  kinds  of  bark  in  a  commercial  point  of 
view  are  undoubtedly  Oak-bark  and  Peruvian  bark. 
Oak-bark  was  for  a  long  time  the  only  substance  used 
in  Eugland  for  tanning  leather,  and  is  stiQ  preferred 
before  all  other  substances,  although  larch-bark  has 
come  into  extensive  use.  Oak-bark  is  powerfully 
astringent,  and  would  probably  have  remamed  the 
sufficient  and  only  tanning  material,  had  there  not 
been  a  failure  in  the  supply,  which  induced  a  search 
after  other  substances,  and  led  to  those  experiments 
of  the  scientific  of  former  days,  and  latterly  of  Sii- 
Humphry  Davy,  by  which  several  other  barks  yieldmg 
taiuiiug  materials  were  brought  conspicuously  into 
notice.  Davy  has  ascertained  the  relative  value  of 
various  substances  iu  this  respect,  showing  that 
3Mbs.  of  oak-bark  are  equal  to  2ilbs.  of  galls,  to  31bs. 
of  sumach,  to  T^lbs.  of  the  bark  of  the  Leicester 
willow,  to  11  lbs.  of  the  bark  of  the  Spanish  chest- 
nut, to  IS  lbs  of  ebn-bark,  and  to  21  lbs.  of  common 
wiUow-bark.  The  importation  of  common  oak-bark 
has  somewhat  decUned  of  late  years,  but  is  still 
very  considerable  from  Belgium,  Holland,  Germany, 
Italy,  Spain,  Norway,  and  Australia.  There  is  a  kind 
of  oak-bai'k  imported  from  the  United  States,  called 
Quercitron,  the  produce  of  the  Qitercits  tinctoria, 
used  in  tanning,  and  also  in  giving  a  yellow  dye  to 
silk  and  wool.  The  colom-ing  matter  obtained  from 
this  bark  is  equal  to  that  obtained  from  eight  or  ten 
times  its  weight  of  weld.     The  useful  properties  of 


B.UIK— BAELKY. 


Quercitron  were  discovoroH  and  applied  by  Dr. 
Bancroft,  who  patented  his  invention  in  1775.  In 
the  parliamentary  returns  of  bark  imported  into  the 
United  Kingdom,  there  is  no  distinction  made  between 
the  bark  for  tanning  and  dyeing  purposes.  The  quan- 
tities imported  in  the  years  1S5S,  1S59,  and  18G0  were 
319,838,  400,820,  and  418,069  cwfs.,  respectively. 
The  duty  has  been  repealed.  The  proportion  of  tannin 
in  oak-bark  varies  greatly  with  the  season,  and  with 
the  age  of  the  tree.  [See  Leatuee.]  Young  trees 
barked  in  spring  yield  by  far  the  largest  amount. 
Tlic  operation  of  barking  is  thus  performed : — "When 
llic  tree  is  felled,  and  before  it  has  been  deprived  of 
its  larger  branches,  the  whole  are  stripped  of  their 
bark  by  women  called  barkers,  each  fiu-uishcd  with  a 
Light  short-handled  mallet  made  of  hard  wood,  the 
face  of  wliich  is  about  8  inches  square,  and  the  other 
end  sharpened  like  a  \vi  n_.      AVI''i  !'i.   -';,;i  >  y  ,  [  an 

straight  line,  wliilc  tr- 

pomted  instrument  calli  .',!  lir  '  -'",     A    !,i\ri- 

shaped  instrunient  caUcd  a  iirdliiij-iroii  is  then  forced 
between  the  bark  and  the  wood,  separating  the 
former  without  difiiculty  in  entire  pieces.  Tlicse  aj-e 
carefidly  dried  for  two  or  thi-ee  weeks,  and  then 
piled  in  stacks  and  sold  to  the  tanner. 

Next  in  importance  to  oak-bark,  is  the  Peruvian  or 
Jesuits'  Bark,  well-known   as  a  valuable  medicine. 
or  i'i,  I'    .,    :;:    Uireo  principal  species,  known  in 
/  and  yellow  baik     The  fiist  is 
a  laiicifoha,  and  is  the  ongmal 
(  I  It  IS  leceived  in  chests  eo\eied 

1  ith  kus  c  icli  c  )ut\iiung  about  200  lbs ,  eousistmg 
of  pieces  8  oi  10  inches  long,  and  smgly  oi  doubly 
qidlled,  01  lolled  mwauls  It  is  of  a  pale  fawn  oi 
cinnamon  eoloui,  and  has  veiy  httle  odoui  while  chy, 
but  the  decoction  is  agreeably  aromatic  Tlie  taste 
IS  a  fine  bitter,  but  austere     This  species  is  becoming 

obtained  from  Cunl  il 

Andes,  and  is  lectn  I  I  > 

to  130  lbs  each     Tl 

quiUed,  the  mteinal  pait  liLm^'  wmdy,  and  ot  i  lust 
led  colour  Red  baik  has  a  weak  peculiar  odour,  and 
a  less  bittei,  but  more  nauseous  taste  than  the  othei 
baiks  The  thud,  oi  yellow  bark,  is  the  pioduce  of 
Ondtona  cor^ifoha,  gi owing  m  Qmto  and  Santa  Pe 
The  chests  contain  fiom  90  to  100  los  each,  m  pieces 
fiom  8  to  10  inches  long,  some  quilled,  but  the 
greater  part  flat.  The  interior  is  yellow  approaching 
orange-colour.  It  has  nearly  the  same  odour  in 
decoction  as  the  pale,  and  has  a  more  bitter  and  less 
austere  taste.  If  the  colour  of  the  specimen  be 
variable,  it  is  not  of  the  first  quality,  and  if  it  be 
dark  between  red  and  yellow,  it  should  be  rejected. 
The  medical  uses  of  Peruvian  bark  are  said  to  have 
been  first  discovered  by  the  Jesuits.  This  im- 
portant substance  was  brought  to  Eui-ope  in  1032, 
but  was  not  much  used  till  the  latter  end  of  the  seven- 
teenth century.  Humboldt  estimates  the  quantity 
now  annually  exported  from  America  at  from  12,000 


to  11,000  quintals.  Li  the  pale  Pemvian  bark  there 
exists  a  principle  caUed  cinchonia,  and  in  the  yellow 
bark  an  analogous  but  distinct  principle  called  quinia, 
both  of  which  are  obtainable  by  a  somewhat  expensive 
process,  and  are  abundantly  prepared  for  medical  use. 
The  valuable  properties  of  the  bark  are  thus  available 
m  a  concentrated  form.  Sulphate  of  Quinia  or 
Quinine  is  now  an  object  of  especial  attention,  and 
is  manufactured  both  in  this  country  aud  on  the 
continent  to  a  very  great  extent.  The  annual  export 
from  Paris  alone,  is  estimated  at  120,000  ounces. 

BARLEY.  An  important  grain  for  malting  pur- 
poses, but  a  bad  bread  corn  :  "  Grassier  comme  pain 
d'orge "  is  a  French  proverb.  Barley  is  extensively 
cultivated  in  most  temperate  climates,  and  is  even 
raised  within  the  tropics,  but  not  at  a  lower  elevation 
than  about  four  thousand  feet.     Tlie  principal  sowing 

■1-^      i     ! :.  T'.     <  I.  ;,  uiiicraUy  follows 

i      ,  •■         iii|M,rtant  in  the 

^■^'||■in   .:,il  ip,.   i    ;  .   ;      ,         T  !  •    M/klom  follows 

then  only  under  c; :   ,  ,      s.     The  produce 

varies,  according  tn  i  1 1  n,  and  preparation 

of  the  soil,  from  -2.)  lu  CM  ui  ,u  Ijushcls  per  acre. 
From  30  to  -10  bushels  is  a  usual  crop.  The  nutritive 
matter  obtained  from  barley  is  reckoned  at  G5  per 
cent. ;  that  of  wheat  at  78  per  cent.  A  bushel  of 
barley,  weigliing  501bs.,  will  consequently  contain 
about  321bs.  of  nutriment.  The  barley  crop  is  of 
great  importance  in  England,  and  occupies  the  ground 
about  four  months.  The  best  barley  counties  are  the 
middle  line  of  counties  from  east  to  west.  In  Egypt 
and  similar  genial  climates  two  crops  of  barley  may 
be  raised  in  the  same  year ;  one  in  spring,  from  seed 
sown  the  previous  autumn,  and  one  in  autumn,  from 
a  spring  sowing.  By  the  had  which  desolated  Egypt 
dm-iug  the  sojourn  of  the  chUch-en  of  Israel  "  the 
flax  and  the  barley  were  smitten  :  for  the  barley  was 
in  the  ear,  and  the  flax  was  boUed.  But  the  wheat 
and  the  rye  were  not  smitten ;  for  they  were  not  come 
up." — ^Exod.  ix.  31.  This  event  is  computed  to  have 
happened  in  the  month  of  March,  at  which  time  the 
iii-st  crop  of  barley  was  nearly  ripe,  and  tlie  flax  ready 
to  pud.  But  the  wheat  and  rye  sown  in  spring  wero 
not  sufficiently  forward  to  receive  injury. 

Pot  barley  is  barley  deprived  of  its  outer  skin.  Pearl 
barley,  also  called  Scotch  or  Fi'ench  barley,  is  barley 
deprived  not  only  of  the  skin,  but  of  a  portion  of  the 
grain,  leaving  merely  a  small  round  kernel.  Both  pre- 
parations are  made  by  means  of  tin'  xih.i  l.ia-l  nf  luill, 
but  the  pearl  barley  receive^  a   .         ,    ;  i  the 

gruidiug  process.     The  grain  i    .  :  :  it  is 

ground.  The  sunplest  form  o I  ..nN,  :  a.i  ih;::  which 
is  now  in  use  on  the  Continent,  rcscmljlcs  a  common 
flour-mill,  with  two  miU-stones,  each  about  three  feet 
in  diameter,  one  fixed,  the  other  revolving  over  it. 
The  upper  stone  has  six  grooves  cut  in  the  lower 
surface,  from  the  centre  to  the  circumference  (Fig.  92), 
and  a  perforation  in  the  centre.  It  revolves  on  a 
vertical  axis  of  iron,  the  lower  point  of  which  moves 
in  a  metal  cup  fixed  on  an  elastic  horizontal  beam 
u2 


cl  to  (lie  lower,  and  so 
close  fo  it  as  to  rub 
witliout  crusliiag  the 
graiu  wMcli  passes  be- 
tween them.  The  mill 
is  fed  by  a  hopper, 
through  the  central 
opening,  as  in  the  com- 
mon com-miU.  The 
*  stones  work  in  a  cvlin- 
drical  box  or  case,  the 
top  of  which  is  of  wood, 
a  cii-cidar  opening 
corresponding  to  that  of  the  stones.  The  cu-cum- 
fereuee  of  the  bos  is  of  thin  iron  plates,  punched 
with  mmierous  holes,  so  as  to  resemble  a  nutmeg- 
grater,  the  rougli  surface  of  which  is  within,  and 
assists  the  operation  of  removing  the  skin  from  the 
barley.  Before  beiug  placed  in  the  hopper,  the 
barley  is  slightly  moistened  with  water,  and  turned 
two  or  three  times,  in  order  to  loosen  the  skin ;  it  is 
tnen  gradually  supplied  by  the  hopper  to  the  action 
of  the  stones:  it  enters  the  grooves  in  the  upper 
stone,  and  is  wliiiied  roimd  at  the  rate  of  two  or 
three  hundred  revolutions  per  aninute,  thus  breaking 
the  skin,  and  strongly  rubbing,  but  not  crushing,  the 
grain  against  the  under  stone.  It  is  then  driven  off 
with  considerable  force  against  the  gratiag  surface  of 
the  cylinder,  which,  together  with  the  current  of  air 
produced  in  the  process,  completely  removes  any  re- 
maining skin  from  the  grain.  From  the  cylinder  it 
is  let  out  through  a  square  opening,  and  falls  on  a 
sieve,  where  the  naked  barley  is  separated  from  the 
bran.  The  greater  part  of  the  fine  particles  of  barley 
escape  through  the  holes  in  the  cylinder  during  the 
process ;  therefore,  to  avoid  waste,  a  cloth  is  fastened 
round  the  cylinder,  and  guides  the  meal  into  a  bin 
below.  This  mill  answers  very  well  for  pearl  barley, 
but  for  simply  removing  the  skin,  or  making  pot 
barley,  it  has  these  disadvantages, — that  it  requires 
^•reat  nicety  in  the  adjustment  of  the  stones,  and 
that,  with  every  precaution,  the  barley  is  ground 
unequally,  the  larger  grains  losing  more  of  their 
substance  than  is  desirable. 

The  supply  of  pearl  barley  to  tliis  country,  and 
mdeed  to  the  rest  of  Em-ope,  was  formerly  a  Dutch 
import;  hence  it  was  called  Dutch  pearl  barley  ;  biii 
at  present  the  manufacture  is  largely  carried  on  within 
our  own  dominions,  and  we  receive  the  larger  portiun 
of  our  pot  and  pearl  barley  from  Scotland.  The  mill 
commonly  used  in  that  country  consists  of  one  ordi- 
nary grindstone,  such  as  cutlers  use,  revolving  on  a 
horizontal  axis,  passing  through  the  centre  of  an 
outer  case,  shown  in  section  abed,  and  entii-e  in 
Fig.  94,  which  moves  at  a  slower  rate,  by  the  means 
shown  in  Fig.  9i.  The  outer  ease  is  moved  by  a 
pinion  M.  fixed  to  the  spindle  k,  at  the  opposite  end 
of  which  is  a  drum,  connected  by  an  endless  band 
with  the  mp^iug  power.  The  stone  I  is  also  moved 
■  by  a  similar  contrivance.  The  pinion  m  is  fixed  to 
the  spindle  u  by  means  of  a  brass  bush  iitted  into  the 
centre  of  the  pioion,  and  then  bored  exactly  to  fit  a 


conical  place  in  the  spindle  e.     Below  the  base  of  the 
'■,  to  keep  the  pinion  m  firm 


upon  the  ec 


^by 


bolts  which 
bring  the  pinion 
firmer  to  the  base 
of  the  cone.  On 
tlie  other  side 
the  pinion  are 
two  projections 
or  snags,  1,  which 
take  into  similar 
projections  on  the 
end  of  the  catch 
2  5.  This  catch 
slides  along  the 
spindle  ii  by  mov- 
ing the  lever  y, 
but  goes  round 
with  the  spindle 
by  means  of  two 
tongues  fixed  on  y 
the  opposite  sides  '^- 
of  thespmdle,  one 
of  which  is  partly 
visible  at  4.  Tvvo  grooves  arc  cut  in  the  inside  of 
the  catch,  to  admit  the  tongues,  in  order  to  carry  the 
catch  round  with  the  spindle.  The  wheel  N  o,  having 
102  teeth,  and  a  diameter  of  4  feet  1\  inches  to  the 
pitch  stroke,  is  screwed  to  the  sides  of  the  dnim  that 
incloses  the  stone.  Tliis  drum,  which  is  shown  in 
section  a  6  c  d,  is,  lined  with  milled  iron,  pierced  with 
small  holes,  in  order  to  permit  the  escape  of  the  dust, 
and  to  act  as  a  grater  to  the  barley. 


^Vlien  the  diimi  is  turned  round  by  tlie  wheels 
already  described,  it  is  supported  and  kept  clear  of 
the  stone  by  the  collars  &  i.  The  collar  k  is  larger 
than  i,  in  order  to  give  room  to  the  spout  P,  to  fill 
the  drum  with  barley.  This  is  effected  by  a  thin 
plate  of  iron  1%  about  an  inch  larger  in  diameter  than 
the  inside  of  the  collar,  which  is  kept  close  to  the 
side  of  the  collar  next  the  stone  by  the  staple  /  on 
each  side  of  the  stone  spmdle.  The  other  end  of  it 
is  kept  fast  by  the  cover  of  the  pillow-block  m.  In 
the  plate  *  a  hole  is  cut  for  the  end  of  the  spout. 
When  the  barley  is  made,  the  drum  is  stopped  by 
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pulluig  the  lever  x  towards  /  A  small  sluice  wliich 
is  upon  the  side  of  the  drum,  Fig.  94,  is  then  opened, 
and  the  barley  is  allowed  to  ran  off  into  the  trough 
Q.  When  the  di-um  is  thus  emptied,  the  skuoe  is 
shut,  and  the  lever  n  is  moved  back,  by  whieh  means 
the  wheel  m  engages  with  the  spindle  R  by  the  catcli 
2  5,  and  the  sluice  x  being  opened,  the  drum  is  fJled 
with  fiesh  barley  When  this  macl  ine  is  set  in  motion 
the  baiiey  is  so  thoiouglily  tossed  and  beaten  between 
the  stone  and  the  cise  owu  g  to  the  double  motion 
that  it  is  entirely  dcpm  ed  of  its  skin  and  if  the 
piocess  be  continued  it  also  loses  a  fuithei  poition 
of  its  substance  and  becomes  peail  bailey  By  means 
of  this  nnolime  thieo  bushels  ot  bailev  nay  be  con 
verted  into  pot  bailey  m  an  ho  u  and  mto  peail 
bailey  m  two  homs 

BAllM     Another  name  foi  Yeast  piubably  fiom 
ia;  e     to  raise      See  Beer 

BiROJIETER       Tie  apphextion  of  this  woid 
from  /3apor  we  ^lit    and  fuTpov  a  measuie    is  not 
very  ajpiopiiate  the  coinu  on  balance  bciig  lather 
a  measuiti  of  weight  than  this  mstnimeut   which 
meiely  indicates  oi  measuies  the  vaiiations  m  the 
press  ue  of  the  atmospheie     The  baio  i   1 
of  the  most  val  lable  mstiuments  evei 
assistu  g  the  phdosopher  m  seaichmg  o  t 
the  woiiderfid  ocean  of  au  m  which  w    1 
invention  belongs  to  a  highly  mtcrestu      [        ! 
the  histoiy  of  science     Some  tmie  pic  i     ->  t     tl 
year  iriB    a  pump  was  suiil    at  rioicnce  for  the 
purpose  of  ra  smg  water  froi  i  an  luiusually  g  eat 
depth  when  upon  woiking  i*"  it  was  foiuid  that  the 
watei   would   rise  no  h  gher  than  al  o  it   32   feet 
Gableo  was  eonsultt  1    but  1  e  did  not  explain  the 
plenomei    u       t    f    )     1  \itei    his    death    hs 

pupil    T  1        1         meditated  on  the 

subject     1  rxpeimient    m  the 

year  ab  k  a  glass  tube   about 

4  feet  111  1  id  and  open  at  the 

ohei  aul  1  g  I II  I  it  (h  lueicuiy  closed  the 
open  end  with  his  fiugei  mveite  1  it  and  placed  the 
o]  en  end  below  tl  c  s  irfaee  of  mercury  contained  m 
a  1  II     I    n-  tl  c  tube  in  a  vertical  position  he 

a  id  observed  that  the  meicuiy 
tarn  distance  and  aftei  a  few 
I    I  tl  c  height  of  abo  it  271  inches 
al    X    tl  t  the  mcicuiy  m  the  bas  i'     On 

Loraparn  g  tl  c  height  of  the  col  imn  of  i  eie  iiv  with 
the  he  ght  ot  the  c  hi  nn  of  ^^  atei  laiscd  b)  tl  c  pump 
he  found  these  heights  to  1  1 1  a  i  c  sp  t  o  of 
the  specific   giavitics   ot    tl  c  ! 

Observing  also  that  the  col 

cury  had  no  coramiinieation  t 

the  1  upper  c\ticn  t  cs  but  tl 
oate  tleievitl    \i  t  ic  i  lowci  c\ti     i         It  eun 
eluded  tl  at  the  two  col  imns  wcie  s  i  i  ei  de  1  by  the 
same  cause   nai  cly  the  weight  oi  \  l  suic  ot  the 
atmosphere 

In  IbiO  Pascal  at  Rouen  verified  Toiiicelhsex 
periment  and  also  t  aried  it  by  employing  li  i  u  Is  of 


differcut  specific  gravities ;  he  found  that  the  lighter 
the  liquid,  the  greater  the  height  of  the  column  in  the 
tube.  But,  as  the  ciTcct  of  an  invisible  fluid  like  thj 
air  in  supporthig  a  coliunn  of  so  ponderous  a  fluid  as 
mercury  was  stiU  doubted,  Pascal  suggested  a  com- 
plete exjierimeutiim  criicis  by  obseiTing  the  height  of  the 
column  of  mercury  supported  at  the  bottom,  and  at  the 
top  of  a  considci able  elevation  Two  tubes  filleU\'th 
meicuiy  wcie  conveyed  to  tie  monntani  Puy  de 
Dome    near  Gleimo  t    in    \  \     f       1  ise 

they  both  stood    t   'S>  u   1  I 

ai  d  the  othei  taken  to  tic  s 

ascended  the  mere uym  tl  II    to 

24  7  inches    and  as  tl  ey  dc  c     I   I  l  i  y  as 

giadaally  lose  agan  to  ts  foimci  elevation  Ti  is 
lesult  was  exactly  what  Pasc  J  had  anticipated  1  i, 
if  the  c  II        t        1  tl     c  I      1  m  the  tube 

c\tei     I  1  as  u  thei  it 

was  t     1  t  ibe  to  tl  e 

top  oi    I  „  1     1      HI  I  u  g  q  ni  t  ty 

of  dxao'^i  1  0  t,  \  uul  1  1  e  1  o\  i,  it  au  I  the  eolmnn  of 
meieuiy  sustained  by  the  \\eght  of  this  mcumbent 
(        jl     e        t       1         ac         p   il    "-d      inti    I 

1  I  1    r     1 


was  found  to  v  tl  in  cci 

snaUhinits     au     1  II    be  ase 

to  fl  ictuatious  1  tl  I       ilereit 

The  suqle  aipai  lib    1    i     1  ly  ToiiiccUi 
sisting  of  a  tube  of  mercury  Iq  pmg  into 
a  ci  tern  of  the  same  metal  is  m  fact  the     ^  " 
baromctci      Although  *lus  instniment  has 
be»n  distoitcd  mto  endless  vaucties   of 
shape    and  with  numcio  is  additions   yet    A 
they  1  ave  been  abandoned  one  aftci  tl  c 
othei     and    the    simple    foi  i   m  wh  ch     j 
Toiiicclli    fiist    obseived   tie    clfcet    of    . 
ati  osi  hei  c    pressuie    m    sustauuug     a     j 


1 


II 


both  in  the  hlhng  ot  tho  tube 
au  1  m  n  akmg  obseivations 

Tl  c  essential  paits  of  a  good  baiometei 
aio  a  well  foimed  glass  tube  Pi  9o  o3 
01  31  inches  long  of  equal  boic  oontan 
{  11  e  mercuiy  a  cistern  of  meieii 
icceivn  g  the  open  enl  of  the  tube 
an  aeciuately  adjusted  sca^e  for  c  it 
uig  the  exact  height  of  the  colui  n 

Thcmereirvn    st  1  e  p  i  (elf  o 
such  as  t       1  11 

dissol 
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be  greater  than  that  of  an  instnuneut  containing  pme 
metal  only.  Mercury  appears  to  bo  incapable  of  re- 
taining either  air  or  moisture,  and  the  air-bubbles 
■which  lise  from  it  when  heated  or  relieved  of  atmo- 
spheric pressure  are  merely  retained  between  the 
mercm-y  and  the  glass  vessel  in  consequence  of  tlic 
attraction  existing  between  glass  and  aii-. 

On  pouiing  mercury  into  the  barometer  tube  and 
inverting  it,  as  in  the  TorriceUian  experiment,  the 
f)lm  of  air  confined  between  the  mercury  and  the 
inner  surface  of  the  tube,  bemg  relieved  from  pressm-e, 
win  escape  into  the  TorriceUian  vacuum,  where  it 
vrill  by  its  elasticity  oppose  the  pressure  of  the  ex- 
ternal air,  and  constantly  maintain  the  merciuial 
column  at  a  lower  level  than  if  the  vacuiun  were 
perfect ;  so  that  the  observed  height  of  the  column 
would  indicate  only  the  excess  of  the  pressm-e  above 
that  within  the  tube.  In  order  to  get  rid  of  this  air, 
and  any  moisture  witldn  the  tube,  the  mercury  is 
introduced  in  small  portions  at  a  tune,  and  boiled 
over  a  charcoal  fii'e  between  each  introduction,  holding 
that  part  of  the  tube  over  the  fire  which  contains 
the  last  portion  of  mercuiy  introduced.  The  filling 
of  a  barometer  tube  rcquii-es  many  precautions,  which 
are  usually  noticed  in  works  devoted  to  the  subject.' 
When  the  tube  is  properly  filled,  it  is  inverted  into 
a  cistern  of  pure  mercury,  and  when  the  column 
sinks  to  the  proper  level,  its  length  above  the  surface 
of  the  mercury  in  the  cistern  exactly  counterbalances 
the  atmospheric  pressure,  unless,  indeed,  we  take  into 
account  the  minute  quantity  of  vapour  of  mercury 
which,  above  the  temperature  of  60°,  rises  into  the 
Torricellian  vacuum ;  but  this  is  so  slight  a  cause  of 
deterioration  that  it  may  be  neglected. 

The  precautions  taken  to  ensui'e  contact  between 
the  mercury  and  the  interior  of  the  tube  cannot  of 
course  be  used  for  the  exterior,  where  the  tube  is 
siu'romided  by  the  mercury  in  the  cistern.  A  film  of 
ah-  is  always  retained  at  this  part  of  tlie  tube,  and 
also  at  its  under  edges,  which  fihn  creeps  by  small 
portions  at  a  time  into  the  interior,  and  rises  up  in 
minute  bubbles  into  the  vacuum,  the  film  being  con- 
stantly renewed  by  the  descent  of  more  air  between 
the  outside  of  the  tube  and  the  mercury  in  the  cistern. 
In  this  way  the  most  cai-efully  constructed  barometers 
deteriorate  m  the  course  of  years,  as  was  shown  by 
Professor  DanieU,  on  a  comparison  of  the  registers 
of  the  celebrated  Meteorological  Society  of  the 
Palatinate. 

In  the  register  kept  at  Mannheim  for  twelve  years, 
from  1781  to  1792,  inclusive,  the  mean  height  of  the 
barometer  for  the  second  six  years  is  .063  inch  lower 
than  that  of  the  fii-st  six  years. 

In  the  register  kept  at  Padua  dui-iug  the  same 
period,  the  mean  of  the  last  sis  years  is  .Oil-  inch 
lower  than  that  of  the  first  six. 

In  the  register  kept  at  Rome,  the  average  of  the 
last  six  years  is  lower  thau  that  of  the  fu-st  by  .114 


At  Buda  the  ditfercnce  is  .035  inch ;  at  Bnissels 
.044  inch;  at  Munich  .026  inch;  from  the  summit  of 
Peisenberg,  a  mountain  in  Bavaria,  .026  inch ;  and 
from  the  summit  of  Mount  St.  Gothard  the  depression 
is  also  .026  inch.= 

This  irregular  and  uncertain  deterioration  of  baro- 
meters cannot  be  too  greatly  deplored,  because  it 
vitiates  the  observations  of  all  those  earnest  and  com- 
petent observers  who  during  many  years  have  devoted 
daily  portions  of  their  valuable  tune  to  a  record  of 
the  oscillations  of  the  barometer  at  various  stations. 
Indeed,  until  the  defect  complained  of  was  remedied 
by  Professor  Daniell,  the  gi'cat  mass  of  barometrical 
observations  can  scarcely  be  said  to  be  of  any  scien- 
tific value.  The  remedy  consists  in  welding  a  ring  of 
platinum  to  the  open  end  of  the  barometer  tube,  so 
as  to  bring  it  in  contact  with  the  mercm-y  :  by  this 
simple  means  the  ingress  of  air  into  the  tube  has  beeu 
effectually  prevented. 

The  same  excellent  man  and  distinguished  philoso- 
pher also  invented  a  new  mode  of  filling  barometer 
tubes,  by  screwing  the  tube  into  the  under  surface  of 
the  table  of  an  au--pump,  and  making  such  ai-range- 
ments  as  enabled  him  to  fill  the  tube  and  also  to  boil 
the  mercm-y  in  vacuo.  For  the  details  of  this  con- 
trivance we  must  refer  to  the  original  essay ;  but  it 
may  be  noticed,  as  a  striking  proof  of  the  absence  of 
air  and  the  perfect  contact  of  the  mercm-y  with  the 
glass,  that,  althoigh  the  bore  of  the  tube  was  more 
than  half  an  inch,  yet,  on  inverting  it,  the  mercm-y 
did  not  fall  at  once  to  its  usual  height,  but  remained 
suspended  to  the  top  of  the  tube,  until  detached 
therefrom  by  a  few  concussions. 

The  excellence  of  a  barometer  may  be  tested  by 
the  brightness  of  the  mercurial  column,  and  the 
absence  of  any  flaw,  speck,  or  dulness  of  surface; 
secondly,  by  what  is  called  the  barometric  light,  or 
flashes  of  electric  light  in  the  Torricellian  vacuum, 
produced  by  the  friction  of  the  mercury  against  the 
glass,  when  the  eohmm  is  made  to  oscillate  through 
an  inch  or  two  in  the  dark;  thirdly,  by  a  clicking 
sound  produced  by  the  mercury  striking  the  top  of 
the  tube  when  the  column  is  made  to  oscillate.  If 
air  be  present  it  -will  form  a  cushion  at  the  top,  and 
prevent  or  greatly  modify  this  cKck. 

The  sectional  area  of  the  tube  is  of  no  con- 
sequence to  the  height  of  the  column  of  mercm-y 
supported.  If  the  sectional  area  be  equal  to  1 
square  inch,  the  column  of  mercury  SO  inches  high 
will  be  counterbalanced  by  a  column  of  atmospheric 
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lir  1  inch  squiie  and  extciidiiio  fioni  the  siufice  of 
the  mcrcuiy  m  the  cup  h,  iy  'Ji  to  the  top  of  the 
atniosphcie,  ind  as  wc  know  the  [  lessure  of  the  an  to 
be  about  15  lbs  on  the  sqinie  inch,  so  the  colvuTin  of 
meicuiy  1  inch  squaie  lu  the  baiomctei  tube  weighs 
about  15  lbs  It  instead  ot  nieicuiy  we  take  15  lbs 
of  \\  iter,  and  foim  it  into  a  column  1  iiicli  scjuaic,  we 
get  in  such  caic  a  heyht  of  about  o2'^  ket  11  the 
■seetional  aiea  nt  the  tube  of  the  meicuu  1  bainmetpr 


squ 


the  eitmospheie  piesses  with  the  same  intensity  upon 
the  suif  ice  of  the  meicury  m  the  cup,  the  column 
suspended  in  the  tube  will  be  of  the  same  height 
whatever  be  its  internal  diameter 

It  his  been  abcady  stated  that  the  height  of  the 
mercuiial  column  a  b.  Fig  95,  must  be  measuied  fiom 
the  suifaee  of  the  meicuiy  in  the  cistein  Now  it  wiU 
be  obvious  that  the  level  of  the  surface  must  always 
change  with  the  oscillations  of  the  ooluinn.  When 
the  atmospheric  pressure  increases,  and  the  mercm-y 
in  the  tube  rises,  a  portion  of  the  metal  is  drawn  out 
of  the  cistern  into  the  tube,  and  the  level  of  the 
mercury  in  the  cistern  is  depressed.  So  on  the 
contrary,  when  the  atmospheric  pressure  diminishes, 
a  quantity  of  mercury  is  forced  out  of  the  tube  into 
the  cistern,  and  the  level  of  the  metal  in  the  latter 
rises.  If  therefore  the  instrument  bo  fm-uished  with 
a  fixed  scale  at  the  top  of  the  column,  graduated 
when  the  distance  between  the  top  of  the  column 
and  the  level  of  the  mercury  in  the  cistern  is  exactly 
30  inches,  it  will  be  evident  that  when  the  top  of  the 
column  sinks  to  29  inches  on  the  scale,  the  distance 
between  the  two  extreme  points  will  not  be  29  inches, 
but  somewhat  less,  depending  on  the  capacity  of  the 
cistern.  So  also,  if  the  column  rise  to  31  inches,  the 
distance  will  be  rather  more  than  this,  on  account  of 
the  additional  quantity  of  mercury  di-awn  into  the 
tube.  If  the  cistern  be  a  section  of  a  cylinder  with 
a  flat  bottom,  bearing  a  certain  known  propoi-tion  to 
the  bore  of  the  tube,  such  as  1 :  100,  and  the  mercm-y 
rise  1  inch  above  the  neutral  point,  then  as  much 
mercury  will  be  withdrawn  from  the  cistern  as  fills 
1  inch  of  the  tube ;  but  as  the  base  of  the  cistern  is 
100  times  greater  than  the  bore  of  the  tube,  it  is 
obvious  that  th*is  inch  of  mercury  in  the  tube  would 
cause  a  fall  of  only  Tfeth  of  an  inch  in  the  level  of  the 
mercury  in  the  cistern ;  or  in  other  words,  the  fall  of 
y^Tjth  inch  in  the  mercury  in  the  cistern  is  accompanied 
by  a  corresponding  rise  of  f^tlis  in  the  tube.  A 
similar  effect  is  produced  by  any  other  change  in  the 
height  of  the  column,  so  that  if  the  inches  on  the 
graduated  scale  be  made  each  -rroth  part  less  than 
an  inch,  the  instrument  will  afford  tolerably  correct 
results.  In  some  iustruments,  however,  the  scale 
accurai-cly  divided  into  inches  and  parts  of  inches  is 
made  movable,  and  terminates  in  an  ivory  point 
which  is  brought  down  to  the  surface  of  the  mercury. 
Wlicn  tills  point  and  its  reflection  appear  to  be  in 


contict   the  height  uicbcitcd  1}  the  sc  le  i->  correct. 

Inothii  1  1       ef  tl      b  1  mclti,  tht.  mcicuiy  in  the 

cistcin         1  1    it  the  sime  level,  for 

whicli  I  luiTuid  paitly  of  leather, 

so   tl    t    I  iLW  at   the  bottom  the 

suifii       1     1  y  dwajs  be  adjusted  to 

the  nculi  il  i  jmt  IlI  il  takmg  an  obscivation     The 

cistcm  IS  also  sometimes  provided  with  a  gauge  or 

float  ■which  indicates  when  the  mcicuiy  m  the  cistern 

1  f  0  low     By  t  uTung  tlie  soiew  one 

the  mercuiy  m  the  oistcin  is  ad- 

1  level     When  tlieie  is  no  gauge, 

I     ities  of  the  cisteui  and  tube  aie 

a  i_cit    urd    nd  miked  on  the  mstiument  together 

with  the  neutial  pomt     In  an  examplt-  given  by  Mr. 

BelnUe,'  the  capacity  foi  eveiy  mch  of  elevation  of 

the  meicmy  m  the  tube  is  supposed  to  be  equal  to 

^ijrth,  which  reduced  to  a  decimal  =  0  02o  mch  for 

1  inch ,  0  013  mch  foi  \  mch ,  0  007  inch  ioi  \  inch. 

Then  If  the  obsen  cd  heigl  t  =  30  400 


In  this  case  the  observed  height  is  above  the  neutra 
point.     In  the  following  example  it  is  below  it. 


Correct  height 29.487 

As  the  range  of  the  barometer  in  this  country  is 
limited  to  about  Z\  inches,  it  is  not  necessary  to 
commenee  the  scale  from  the  neutral  point.  The 
divisions  usuaUy  begin  at  the  27th  inch,  and  arc 
continued  to  the  31st.  But  in  instruments  intended 
to  measure  the  height  of  mountains,  or  for  accom- 
panying balloons,  the  scale  begins  at  the  12th  or  the 
15th  inch.  Each  inch  is  divided  into  10  parts,  and 
these  are  subdivided  into  hundredths  by  means  of  a 
little  sliding  scale  called  a  vernier  or  nonius^  attached 
to  the  side  of  the  large  scale  as  in  Fig.  96.  It 
measures  exactly  one  inch  and  one-tenth  in  length, 
and  is  divided  into  10  equal  parts  numbered  from  the 
top  downwards,  while  the  divisions  of  the  inches  of 
the  scale  are  numbered  from  the  bottom  upwards. 
Now  as  10  divisions  on  the  vernier  are  equal  to  11 
on  tlie  scale,  and  as  those  10  are  all  equal  to  each 
other,  it  follows  that  each  division  of  the  former 
must  be  equal  to  1^  division  of  the  latter,  or  to 
yiJffth  inch.     If  therefore  any  division  on  the  vender 


coincide,   or   is   in   a   lii 
irith    a    division    on    tl 
scale,   the    two    lines   ii 
mediately  above  or  below 
those  which   coincide  will 
be  separated  by  a  distance 
exactly  equal  to  ysoth  inch; 
the  pair,  two  divisions  re- 
moved from  the  first,  has  a 
deviation  of  Tfiytlis  of  an 
inch,  and  so  on.     Thus  in 
Fig.  9G,  the  line 


the   ■ 


h  the  Kne  2S.9  on  the 
\r,  but  the  two  lines 
mediately  above  them, 
ikcd  5  and  29,  do  not 
ictly  comcide;  and  this 
nt  of  comcidence  must 
omit  to  Vijth  of  -J^th  of 
inch,  or  ^th  of  an 
li.  In  the  next  two  lines, 
ikcd  4  and  29.1,  it  will 
seen  that  they  fail  to 
I  coincide  by  -j^th  of  -^tlis 
'  .  inch,  or  yfi^ths  of  an 
In  like  manner  the 
lines  marked  3  and  29.3, 
2  and  29.3,  1  and  29.4,  and  0  and  29.5,  deviate  from 
each  other  respectively  by  tot.  too.  t#^.  '''"'^  ySotliS 
of  an  incli.  The  same  reasoning  will  also  apply  to 
the  linos  situated  below  the  coincident  Imes  marked 
6  and  28.9.  Thus  7  and  28.8  immediately  below 
them  fail  to  coincide  by  -rjot'i  °^  ''^'i  ™'^^'  ^^^  ^°  ^'i 
with  respect  to  the  others.  The  point  to  be  attended 
to  is  that  a  division  on  the  vernier  is  ^th  of  an  mch 
larger  than  a  division  on  the  scale. 

in  applying  the  vernier  to  measure  off  small  frac- 
tions of  an  inch  in  the  height  of  the  barometer,  we 
first  iK.ficc  llie  hciijlit  of  the  column  by  the  fixed 
scale,  which  in  riu-.  96  is  more  than  29.5  inches,  but 
less  than  29.6.  In  order  to  measm-e  the  himdredths 
of  an  inch,  we  place  the  zero  or  top  of  the  vernier 
scale  exactly  level  with  the  top  of  the  mercury ;  we 
next  observe  that  of  all  the  lines  on  the  vernier  only 
one  can  coincide  with  a  Une  on  the  scale.  In  the 
figure  the  line  marked  0  on  the  vernier  coincides  with 
a  line  on  the  scale ;  and  as  from  the  top  of  the  mer- 
cury to  these  coincident  lines  there  are  six  pairs  which 
do  not  coincide,  and  as  each  pair  deviates  by  -rboi^i  of 
an  inch  more  than  the  pair  below  it,  the  uppermost 
pair  Diust  evidently  difl'er  by  woths  of  an  inch.  We 
thus  get  the  height  of  the  mercury  in  oui'  figure, 
wliirh  is  '211'    iiiclics  and  TOTths  of  an  inch,  or,  ex- 


;:.!  a 


„ally, 


'  "Fan-,"  and  "Eain,"  en- 
graved nn  1lie  pl;ite  n(  the  barometer,  are  calculated 
to  mislead  the  ol)?crver;  for,  as  Mr.  Belville  obseiwes, 
"from  the  observations  of  two  centuries  we  find  that 
heavy  rains  and  of  long  contmuanee  take  jilace  with 
the  mercury  at  29.5  inches,  or  'Change;'  that  rain 
frequently  falls  when  it  stands  as  high  as  30  inches. 


or  '  Fair ;'  and,  more  particularly  in  winter,  a  fine 
bright  day  will  succeed  a  stormy  night,  the  mercury 
rangmg  as  low  as  29  inches,  or  opposite  to  '  Rain.' 
It  is  not  so  much  the  uhsolute  height  as  the  actual 
rising  and  faUing  of  the  mercury  which  determines 
the  kind  of  weather  likely  to  foUow."  Instrument- 
makers  still  continue  to  engrave  these  words  on  the 
scale,  apparently  for  no  other  reason  than  old-esta- 
bhshed  usage ;  their  customers  would  probably  thmk 
the  insti-uraent  imperfect  without  them,  just  as  the 
readers  of  Moore's  Almanack  insist  upon  having  tlic 
supposed  influence  of  the  planets  upon  the  different 
members  of  the  body  entered  for  every  day  in  the 
year.  Indeed,  the  defects  of  the  common  barometer, 
as  it  leaves  the  hand  of  the  instrument-maker,  are  so 
serious  as  to  render  this  instrument  almost  worthless 
to  science.  "  In  the  shops  of  the  best  manufacturers 
and  opticians,"  says  Professor  Daniell,  "  I  have  oli- 
served  that  no  two  barometers  agree ;  and  the  differ- 
ence between  the  extremes  will  often  amount  to  a 
quarter  of  an  mch ;  and  this  with  all  the  deceptive 
appearance  of  accuracy  which  a  nonius,  to  read  off  to 
the  five-hundredth  part  of  an  inch,  can  give.  The 
common  instmments  are  mere  playtliings,  and  are  by 
no  means  applicable  to  observations  in  the  present 
state  of  natural  philosophy.  The  height  of  the  mer- 
cury is  never  actually  measured  in  them,  but  tliey  are 
graduated  from  one  to  another,  and  their  errors  are 
thus  unavoidably  perpetuated.  Pew  of  them  have 
any  adjustment  for  the  change  of  level  in  the  mercury 
of  the  cistern,  and  in  still  fewer  is  the  adjustment 
perfect.  No  neutral  point  is  marked  upon  them,  nor 
is  the  diameter  of  the  bore  of  the  tube  ascertained ; 
and  in  some  the  capacity  of  the  cistern  is  perpetually 
changing,  from  the  stretchuig  of  a  leathern  bag,  or 
from  its  hygrometric  properties.  Nor  would  I  quarrel 
with  the  manufacture  of  such  playthings :  they  are 
calculated  to  afford  much  amusement  and  instruction ; 
but  all  I  contend  for  is,  that  a  person  who  is  disposed 
to  devote  his  time,  his  fortune,  and  oftentimes  his 
health,  to  the  enlargement  of  the  bounds  of  science, 
should  not  be  liable  to  the  disappointment  of  flnduig 
that  he  has  wasted  all  from  the  imperfection  of  those 
instruments  upon  the  goodness  of  which  he  conceived 
he  had  good  grounds  to  rely.  The  questions  now  of 
interest  in  the  science  of  meteorology  require  the 
measurement  of  the  five-hundredth  part  of  an  inch  in 
the  mercurial  colunm ;  and,  notwithstanding  the 
mmiber  of  meteorological  journals,  -which  monthly 
and  weekly  contribute  their  expletive  powers  to  the 
nrunerous  magazines,  journals,  and  gazettes,  there 
are  few  places  indeed  of  wliich  it  can  be  said  that  the 
mean  height  of  the  barometer  for  the  year  has  been 
ascertained  to  the  tenth  part  of  an  inch." 

The  barometer  ought  to  be  fixed  in  a  truly  vertical 
position,  and,  if  possible,  with  a  northern  aspect,  in 
order  that  it  may  be  subject  to  as  few  changes  of 
temperature  as  possible.  It  is  usual,  for  the  sake  of 
comparison,  to  reduce  the  obsen%ations  to  32°,  for 
wliidi  puvpose  tables  for  coiTCction  for  temperature 
are  given  in  scientific  works  devoted  to  the  subject  of 
the  barometer.     "  The  height  of  the  cistern  of  the 
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biirometer  above  the  level  of  the  sea,  and,  if  possible, 
the  difference  of  the  height  of  the  inciomy  ^illi  sonic 
standard,  should  be  ascertaiurd,  !  ■  .'  :  :'.  i  llic 
observations  made  with  it  shmiM  i     >  w'nh 

others  made  in  different  parts  i il  i      •  I  ■  !' hc 

taking  an  observation,  the instniiiM  ill  -!;■>!,'  1  !  -■  v  uilv 
tapped,  to  prevent  any  adlicsion  of  the  inircury  to 
the  tube ;  the  gauge  should  be  adjusted  to  the  surfaoo- 
line  of  the  cistern,  and  the  index  of  the  vernier  brought 
level  with  the  top  of  the  mercury."  The  best  times 
of  the  day  for  observing  the  barometer  are  at  9  a.m. 
and  9  p.m.,  when  it  stands  higher,  and  at  3  a.m.  and 
3  P.M.,  when  it  stands  lower,  on  an  average,  than  any 
other  times  during  the  twenty-four  hours ;  as  m;i\ 
be  proved  by  examining  a  barometric  register  kr;  ' 
for  a  long  period,  and  taking  the  average  of  each  .^r 
of  observations  made  at  the  same  hour.  In  thi- 
climate,  and  in  summer,  the  mean  of  a  few  weeks  is 
sufficient  to  elicit  this  fact.  As  3  a.m.  is  an  inconve- 
nient time  for  observations,  a  person  \Wth  time  at  liis 
disposal  should  select  the  other  three  hours  for  makiug 
his  entries.  If  he  can  make  only  two  observations, 
the  proper  periods  are  the  convenient  hours  of  9  a.m. 
and  9  p.m.  If  he  can  make  oiJy  one  observation,  then 
noon  is  the  time.  Vr  "  ...I'lT,  ,;<"  lu  ,>:,^  il.at 
those  who  merely  rn:;  j  il,  I,  .,,,,,  ,  ",  ihri- 
glass  would  find  ii   ;         '  ■  ,  |   ■  ,  ,]„■ 

three  above-meutiyiii>l  ;■<  :■'-[,  I'l.r  h-'  I  i^  iriired 
that  by  much  the  safest  prognostications  from  this  in- 
strument may  be  formed  from  obseiTuig  them  when 
the  mercury  is  inclined  to  move  contrary  to  its  peri- 
odical course.  If  the  column  rise  between  9  a.m. 
and  3  p.m.,  it  indicates  fine  weather ;  if  it  fall  from 
3  to  9,  rain  may  be  ex])ccted. 

In  the  application  of  rules  for  prognosticating  thf 
weather,  by  observations  made  on  the  barometer,  th( 
most  important  fact  to  be  remembered  is,  that  the 
state  of  the  weather  to  be  expected  is  not  so  much 
connected  with  the  absolute  height  of  the  column  as 
with  its  motion,  whether  rising  or  falling.  A  fall  ' 
the  mercury  generally  indicates  approaching  rai 
high  winds,  or  a  thunder-storm ;  but  snow  is  mo 
frequently  preceded  by  a  rise  than  by  a  fall.  With 
tills  exception,  a  rising  state  of  the  barometer 
monly  indicates  the  approach  of  fine  weather, 
lowest  depressions  occur  with  the  wind  at  S.  and 
S.E  ,  when  much  rain  falls,  and  frcquenlly  - 
severe  gales  blow  from  these  pomts.     A    \  i  :  i 

is  more  conducive  to  a  high  state  of  t!; 
than  any  other,     ^\hcn  llie  mercury  li^  .   ,.,    Inii. 
steadily  fnr  l-.vn  nr  iln-  !■  J-ys  together,  it  is  generally 
foundtli:iti     ',   '     '  :  niuance  of  settled  weather 

will  folln",        ,  ,  .         •.,.,■  ease,  and  fine  and  dry 

m  the  IViniirr.  J'.\  i  'u  v:u..j  i  ule,  frequent  fluctuations 
in  the  hciglit  of  the  column  are  foiuid  to  coincide 
with  unsettled  weather. 

In  a  tube  of  small  bore,  when  the  mercury  is  rising 
its  surface  is  convex  ;  when  it  is  falling  it  is  concave, 
as  if  the  centre  of  the  fluid  cohmin  always  preceded 
the  sides  in  aU  its  motions.  In  such  a  txihe,  in  nice 
observations,  a  correction  has  to  be  made  for  capil- 
larity.    Corrections  for  temperature,  which  acts  un- 


equally upon  the  mercury,  the  glass  of  the  tube,  and 
the  metal  of  the  scale,  arc  also  made  in  accurate 
observations,  and  tables  are  provided  for  all  these 
purposes. 

The  causes  of  the  oscillations  of  the  barometer  are 
too  Lutricalc  to  be  discussed  williiii  the  limits  of  a 


lludiiiic!:'    I  .   :■  \\      I!   ■  ,    I  .  used 

theory  of  the  winds  ihan  to  that  of  rain,  and  with 
tins  view  Mr.  Belville  has  constmctcd  the  best  set 
of  ndes  we  have  ever  seen,  eoimeetmg  the  phenomena 
■  n  i';;'  l):!iMin(  111-  with  the  direction  of  the  wmd,  and 
'  I'I'caranco  of  the  clouds,  according  to 
i  i     .!<  iiclature.     These    rules   occupy   11 

|,,.r,  <  ;  M;  IhIvluc's  little  manual,  to  which  we 
must  refer.  Tliis  work  also  contains  a  table  showing 
height   of    the  barometer    at   i 


Greenwich,  for  e 
30  c 


the  year,  deduced  from 
ervations,  viz.  from  1S15  to 
Fahr.     The  following  are 
his  table:— 
I     second  in 


March  29.S57     second  minimum 

April  29.S50 

May  29. SSI 

June  29.910     maximum 

Jidy  29.891 

August         29.S90 

September   29.S72 

October       29.S51 

November    29.801     minimum 

December    29.881 
The  mean  annual  pressiue  for  noon  at  Greenwich 
is  29.872  inches. 

It  appears  from  Mr.  BelvHle's  table,  that  "at 
certain  seasons  of  the  year,  great  periodic  maxima 
and  minima  take  iilaee.  The  greatest  daily  mean 
pressure  for  the  year  occurs  about  the  9th  January, 
and  the  minimuni  daily  mean  depression  towards  the 
end  of  November.  It  is  a  remarkable  coincidence, 
that  the  lowest  daily  mean  temperatiu-e  for  30  years, 
occurs  on  the  8th  and  9th  of  January,  and  the  daily 
mean  temperature  for  November  rises  suddenly  4° 
i;i  llip  last  few  days  in  November." 

linni  a  table  of  the  greatest  and  least  observed 
'  J  its  of  the  barometer  at  Greenvrieh,  between 
111  and  1848,  it  appears  that  the  maximum  elevation 
i'or  the  38  years,  occurred  iu  I "  .'.">.  ■;,  n^  n  i  lir  mrrcury 
stood   at   30.89   inches;   in    1  -    I         i  1   .■;0.82 

inches;  in  1835,  30.84  hul:.  !  .    1S19, 

30.86  inches.  In  the  cxtiLuiL:  Jijul^,  :',;i5  il.u.sc  of 
1821'  and  1843  differ  only  by  21  huudi-edths ;  the 
first  occm-red  on  the  25th  December,  when  a 
Troughton's  mountam  barometer  sank  as  low  as 
27.89  inches.  "A  heavy  rain  of  some  hours' 
duration  with  the  wind  at  south-east,  had  preceded 
the  minimum  pressure ;  a  gale  from  the  north-west 
followed,  in  which  the  mercury  rose  a  few  tenths. 
The  depression  of  1S14,  SS.Sl"  inches,  happened  at 


lOfi  B.UlO-\ 

llie  close  of  the  great  frost,  and  was  likewise  preceded 
by  a  stormy  wind  from  SS.E.  and  mucb  rain." 

The  common  wheel-barometer  or  weather-glass,  is 
a  contrivance  for  increasing  the  length  of  the  scale. 
It  has  no  scientific  value,  but  as  it  is  in  very  common 
use  as  a  piece  of  fnraiture,  some  notice  may  be 
expected  of  it  in  a  popidar  work.  In  this  instrument 
the  tube  instead  of  terminating  at  the  bottom  in  a 
5  as  to  form  an  inverted  syphon, 
■ise  in  the  mercury  in  the  longer 
closed  limb  is  equivalent  to  a  fall 
the  shorter  Kmb,  and  vice  versa, 
placed  on  the  surface  of 
the  mercury  in  the  shorter  limb, 
and  is  connected  with  a  string 
passing  over  a  pulley,  and  very 
nearly  balanced  by  another  weight 
on  the  other  side.  An  index 
hand  attached  to  the  pulley  moves 
arface  of  a  dial  plate, 
raduated  so  as  to  indicate  the 
icUlations  of  the  column.  With 
1  inciease  of  pressiu-e  the  mer- 

■  ■  ^  :-•  depressed, 
■;  ill'  ''  it,  and  this 
,  -:  !1  I  >  •;  ■!  •:(  revolution 
>  puUfY  and  also  to  the  index 
A  fall  in  the  longer  column 
s  the  mercury  with  its  float 
in  the  short  limb  to  rise,  and  consequently  moves 
the  index-hand  in  the  contrary  direction.  This 
barometer  is  very  inferior  to  the  vertical  or  cistern 
barometer,  because  a  change  of  pressure  such 
would  make  a  difference  of  nearly  an  inch  in  me 
upper  level  of  the  latter,  woidd  show  but  half  an 
inch  in  each  level  of  the  syphon;  for,  although  the 
surfaces  of  the  mercury  in  the  two  limbs  would  be 
an  inch  f\u-ther  apart,  that  inch  would  be  compounded 
of  a  rise  of  half  an  inch  at  one  surface  and  a  corre- 
sponding fall  at  the  other.  Our  unit  of  measure, 
therefore,  becomes  only  half  as  great,  and  necessarily 
diminishes  in  utility.  Li  Pig.  97,  however,  the  upper 
end  of  the  tube  is  expanded  into  a  bulb,  in  order  that, 
by  cidarging  the  upper  sui'faee  of  the  mercury,  the 
difference  of  level  may  be  made  to  depend  almost 
entirely  on  the  lower  surface,  giving  the  same  ad- 
vantage as  in  a  common  barometer,  with  a  cistern  of 
the  same  horizontal  area  as  the  bulb. 

For  the  measurement  of  heights,  a,nd  as  an  in- 
strument for  accompanying  the  scientific  traveller, 
barometers  have  been  made  portable.  Fig.  9S  re- 
presents Troughton's  portable  barometer,  closed  so 
as  to  protect  the  instrument  and  render  it  portable, 
and  Pig.  99  shows  it  mounted  on  a  tripod  ready  for 
use.  The  staff-head  is  constructed  in  a  peculiar 
manner  for  the  purpose  of  suspending  the  barometer. 
Ft  consists  of  a  circle,  Fig.  100,  about  |  of  an  inch 
broad,  joined  iu  three  pieces;  the  three  joint-pins 
extend  inwards  so  as  to  pass  through  a  circular  rim 
which  they  hold  fast ;  within  this  run  is  hung  a 
Bimilar  one  by  two  pivots ;  and  within  the  latter,  at 


.xr^^^v 


right  angles  to  the  pivots,  / 
are  fastened  two  angles, 
in  which  the  barometer 
hangs  by  its  gudgeons. 
Bythis  uigenious  arrange- 
ment, the  legs  of  the  tri- 
pod can  be  extended,  and 
the  instrument  is  sup- 
ported by,  and  can  be 
tui-ned  about  on,  a  uni- 
versal joint,  on  which  it 
adjusts  itself  in  a  plane 
perpendicular  to  the  hori- 
zon. The  cistcrn,Fig.  101, 
is  a  glass  cylinder  aliout 
24  inches  in  diameter  and 
the  same  in  length.  An 
extei-nal  brass  tubing,  ter- 
minating in  an  interior 

screw  a  little  above  and     l|{| 

below  the  glass,   admils 

external     screw     pieces 

whose  ends,  covered  with 

leather,     being     pressed 

firmly   against   tlie   ends 

of  the  glass,  prevent  the  escape 

of  the  fluid.   Near  the  upper  em  I 

of  the  brass  cover  of  the  ci.^li 

are  two  horizontal  slits  oppi  ■ 

to  each  other,  one  before  and  : 

other  behind.     At  the  bottom  , . 

a  screw,  by  turning  which  the 

leather  bag  is   compressed  and 

the  mercury  forced  to  the  top  of 

the  tube,  and  thus  filling  every 

part,  the  instrument  is  rendered 

portable.     This  screw  also  fur- 
nishes  the   means   of  adjust  in:;' 

the  sui'faee  of  the  mercury  in  1  i 

glass  cistern,  so  as  just  to  si' 

out  the  light  from  passing  i- 

tween  it  and  the  upper  edges  .  ; 

the  slits  in  the  brass  cover.    Tlii> 

is  the  mode  of  adjusting  to  zero, 

the  upper  edges  of  the  slits  re- 
presenting the  commencement  of   i 

the  scale  of  inches.     The  frame 

is  also  of  brass  tube  about  l^Ut 

inch  in  diameter.     The  first  10 

inches  of  the  lower  end  is  oc- 
cupied by   a  thermometer,   the 

bulb  of  which  is  bent  inwards 

and  concealed  within  the  frame. 

inches  higher,  it  is  attached  to  the  stand  by  the 

ring,  Fig.  100,  in  wliich  the  frames  tui-n  smoothly 

for  the  pui-pose  of  placing  the  instrument  in  the 

best  light  for  reading  off.     The  divided  se.de  com- 

menoes  at  15  inches  above  the  neutral  point,  and 

is  continued  as  high  as  33  inches,  and  by  the  help  of 

a  vernier  is  subdivided  into  the  Tjnretli  of  an  inch. 

A  longitudinal  sHt  from  end  to  end  of  the  divided 

part,   exposes  the  glass   tube   and  mercury.     Tha 


At  about  three 
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wtole  of  lliis  part  is  formeJ  of  two  tubes  of  brass ; 
in  the  inside  of  the  interior  one,  a  cyliudrioal  piece 
slides,  and  on  this  is  divided  the  vernier  scale,  the 
index  to  which  is  the  lower  end  of  the  piece.  In 
taking  the  height  of  the  mercury,  this  piece  is 
brought  down  by  means  of  the  screw  at  the  top,  so 
as  just  to  exclude  the  light  from  passing  between 
itself  and  the  spherical  sui-face  of  the  top  of  the 
column  of  the  mercury.  The  screw  at  the  top  acts 
upon  the  interior  tube,  within  which  the  vernier 
piece  is  sustained  by  friction,  and  is  first  set  by 
hand  and  then  adjusted  by  the  screw. 

Soon  after  the  invention  of  the  barometer,  attempts 
were  made  to  construct  a  water-barometer,  ou  the 
supposition  that  the  greater  range  of  its  oscillations 
would  measure  more  minute  changes  of  pressure. 
The  most  perfect  instnunent  of  tliis  khid  was  con- 
structed by  Professor  Daniell,  in  the  hall  of  ili-' 
lloyal  Society  at  Somerset  House.  It  ci insists  nf 
oue  entire  tube  of  glass  40  feet  Imis-.  Its  iliaiiirin- 
is  about  an  inch,  and  the  avcni-jv  1;,  ■■:]  •  ■  i  i  ;,-■  iln;,! 
column  400  inches.  Whcuoii  '  ;  -  ;  ih>' 
year  1SS2,  the  water  in  the  ci- ! >  :  -..  1 1 h 

a  layer  of  castor  oil;  but  as  tli  .  ,,!;',    ii  ilir 

admission  of  the  outer  air,  it  M  .1  ; 

rcfiU  the  tube.     This  was  dour  ;    ,'  '    :: 

a  solution  of  caoutchouc  in  ii.i| '  '  i        1.  '  !i  :i  i  i 

for  the  castor  oil.     In  windy  \m  .  :'.  i  :  in- 

uslantly    II.  .       ,  iin- 


appears  to  be  c 
sensible  effect  on 
peiiietu.il  1     ■ 


of    : 


.   be   i 


Ihc  sloxi 


)   of 


act  of  respira- 
tion Jliit  i!.  :  I  I  i;!iit  result  is,  that  this 
instruinriit  jii^ij.'.j  Ijy  uuc  hour  the  mercurial 
barometer  of  luilf  an  inch  bore,  as  this  does  the 
mountain  barometer  of  0.15  inch  bore,  by  the  same 
interval  in  their  horary  oscillations ;  showing  tliat 
while  scientific  men  are  disputing  about  the  hours 
of  the  maxima  and  the  minima,  much  depends  upon 
the  construction  of  the  instrument  observed. 

The  Aneroid  barometer,  by  M.  Vidi,  is  so  named 
from  ""without,"  and  mpoQ  "fluid;"  its  indications 
being  obtained  without  the  use  of  mercury  or  any 
ctlier  fluid.  Its  action  depends  on  atmospheric 
pressure  on  a  metallic  box,  from  which  tlio  air 
has  been  exhausted,  and  then  hermetically  sealed. 
An  index  traversing  a  dial  records  the  changes  in 
.  the  weight  or  pressure  of  the  air  on  a  given  sur- 
face. It  is  4:f  inches  in  diameter  across  the  face, 
and  Ij  inch  in  thickness.  It  is  graduated  to  cor- 
respond with  the  common  barometer,  and  two  small 
tliermometers  arc  fixed  on  the  face  of  the  dial.  Fig. 
102  represents  the  external  appearance  of  the  in- 
strument, and  Fig.  103  the  internal  construction  as 
seen  when  the  face  is  removed,  but  with  the  hand 
still  attached.  «  is  a  flat  circular  box  about  i  inch 
in  depth,  made  of  some  white  metal,  the  upper  and 
under  surfaces  of  which  are  con-ugated  in  concentric 
circles  to  give  it  greater  elasticity.  This  box  being 
exhausted  of  air  tkrough  the  short  tube  li,  and  then 
made  air-tight  by  soldering,  forms  a  spring  which  is 


affected  by  every  variation  of  pressure  in  the  exteraoj 
atmosphere.     It  is  attached  to  the  bottom  of  the 


itallic  case,  wliieh  encloses  the  mechanism  of  the 

Mimont.     At  the  centre  of  the  upper  surface  of 

'::•  elastic  box  is  a  solid  projection  i;  about  half  an 

leh  high,  to  the  top  of  which,  the  jirincipal  lever 


c,(l,e,  is  attached.  This  lever  rests  partly  on  a  spiral 
spring  at  c/,  and  is  also  supported  by  two  vertical 
pins,  with  perfect  freedom  of  motion.  The  end  e  of 
the  principal  lever  is  attached  to  a  second  or  small 
lever  /,  from  which  a  chain  y  extends  to  the  centre, 
where  it  works  on  a  dnim  attached  to  the  arbour  of 
the  hand.  A  hair  spring,  the  attachments  of  wliich 
are  made  to  the  metallic  plate  i,  regidates  the  motion 
of  the  hand. 

As  the  weight  or  pressure  of  the  atmosphere  is 
increased  or  dimiii'^l;'-!.  tli.^  ^^i-f-^cc  of  the  elastic 
box  a  is  deprcssril  .,r  .]  ■  i  '<:•]  this  motion  is 
communicated  (111  !  '  i'-'  ,.  '  >  llic  arboiu- of  the 
hand.  The  spiral -i in -_■  -ii  ■,■,  h  'i  ihr  lever  resf.s  at  (/, 
is  intended  to  compensate  for  the  effects  of  altera- 
tions of  temperature  on  the  niinute  ])nrtion  of  air 
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point  of  the  I 


which  the  box  must  contain,  however  perfect  the  ex- 
haustion. The  actual  movement  at  the  centre  of  the 
clastic  box,  from  wlience  the  indications  emanate,  is 
very  slight,  but  this  is  increased  C57  times  at  the 
point  of  the  hand  ;  so  that  a  movement  to  the  extent 
of  ^d  part  of  ;,,:!i  i.l  ;ii  i  i.  li  in  the  box,  carries  the 

■"     ■■•  Lis  on  the  dial     The 

,  t  ruction  is  equal  to 
4.1.  lbs.  Atthr  l,,.,';nr  liir  ..Mri-caseis  a  screw,  to 
adjust  the  hand  to  the  hciglit  of  a  standard  mercurial 
barometer.     [See  Appendix.] 

BARYTA,    SeeBAKTOM. 

BASE,  ill  geometry,  is  the  lowennost  part  of  a 
figure,  and  in  a  solid,  the  surface  on  wluch  it  rests. 

The  l/ase  of  a  room,  is  the  lower  projecting  portion, 
consisting  of  two  parts,  a  plain  board  adjoining  the 
floor,  called  the  pUM,  and  above  it  one  or  more 
mouldings,  wdiich,  taken  coUectively,  are  called  the 
iase  moiddings.  The  plinth  ought  to  be  tongucd  into 
a  groove  in  the  floor,  by  which  the  diminution  of 
breadth,  caused  by  the  shrinking,  does  not  produce 
any  aperture  between  its  under  edge  and  the  floor. 
The  upper  edge  of  the  pluith  ought  to  be  rebated 

111     1      ''     Milistanee  with  which  an  acid  is 

C(.iiili,i  I  ii  ,1  ,1  :  ,'A\\ri.iis  base.  Thus,  La  sulphate 
of  iniii,  iiiniii  !r  ,M  i.|  is  the  acid,  and  oxide  of  iron 
is  the  base,  llir  icnn  bcntyle,  is  often  applied  to  a 
body  which  gives  to  a  base  its  distinctive  character; 
thus  cthyle,  is  the  basyle  of  ether.  The  term  radicle, 
is  a])plied  to  a  substance  which  gives  to  an  acid  its 
distinctive  character;  thus  cyanogen  is  the  radicle  of 
hydrocyanic  acid. 

BASE-LINE,    See  Surveying. 

BASKET.  A  kind  of  vessel  made  of  osier,  wicker, 
rushes,  straw,  grasses,  twigs,  branches,  whalebone, 
&o.  of  different  figures  and  sizes,  according  to  the 
purpose  it  is  intended  to  serve.  The  ancient  Britons 
were  celebrated  for  their  baskets,  which  were  ex- 
ported in  large  quantities,  and  fetched  high  prices  in 
Home.  The  art  of  interweaving  twigs,  reeds,  &e.  is 
practised  among  the  rudest  nations  at  the  present 
day,  and  they  even  excel  Europeans  in  this  simple 
art.  In  some  parts  of  South  America,  the  natives 
make  rush  baskets  so  closely  interwoven  as  to  hold 
water.  "Wicker  boats  covered  with  skins  attracted 
Hie  notice  of  the  Romans  in  Britain,  and  at  the 
present  day,  basket  boats  made  of  split  bamboo  ai-e 
used  in  Hindustan.  Houses,  cottages,  fences  and 
gates  of  wicker-work  are  used  in  different  parts  of  the 
world.  A  two-horse  carriage  of  basket-work  called 
a  "Holstein  wagon,"  is  used  in  some  parts  of 
Europe,  and  an  appendage  to  stasc-coaches,  called 
the  hash't,  was  formcr]\  lu  i.l,'  ..\   >  •     ,  ,■  «  nrk, 

Ii-  :    i-r  basket- 


kind  w 


re  form 


Prance  and  Holland,  but  tlic  trade  having  been 
interrupted  during  the  long  protracted  war,  the 
Society  for  tlie  linoom-agement  of  Arts  and  Manu- 
faotui-es  olTered  a  premium  to  those  cultivators  who 
should  raise  the  greatest  quantity,  the  number  to  be 


not  less  than  G,000  plants  on  an  acre.  Mr.  Pliilipps 
of  Ely  was  one  of  the  sucoessfid  competitors.  Ac- 
cording to  him  the  osier,  a  species  of  salix,  contains 
many  varieties,  which  may  be  separated  into  two 
divisions,  and  in  each  division  there  is  only  one 
variety  well  adapted  for  basket-making.  In  the  first 
division  is  the  grey  or  biindled  osier:  this,  in 
common  with  the  others,  has  a  light-coloured  leaf, 
but  is  distinguished  by  the  bark  being  streaked  with 
red  or  blood  colour.  It  grows  vigorously,  it  is  very 
hardy  and  tough,  and  bleaches  well.  AH  the  other 
varieties  are  coarse  and  spongy ;  thoy  have  a  thick 
pith  and  are  very  perishable.  They  are  however 
still  used  for  coarser  work,  and  during  the  inter- 
ruption of  the  continental  intercourse  were  in  great 
request;  hence,  English  baskets  fell  into  disrepute. 
In  the  second  division  is  the  Welsh  willow,  which  is 
tough  and  dui'able  but  of  a  bad  colour :  there  are 
two  varieties,  the  red  and  the  white,  the  fomier  of 
wliich  is  preferred  and  forms  ])art  of  every  ]ilantation, 
from  its  use  in  tying  11 1 1  i!ir  l.ninli.v,  ulirr  ilnv  liave 
been  barked  or  whit<MM  il  Tf.:-  -i,  .,!  I  ,  ,■  '.:■,:.  urs 
known  as  the  west  cn  ,  '  ,   '•    .         '.  ' '  '". 

the  French  and  the  i\d  K<-,d  „  ..,^.;-.  'i\.c  iiLi.ek  is 
the  best,  especially  for  smaller  and  finer  work  in 
baskets,  fans,  hats,  &c. :  it  is  extremely  taper,  pliant, 
close-grained,  tough  and  durable.  Large  quantities 
of  it  are  imported  into  Great  Britain  from  the 
continent. 

According  to  Pliilipps,  autumn,  not  spring,  is  the 
proper  season  for  planting  willows,  and  as  early  in 
autumn  as  the  cuttings  can  be  taken  without  injury 
to  the  parent  stock.  The  ground  is  laid  out  in  beds 
or  buiTows  18  feet  broad  with  ditches  9  feet  wide  on 
each  side.  The  upper  surface  of  the  ditches  to  the 
depth  of  14  inches  is  thrown  on  the  beds,  and  the 
remainder  of  what  is  excavated  from  them  is  used 
for  turf  or  fuel.  The  beds,  now  consisting  of  about 
2^  feet  thick  of  solid  earth  above  the  surface  of  the 
substratum  of  peat,  are  planted  in  the  autumn,  and 
produce  good  crops.  The  plants  should  not  be 
supplied  with  too  much  water,  or  they  will  be  sickly : 
they  require  a  considerable  degree  of  humidity,  but 
will  nevertheless  ilom-ish  on  comparatively  dry  soils. 
The  vicinity  of  water  is  an  essential  quality  in 
selecting  a  spot  for  a  plantation.  The  sets  of  osiers 
should  be  inserted  in  regular  rows :  their  age  is  not 
of  importance,  for  a  vigorous  crop  may  be  produced 
from  the  root  of  the  oldest  tree  deprived  of  its 
trunk.  When  the  plants  have  arpiirrrl  llirir  iratu- 
rity  they  are  out  and  made  up  in  -  '  !'  i:,  i.in 
hoops,  3G  or  40  inches  in  diainrii  i,  !  i  '  .  i  :  rl, 
and  are  sold  in  this  way  or  m  load'  I  lir  ( '.  ; 'v  !'>iis 
requii-e  to  be  well  fenced  against  cattle,  wliieli  find  a 
favourite  food  in  the  shoot  and  leaf. 

In  the  preparation  of  osiers  for  the  basket-maker, 
they  are  either  spUt  asunder  or  stripiied  of  their 
bark,  according  to  the  kind  of  ^■  >  1 1  m  \iirli  iliry 
are  employed.    When  strippcil,  i'  i,|    nii 

be  previously  soaked  in  water.  ..;  !  il  ,,,,  ;  ",  i-, 
performed  by  drawing  the  w-UI(j\. .^  linouyli  au  iron 
edged   machine   called   brakes,   which    removes    the 
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bark ;  the  osiers  are  tlien  cleaued  by  a  sharp  knife. 
Tliey  are  nest  exposed  to  the  sun  and  air,  and  are 
stored  in  a  dry  place.  The  osiers  -which  arc  not 
stripped,  requii-e  to  be  carefully  preserved,  and  before 
being  used  they  must  be  soaked  in  water.  Tiie 
barked  (}r  -n-hite  osiers  arc  divided  into  bundles  or 
fa-o.'  ;:o..,ru,-;  L-  lln:;-^:;.;  \hr  1,,  ■  .:rr  uucs  bcin- 
i.    .,1     :    ;     ■     ,•      1      ■:...     V,    .     .      ::,     !,,■     ^      ■..■|uu    of    tho 

they  are  taken  wliole,  but  fur  line  \york  each  nsicr  is 
.divided  into  splits  and  skaitis.  Splits  are  osiers  cleft 
into  four  parts  by  an  iiuplement  consisting  of  two 
edge  tools  placed  at  right  angles,  which  divide  the 
rod  longitudinally  down  the  pith.  These  arc  next 
drawn  through  an  implement  reserabLLug  the  common 
spoke  shave,  keeping  the  grain  of  the  split  next  the 
)d  or  stock  of  the  shave,  while  the  pith  is  pre- 
sented to  the  edge  of  the  iron,  whicli  is  set  in  an 
oblique  du'cction  to  the  wood ;  and  to  make  the  split 
:e  regular,  it  is  passed  through  an  uimghl  or  flat 
piece  of  steel  with  a  cutting  edge  like  an  ordinary 
.  chisel.  The  flat  is  bent  round,  so  that  tlio  two  edges 
■  approach  at  a  greater  or  less  interval,  by  means  of 
regulating  screws,  and  the  whole  is  fixed  into  a 
handle.  By  passing  the  splits  between  the  two 
edges,  they  are  reduced  to  skains,  the  thickness  of 
wliich  is  detennined  by  the  interval  between  the 
edges  of  the  tool.  The  basket  maker  is  fui-nished 
with  a  few  simple  tools,  such  as  knives,  bodkins  and 
drills  for  boring,  leads  for  keeping  the  work  steady, 
md  a  heavy  iron  beater,  for  beating  the  work  close 


by  turning  down  the  prcjectuig  ends  of  the  ribs 
whereby  the  whole  is  firmly  and  compactly  unittd. 
A  handle  adapted  to  I  he  «ork  is  foruud  by  forcing  two 


Basket-work  is  a  coarse  kind  of  weaving,  in  which 
the  long  osiers  form  the  warp,  and  those  which  are 
twined  in,  or  interlaced  therewith,  the  woof.  In 
mald:ig  an  ordinary  basket,  tho  length  of  the 
osiers  selected  for  the  purpose  is  considerably  greater 
than  that  of  the  finished  work.  The  proper  number 
is  arranged  on  the  floor  in  pairs  parallel  to  each  other, 
in  the  direction  of  the  length  or  warp  of  the  basket. 
These  parallel  rods  are  then  crossed  at  right  angles 
by  two  of  the  largest  osiers,  with  the  thick  ends 
towards  the  workman,  who  places  Ms  foot  on  them, 
and  weaving  each  alternately  over  and  under  the 
parallel  pieces  first  laid  down,  they  arc  thus  confined 
in  their  places.  In  this  way  the  foundation  of  tho 
basket,  called  the  slat  or  slate,  is  formed.  The  long 
end  of  one  of  the  two  rods  is  next  taken  and  woven 
under  and  over  the  pairs  of  short  ends  all  round  the 
bottom  until  the  whole  is  woven  in.  The  same  is 
done  with  the  other  rod,  and  then  adilitional  long 
osiers  are  woven  in  until  the  bottom  is  of  suflicicnt 
size.  The  slat  being  thus  finished,  tho  suporstructui 
is  raised  by  first  sharpening  the  large  ends  of  a- 
many  long  and  stout  osiers  as  are  requii'cd  to  fun, 
the  ribs  or  skeleton.  These  are  forced  or  plailr.l 
between  the  rods  of  the  bottom,  from  the  rd-c 
towards  the  centre,  and  are  turned  up  in  the  rlircction 
01  the  sides.  Then  other  rods  are  woven  iu  and  out 
hetween  each  of  them  until  the  basket  is  raised  to 
the  intended  height.     The  edge  or  brim  is  finithed 


proper  length,  down  the  weaving  of  the  sides  dose 
together,  and  they  are  pumed  fast  about  two  inches 
from  the  brim,  so  as  to  retain  the  handle  in  the 
proper  position.  The  osiers  are  then  bound  or 
plaited,  and  the  handle  is  finished. 

Such  are  the  simple  processes  concerned  in  making 
an  ordinary  basket.  Other  baskets  differ  only  in 
liaving  finer  materials  and  nicer  workmanship.  The 
skains  are  frequently  smoked  and  dyed  either  in  dull 
or  brilliant  colours,  and  the  taste  of  the  worbnan  L'i 
shown  in  their  proper  mixture. 

The  facility  of  teaching  and  acquiring  the  art  of 
basket-making,  renders  it  a  favourite  employment  for 
the  blind  in  the  asylums  established  for  their  re- 
ception. 

The  bine  of  tho  hop,  with  the  flowers  and  leaves 
removed,  has  been  lately  employed  as  a  material  for 
basket-making  or  wicker-work.  A  patent  was  taken 
out  by  Mr.  Reynolds,  iu  1847,  for  this  cmplojnucut 
of  an  article  prc\'iously  considered  useless. 

BASSORINE,    See  Gum. 

BATHS.  Places  constructed  purposely  for  tho 
washing  of  the  body  in  hot,  cold,  or  tepid  water,  a 
practice,  the  Sidubrity  of  which  was  well  understood 
by  the  ancients,  as  it  is  by  some  modern  nations,  but 
which  has  been  greatly  overlooked  in  our  own  country 
imfil  very  recently,  when  it  has  begun  to  be  better 
appreciated,  and  to  receive  something  Hke  a  due  share 
of  attention.  It  is  scarcely  to  be  wondered  at,  that 
'a'  ill  ,i,il,,ii-  la  all  e\alt  ablution  and  bathing  to 
'a  I  11  auces,  for  where  the  heal 

I '     '  I  ■   '  ■      "  I  ■■=,  frequent  bathings  are 

a"i  ia:'\  laraaa  < a'  j.i.a-nrc  and  refreshment,  but 
absolute  and  necessary  duties  of  life.  And  even  in 
cold,  or  in  perpetually  varying  climates  like  our  own, 
although  bathing  cannot  be  so  freely  indulged  in, 
especially  by  invalids,  yet  the  functions  of  the  skin 
cannot  be   preseiwed  in  healthfid   activity,  nor  the 
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changes  of  climate  effectually  guarded  against,  -nitli- 
out  the  frequent  use  of  the  bath.  A  clever  wiiter 
on  Physiology  says,  "The  warm,  tepid,  cold,  or 
shower  bath,  as  a  means  of  preserving  health,  ought 
to  be  in  as  common  use  as  a  change  of  apparel,  for  it 
is  equaUy  a  measure  of  necessary  cleanliness.  Many, 
no  doubt,  neglect  this,  and  enjoy  health  notwith- 
standing; but  many,  very  many,  suffer  from  its 
omission,  and  even  the  former  would  be  benefited  by 
employing  it." 

At  Athens,  and  in  Rome,  baths  were  in  common 
use ;  in  the  latter,  diu-ing  the  Augustan  age,  they 
were  so  lusm-iously  built  and  fuiTushed,  as  to  call 
forth  the  reproof  of  philosophers.  Aecordiug  to 
Seneca,  private  baths  were  constructed  with  the 
utmost  magnificence,  so  that  even  among  plebeians, 
that  person  was  held  to  be  poor,  or  sordid,  whose 
baths  did  not  shine  with  costly  marbles  and  precious 
substances,  enclosed  within  richly  decorated  walls, 
and  supplied  with  water  from  silver  pipes.  The 
public  baths  were  at  least  sixteen  in  number,  and  of 
great  magnitude  and  beauty,  containing  large  halls 
for  batliing  and  swunming,  others  for  athletic  games, 
others  for  public  lectures  and  conversations.  AH 
these  fine  rooms  were  lined  and  paved  Willi  hi:iil.lr 
and  fiu-nished  with  painthigs,  statuary,  cullm  i  ;,  .  i 
books,  &o.  These  baths  were  called  Thcr>:  ,  '  - 
means  "warm  waters,"  and  arc  now  all  in  uuii;. 
The  suite  of  rooms  more  immediately  appropriated 
to  bathing,  included  an  apoJi/teriiwi,  or  room  for 
undressing ;  an  uncliianum,  for  the  ointments ;  a 
sphceristerium,  or  room  for  exercises ;  a  calida  lavatio, 
or  warm  bath ;  a  lacomcmn,  or  hot  room  for  sweating ; 
a  tepidarium,  or  warm  room  with  a  tepid  bath ;  and  a 
friiiiihirlini,,  wLicii  contained  the  cold  bath.  The 
pull!:--  I  .|'i~  '  i  l;"!iie  were  coiisti-ucled  at  a  vast 
c.ji  :   .         ;  ,illy  for  the  use  of  the  poorer 

(1:  ,  I'  '_  ,  I  I'l'iilly  resorted  to  by  all  ranks; 
tli.y  Mir  III  ,,r.l  iilirr  the  emperors,  and  those  of 
Titus,  Dioclctiuu,  and  Antoninus  Caraealla,  are  still  in 
sutficient  prcseiTation  to  give  a  tolerable  idea  of  theii' 
former  grandeur.  The  last  named  were  1,500  feet  long, 
by  1,250  broad,  and  at  each  end  were  temples,  one  to 
Apollo,  the  other  to  Escidapius,  the  tutelary  deities 
of  the  place. 

It  is  a  gratifying  feature  of  our  own  times,  that 
the  care  for  the  health  and  comfort  of  the  working 
and  poorer  classes,  which  was  long  ago  cxLibited  by 
a  heathen  nation,  has  now  taken  deep  root  among 
oni'selves,  so  that  the  erection  of  public  baths  and 
washbouscs  is  a  matter  in  which  numbers  of  influen- 
tial persons  feel  a  lively  interest.  The  first  attempt 
of  this  sort  in  the  metropolis,  appears  to  have  been 
tl,:,t  r.f  n  -r-irtv  of  smnU  means,  estabUshed  in  1844, 

:iii  '      "1        '    ' iiif  ion  for  promoting  Cleanliness 

iiiii-  i:  !'  '  uliich  commenced  operations  in 
Cilir  hi.ii  ..■  ^;iiJ.  II  "ir  the  London  Docks,  and  met 
wiili  such  success,  as  to  lead  to  the  formation  of  a 
more  important  association,  and  eventually  to  the 
bringing  in  of  a  BUI  in  Parliament,  for  the  further- 
ance of  the  object.  Since  that  time,  several  large 
establislunents  have  been  opened,  in  which  private 


baths,  both  hot  and  cold,  and  also  swinuuing  baths, 
can  be  enjoyed  at  a  very  low  charge ;  and  where,  in 
another  department,  the  wives  and  daughters  of 
laboui'ing  men  are  allowed  to  wash,  di-y,  and  iron 
tlieir  liuen,  at  tlie  rate  of  a  permy  an  hoiu-,  and  with 
conveniences  and  acconunodatioos  they  bad  previously 
Utile  notion  of.  This  system  has  been  also  extended 
to  the  provinces,  and  it  is  not  uncommon  in  manufac- 
turing districts,  to  find  speoiiJ  pruvisious  made  for 
the  work-people  in  this  respc...,  1-.  ii:'ir  inlMiina'd 
and  benevolent  masters.  Cmi!  .  i  ,  .,  \\i;li 
this  increased  attention  to  mc:  :  ^  :,  i  .  i!if 
lower  classes,  there  has  been  ;i  .ir/i,  a.  nv  fur 
accommodation  of  the  same  Idud  in  the  dwcUiiigs  ol 
the  rich.  Modern  houses,  not  only  of  the  first,  but 
of  the  second  and  third  class,  now  frequently  include 
a  bath-room,  where  the  means  of  enjoying  a  warm 
bath  are  afforded,  without  much  trouble  to  the 
inmates. 

In  the  construction  of  baths  several  materials  are 
employed,  according  to  the  taste  and  means  of  the 
proprietor.  The  best  is  undoubtedly  marble,  in  the 
form  of  slabs,  properly  unbedded  in  cement,  and 
foniiiiig  a  lining  to   a  wooden  case.     This  is   ex- 

:i  1,1',  and  also  weighty,  and,  if  of  white  marble, 
,  I  I .  i  ( I  get  discoloured  in  time ;  but  it  is  avery  haud- 
'  Mh!  permanent  kind  of  bath.  Sometimes  Dutch 
I  ,  I  niliruware  tUes  embedded  in  cement  are  used 
Lubtcad  of  marble,  and  answer  very  weU  if  they  can 
be  kept  water-tight,  which  is  dUfieult.  A  very 
general  material  for  baths  is  however  found  in  either 
copper,  zinc,  or  tinned  iron.  These  are  covered  with 
several  coats  of  paint  and  marbled.  As  a  substitute 
for  a  better  kind  of  bath,  wooden  tubs  are  sometimes 
used,  but  these  soon  contract  a  morddy  smell,  and 
are  also  troublesome  from  their  UabiUty  to  shrink. 
The  proper  situation  for  a  bath  must  be  regulated  by 
the  convenience  of  the  owners,  but  it  is  very  de- 
sirable not  to  place  it  in  the  basement  story,  on 
aocoimt  of  a  chUly  and  damp  feeling  which  nearly 
always  pervades  the  lowest  rooms  of  a  house.  Yet 
this  situation  for  the  bath  is  not  unfrequently  chosen. 
In  the  better  class  of  private  houses,  warm-baths  are 
situated  in  the  di-essmg-rooms  adjoining  the  prmcipal 
bed-rooms,  or  there  is  a  separate  bath-room  on  the 
bed-room  floor.  This  should  have  proper  means  of 
ventilation,  or  a  damp  odour  \viU  soon  be  observed, 
and  the  waUs  wUl  suffer  from  the  moist  atmosphere. 
Many  modem  bouses  possess  the  gi-eat  convenience 
of  a  water  cistern  at  the  top,  supplying  the  rooms 
without  laboui-.  In  this  case  the  bath  is  easily  and 
adequately  snppUed,  and  if  there  happen  to  be  a 
laundry  at  the  upper  part  of  the  house,  or  convement 
r}r\-c  I'm-  rrrr-ti"--  p,  mj^pi-r,  this,  by  means  of  feeding 
'I  II...    ':r  to  the  bath.     Another 

I  ,    I.   i  I  m- a  pipe  from  a  higher 

|r\  1  III. Ill  I  hi'  i  III  II  h'liii  ci'iwn  to  the  kitchen,  and 
allDwing  it  to  repose  in  a  coil  withm  the  boUer,  from 
which  the  pipe  is  continued,  and  ascends  to  supply 
the  bath.  The  cold  water  contained  ui  the  coiled 
part  of  the  pipe  becomes  snfBciently  heated  by  lyuig 
in  the  boUing  water  to  supply  a  warm-bath;  but  it  ia 
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ouly  when  the  boiler  is  kept  hot  by  a  large  fire  that 
tliis  is  found  to  answer.  Sometunes  a  boUer  is 
placed  behind  the  fire  place  in  the  di-essing-room ;  bnt 
this  is  objectionable,  from  the  escape  of  steam  which 
sometimes  takes  place,  and  from  danger  of  the  flues 
becoming  choked  with  soot  and  taking  fire.  Another 
and  safer  method  is  the  following: — "A  wagon- 
shaped  boiler,  holding  about  sis.  gallons  of  water,  is 
properly  placed  over  a  small  furnace,  in  any  convenient 
and  safe  part  of  the  house,  as  the  kitchen,  scullery, 
scrvauts'-haU,  or  wash-house.  The  bath  itself,  of  the 
usual  dimensions  and  construction,  is  placed  where  it 
is  wanted,  with  a  due  supply  of  cold  water  from  above. 
Tw-o  pipes  issue  from  within  an  inch  of  the  bottom 
of  the  bath,  at  its  opposite  extremities :  one  at  the 
head  of  the  bath,  about  one  inch,  and  the  other  at 
tlie  foot,  an  inch  and  one-eighth  in  diameter.  These 
tubes  descend  to  the  boiler,  the  smaller  one  entering 
it  at  the  bottom,  and  the  larger  one  issuing  from  its 
top.  Under  these  cireumstanees,  supposmg  the 
pipes  and  boiler  every-where  perfectly  tight,  when  the 
bath  is  filled,  the  water  wiU  descend  into,  and  expel 
the  an-  from,  the  boiler,  and  completely  fill  it.  Now, 
upon  making  a  gentle  fire  under  the  boiler,  an  as- 
scending  current  of  warm  water  will  necessarily  pass 
upwards  through  the  larger  pipe  -which  issues  from 
its  top,  and  cold  water  will  descend  by  the  pipe  which 
enters  at  the  bottom ;  and  thus,  by  the  establishment 
of  cun-ents,  the  whole  mass  of  water  iu  the  bath  will 
become  heated  to  the  desired  point,  or,  if  above  it, 
the  temperatui-e  may  easily  be  lowered  by  tie  ad- 
mbiture  of  cold  water."  The  quantity  of  fuel  rccpiii-ed 
for  this  kind  of  bath  is  very  small,  as  is  the  time 
occupied  in  heating  it ;  but  two  or  three  things  have 
to  be  observed  in  using  it.  As  soon  as  the  water  is 
sufficiently  hot,  the  fire  shoidd  be  put  out,  or  there 
may  be  an  unpleasant  merease  of  heat  while  the  person 
is  iu  the  bath.  Care  should  also  be  taken  never  to 
make  so  fierce  a  fire  under  the  boiler  as  to  cause  flic 
water  in  it  to  boU  ;  for,  iu  this  case,  the  steam  risii;  t 
to  the  top,  and  coudcnsing  in  the  pipe,  occasiri,, 
violent  concussions,  which  are  very  apt  to  injure  fli- 
pipes,  while  they  also  cause  alarm  to  the  inmates  of 
the  house. 

Baths  are  sometimes  heated  by  steam ;  but  this  is 
more  suitable  for  public  t^ian  private  estabUshmeuts. 
Tinned  iron  or  copper  baths  are  also  sometimes  con- 
structed -with  an  outer  case,  in  which  water  flows, 
and  is  made  hot  from  a  fm'nace  at  one  end,  thus 
heating  the  whole  mass  witliin  the  bath.  The  simplest 
of  all  contrivances  for  large  establishments  is  that 
first  alluded  to,  and  which  may  be  employed  on  a  very 
large  scale.  A  large  boiler  comiected  with  the  cistern, 
placed  above  the  level  of  the  baths,  affords  the  means 
of  drawing  hot  water  in  any  quantity  dii-ectly  into 
the  baths.  Hot  water  shoidd  enter  the  bath  by  a 
pipe  of  li  mch  diameter,  and  cold  water  the  same ; 
and  every  bath  shoidd  have  a  2  inch  waste-pipe, 
opening  about  two  inches  from  the  top  of  the  bath, 
so  that  when  the  person  is  immersed,  or  the  pipes 
are  inadvertently  left  open,  there  may  be  no  danger 
of  an  overflow. 


BATTEN.  A  scautUng  of  stuO'  from  2  to  G  hiches 
broad,  and  from  fths  to  2  inches  thick.  Battens  are 
used  iu  walls  to  seciu-e  the  laths  over  which  thc- 
plaster  is  laid.  Before  fixing  the  battens,  equidistant 
bond  tirabei-s  are  either  built  in  the  wall,  or  the 
wall  is  plugged  in  equidistant  points.  The  plugs  ai'o 
generally  placed  at  the  distance  of  1  foot  or  14  inches 
from  centre  to  centre  in  the  length  of  the  batten. 
Battens  upon  exterior  walls,  quarters  in  partition 
walls,  the  ceding  and  bridging  joists  of  a  naked  floor, 
also  the  common  joists  for  supporting  the  boarding 
of  a  floor,  are  fixed  at  the  same  tlistance,  namely,  from 
11  to  12  inches  in  the  clear.  WTien  battens  are  fixed 
against  flues,  iron  holdfasts  are  employed  instead  of 
bond  tunbers  or  plugs.  "When  attached  to  a  wall, 
they  are  genendly  fixed  iu  vertical  lines.  Great  care 
should  be  takcu  to  regulate  flic  faces  of  the  battens, 
so  as  fo  1  ■  :.-  i:r,iil.  .  liii^i'  :■  !■:  .  im^slble  from  the 
iutciiil  4        I  l!ir  act  of  fixing 

battens  i,     ,     :  init  iu  floors  it  is 

called  /<.,,,'.  ,,  j/.i;;  y:~  .T  ni'  iiia.soury  or  brick 
work  wliieli  is  not  sullicieutly  dry  shoidd  be  battened 
for  lath  and  plaster.  "VTlien  the  windows  are  boarded, 
and  the  walls  of  a  room  not  sufficiently  thick  to 
contain  the  shutf  ers,  the  surface  of  the  plastering  is 
brought  out,  so  as  to  give  the  architrave  a  proper 
projection,  and  quart erings  are  used  for  supporting 
the  lath  and  plaster  instead  of  battens.  The  same  is 
also  done  when  the  breast  of  a  chimney  projects  into 
the  room,  in  order  to  cover  the  recesses,  and  make 
the  whole  side  flush,  or  all  in  the  same  sui-faee  with 
the  breast.' 

BAY-SALT      See  Salt. 

BE.;\1I,  in  buildtng,  is  a  piece  of  timber  or  metal 
used  for  sustauiing  a  weight  or  comiteracting  two 
equal  and  opposite  forces,  either  drawing  or  com- 
pressing it  in  the  dii-cctiou  of  its  length.  When 
employed  as  a  lintel,  it  supports  a  ■weight ;  when  used 
as  a  f  ic-l)caiii,  it  is  drawn  or  extended  ;  and,  as  a  coUar- 
1  I  .!.  ii  '^  roaipressed.  "The  word  beam  is  most 
i  aid  to  another  word,  used  adjeetively, 
■      11  ;i,  which  shows  the  use,  situation,  or 

f/M  ni  ih,  I  J,  am:  as  tie-beam,  collar-beam,  drugon- 
bt'ahi,  striiiiii/if/-lieam,  camber-beam,  hammer-beam,  bind- 
ing-beaiii,  girding-beam,  truss-beam,  summer-beam,  &e. 
Some  of  these  are  also  used  simply,  as  collar,  instead 
of  collar-beam ;  lintel,  instead  of  lintel-beam ;  girder, 
instead  of  gu'diug-beara  ;  summer,  instead  of  summer- 
beam.  Lintels  aud  girders  are  almost  constantly 
used  suuply,  and  bressummers  aud  joists  are  never 
used  in  composition." — Nicholson. 

BEAVER.      See  Hat. 

BEER.  At  nearly  aU  periods  m  the  world's 
history,  and  among  nearly  all  nations,  the  art  oi 
making  a  fermented  drink  from  some  kind  of  grain 
appears  to  have  been  known.  Of  all  the  cereals, 
barley  is  best  adapted  to  the  making  of  beer,  aud  it 
is  curious  to  notice  how  early  this  experuuental  fact 
was  discovered.  Herodotus,  who  wrote  about  450 
years  b.  c,  states  that  the  Egyjitians  made  their  v>i>te, 
as  he  calls  it,  from  barley,  because  they  had  no  vines. 
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The  Greeks  also  called  their  beer  lurley-icine.  Dios- 
corides  describes  two  kinds  of  beer  made  from 
barley.  Tacitus  states  that,  in  his  time,  beer  was 
the  conmion  drink  of  the  Germans,  as  it  is  at  the 
present  day.  Pliny  says,  that  all  the  nations  of  the 
west  of  Europe  make  an  intoxicating  liquor  of  corn 
and  water.  "  The  manner  of  making  this  liquor,  is 
sometimes  diiferent  in  Gaul,  Spain,  and  other 
countries,  and  is  called  by  many  various  names ;  but 
its  nature  and  properties  are  everywhere  the  same." 
Isidorus  and  Orosius,  describe  the  mode  of  manu- 
facture adopted  by  the  ancient  Britons  and  other 
Celtic  nations : — "  The  grain  is  steeped  in  water  and 
made  to  germinate,  by  wliich  its  spirits  are  excited 
and  set  at  liberty ;  it  is  then  dried  and  ground,  after 
which,  it  is  infused  in  a  certain  quantity  of  water ; 
whicli  being  fermented,  becomes  a  pleasant,  warming, 
strengthening,  and  intoxicatiug  liquor."  A  better 
definitiou  of  beer  could  scarcely  be  given  at  the 
present  day. 

The  curious  and  even  complicated  processes  of 
brewing,  have  thus  been  in  operation  during  several 
thousand  years,  but  it  has  only  been  witliin  our  own 
time  that  cliemical  science  has  enabled  us  to  compre- 
hend them.  It  win  be  seen  by  reference  to  the 
article  Bre-vd,  that  most  seeds  contain  a  considerable 
portion  of  the  well-known  nutritive  substance 
Stabch  or  feada.  IVlien  seeds  begin  to  germinate, 
a  peculiar  azotised  substance  named  diastase  (from 
8u(TTqiii,  I  separate)  is  formed,  which  possesses  the 
remarkable  property  of  convertrng  the  starch  iuto  a 
fermentable  sugar  resembling  cane-sugar,  but  not 
identical  therewitli.  This  change  does  not,  however, 
immediately  take  place,  for  the  starch  is  first  changed 
into  a  gummy  mucilaginous  substance,  largely  soluble 
in  water,  named  d^.rlrine,  from  the  action  of  its 
solution  upon  a  ray  of  polarised  light,  in  causing  the 
plane  of  polarization  to  turn  to  the  rigkt,  while  a 
solution  of  common  gum  causes  a  deviation  in  the 
opposite  direction.  Dextrine  docs  not  ferment  by 
the  addition  of  yeast;  but  by  the  action  of  diastase, 
it  is  readily  converted  into  starch  sugar,  which  is  fer- 
meutiblc. 

Preparatory  to  the  process  of  brewing,  the  barley 
is  converted  into  malt  by  being  made  to  germinate 
up  to  a  certain  point,  at  which  the  proportion  of 
diastase  is  largest ;  the  vitality  of  tlie  young  plant  is 
then  destroyed  by  heat.  The  operation  of  a  high 
temperature  also  seiTCs  another  useful  purpose,  for 
it  has  been  found  that  when  starch  is  carefully  heated 
up  to  a  point  when  vapour  rises  from  it,  it  loses  its 
gelatinous  character  and  becomes  converted  into 
dextrine.  In  the  kihi-drying  of  malt,  a  portion  of 
the  starch,  therefore,  undergoes  this  change.  In  the 
first  process  of  brewing,  namely,  infusing  or  mashing 
the  malt  with  hot  water,  the  starch  or  dextrme  of 
the  grain  is  converted  into  sugar  by  the  action  of 
the  diastase,  the  quantity  of  wliich,  iu  malted  barley, 
scarcely  exceeds  1  part  in  500.  A  solution  of 
diastase  has  no  remarkable  action  on  most  vegetable 
imnciples,  but  on  starch  it  exerts  a  specific  action, 
converting  it  first  uito  dextrii:e  and  afterwards  into 


stareh-?ugar.  The  change  of  starch  into  dextrine  by 
the  action  of  diastase,  takes  place  in  gelatinous 
starch  even  at  the  freezing  point  of  water ;  but  the 
conversion  into  sugar  is  most  powerful  between  150° 
and  1G0°.  At  the  boding  point  of  water,  diastase 
ceases  to  act  on  starch.  So  powerful  is  the  action  of 
diastase  at  proper  temperatures,  that  1  part  is  said 
to  be  sufficient  to  saccharify  2000  parts  of  dry  starch ; 
but  the  larger  the  proportion  of  diastase  the  quicker 
the  change.  Thus,  Messrs.  Payen  and  Persoz,  bj 
the  action  of  diastase,  converted  starch  into  dextrine 
or  sugar  according  to  the  temperature  of  the  mixtm-e 
and  the  duration  of  the  process.  In  a  mixture  of 
from  6  to  10  parts  of  pale  malt,  100  of  starch,  and 
400  of  water,  the  starch  was  converted  chiefly  into 
dextrine,  in  from  20  to  30  minutes,  at  the  tempera- 
tui-c  of  158°;  but  at  the  temperature  of  167°  the 
starch  was  almost  entirely  converted  into  sugar  in 
the  course  of  2  or  3  horns. 

These  details  throw  great  light  upon  the  ancient 
arts  of  malting  and  brewing,  and  wiU,  doubtless, 
assist  the  reader  in  following  the  practical  details 
which  we  are  now  about  to  enter  upon. 

ITie  prmcipal  substances  concerned  in  the  manu- 
facture of  beer  ai-e  two ;  the  one  to  form  the  sugar, 
and  consequently  the  alcohohc  portion  of  the  liquor  ; 
the  other  to  communicate  a  particidar  flavour,  and 
also  to  assist  in  its  preservation.  The  experience  of 
mankind  has  led  to  the  choice  of  barley  for  the  first 
object  and  hops  for  the  second.  But  instead  of  baiiey, 
any  of  the  cereals,  such  as  wheat,  oats,  maize,  rice, 
<S.'c.,  are  fitted  for  the  purpose,  in  consequence  of  the 
quantity  of  starch  contained  in  them,  and  occasion- 
ally other   vegetable    bitters    are    substituted    for 

There  are  two  species  of  barley,  Hordeam  vulgare 
and  Hordeum  hexastichon.  In  the  first  or  common 
barley,  two  seeds  are  arranged  in  a  row  on  its 
spikes ;  and  in  the  other,  three  seeds  form  a  point, 
so  that  its  double  row  has  apparently  six  seeds.  It 
is  a  hardy  plant,  better  adapted  to  cold  climates  than 
common  barley ;  it  is  largely  cultivated  in  Scotland 
under  the  name  of  bear  or  big.  The  finest  barley  is 
grown  in  mild  climates,  and  hence  the  barley  of 
Norfolk  and  Suffolk  has  a  denser  and  larger  grain 
and  a  thinner  husk  than  that  of  Scotland.  When 
barley  is  converted  into  malt,  a  change  takes  place, 
which  is  represented  in  the  following  comparative 
analysis  by  Dr.  Thouison.  100  parts  of  bailey  and 
100  parts  of  malt  contain  respectively — 


In  100 


100 
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100 


But  according  to  Proust,  barley  also  contains  a 
peculiar  substance,  not  soluble  in  hot  water,  which 
he  terms  kordein,  and  which  during  malting  is 
diminished  in  quantity  and  converted  into  starch  or 
sugar.      Hitherto,   hordcin   appears  to  have  been 
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)Lcted  to  the  gieatei  heat  of  the  lowei  floor 
Glial  coal  ib  the  only  kind  of  fuel  which  is  found  not 
to  lujme  the  fla^oui  of  the  hops  They  are  ecu 
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essential  oil  a  resm  m  azotised  substance  sid))hu 
sibea  chloude  of  calcium  sulphite  and  iinlatc 
potash  phosphate  and  caibonatc  of  lime  and  o\ii 
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cover  it  The  water  is  often  intioduccd  1x1  i 
barley  and  it  is  customary  to  draw  off  this  ■ 
and  mtioduce  fiesh  duimg  the  stecpin,  to  pi 
anything  like  fermentation  The  law  loqmicb 
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steciiiiig.  Dr.  Thomson  states  the  general  average 
to  be  0.47 ;  or  100  lbs.  of  barley  steeped  the  usual 
time,  weigh,  when  taken  out  of  the  steep  and  di-ied, 
li7  lbs.  English  barley  acquires  more  weight  than 
Scotch  barley,  and  this  more  than  big.  While  the 
barlej  is  in  the  steep  cistern  it  is  gauged  by  the  ex- 
ciseman, and  the  duty  on  the  malt  is  levied  by  what 
is  called  the  best  gauge,  or  that  which  gives  the 
greatest  bulk  of  grain.  Dr.  Thomson  has  kuo\ni 
Suffolk  barley  to  swell  from  100  to  183.  This  was 
the  greatest  he  ever  observed ;  the  smallest  was  from 
100  to  109,  which  took  place  iu  Perth  big. 

As  the  sxeep-water  becomes  of  a  yellow  colour,  the 
grain  becomes  whiter,  and  so  soft  that  the  two  ends 
of  a  grain  can  be  squeezed  together  between  the 
finger  and  thumb.  The  water  is  then  let  off,  and  the 
grain  allowed  to  drain.  It  is  then  thro\iTi  out  of 
the  cistern  upon  the  malt  floor,  and  arranged  in  a 
regular  rectangular  heap  called  the  Couch.  Here  it 
is  again  gauged  by  the  exciseman,  and  if  it  measui-c 
more  than  it  did  in  the  steep,  be  can  charge  an 
increased  duty.  The  grain  remains  in  the  couch 
about  26  hours,  during  which  time  it  gradually  in- 
creases in  temperature,  and  parts  with  its  moistui-c. 
In  about  96  hom-s  after  being  thrown  ont  of  thr 
steep,  it  is  about  10''  liigher  than  the  temperature  c  I' 
the  surrounding  aii'.  It  exhales  an  odour  rcsembliiii; 
that  of  apples;  it  feels  warm  and  moist  if  the  hau  I 
be  thrust  into  it.  This  moisture  is  called  sweatiii:;. 
and  on  examining  the  grains  in  the  interior  of  tla 
heap,  it  will  be  found  that  germination  has  com- 
menced. SmaE  I'oots  appear  at  the  bottom  of  each 
seed,  having  at  first  the  appearance  of  a  white  pro- 
minence, which  soon  divides  into  three  or  more 
rootlets,  which  rapidly  increase  in  length  unless 
means  be  taken  to  check  their  growth,  and  in  doing 
so  consists  the  principal  art  of  the  maltster.  The 
temperature  is  lowered,  and  the  growth  of  the  roots 
checked  by  the  operatiou  of  flooring  or  spreading 
the  grain  thinner  upon  the  floor,  and  turning  it  over 
carefully  several  times  a  day  (see  Fig.  105),  so  as  to 
keep  it  at  the  temperature  of  about  62°.  Por  this  pur- 
pose the  depth  of  the  layer,  which  at  fii'st  is  16  inches, 
is  diminished  a  little  every  time  the  grain  is  turned, 
till  at  length  the  depth  is  only  3  or  4  inches.  About 
a  day  after  the  sprouting  of  the  roots,  the  rudiments 
of  the  future  stem,  called  by  the  maltsters  acrospire, 
begin  to  appear.  It  rises  from  the  same  extremity 
of  the  seed  with  the  root,  and  advancing  witldn  the 
husk  would,  if  the  process  were  continued,  at  length 
issue  from  the  other  extremity  in  the  form  of  a  gi-een 
leaf,  but  the  process  is  stopped  before  it  has  made 
such  progress.  During  this  process  the  grain  absorbs 
oxygen,  and  emits  carbonic  aeid;  and  the  tem- 
perature rises  to  about  70°,  and  in  some  cases  even 
to  90°.  The  appearance  of  the  kernel  or  mealy 
part  of  the  com  undergoes  considerable  change. 
The  glutinous  and  mucilaginous  matter  in  great 
measure  disappears,  the  colour  becomes  whiter,  and 
the  textui-e  so  loose  that  it  crumbles  to  powder 
between  the  fingers.  "When  the  aerospne  has  come 
nearly  to  the.  extremity  of  the  seed,  the  process  is 


stopped,  and  the  object  of  malting  has  been  accom- 
plished. The  tmie  usually  occupied  in  this  process 
of  couching  is  about  14  days. 

The  geraiiuation  of  the  malt  is  stopped  by  drying 
upon  a  kHn,  which  consists  of  a  chamber,  floored  with 
an  irou  plate  full  of  holes,  and  fui-nished  with  a  vent 
in  the  roof  for  the  escape  of  fumes.  Below  this 
floor  is  a  furnace  containing  charcoal  or  coke,  and 
the  heated  aii-  ascends  through  the  holes  of  the 
floor,  and  then  llu-ough  the  malt,  as  in  lig.  100. 


The  malt  is  fii'st  heated  to  about  90°,  and  then 
slowly  raised  to  140°  or  higher.  The  more  rapid 
the  drying  of  the  malt,  the  greater  is  its  bulk,  and 
as  malt  is  sold  by  measui-e,  it  is  to  the  interest  of 
the  maltster  to  di-y  it  quickly ;  but  the  time  allowed 
ought  to  be  about  two  days.  When  the  fii-e  is  with- 
di-awn,  the  malt  is  allowed  to  remain  until  it  is  nearly 
cold.  In  this  process  the  roots  of  the  grain,  or 
comings,  as  the  maltsters  term  them,  di-y  up  and  fall 
off,  and  are  sepai-ated  by  allowing  the  malt  to  fall 
from  the  floor  above  through  shoots,  the  ends  of 
which  are  represented  in  the  ceiling  of  Fig.  107,  into 
a  wire  screen,  the  wii-es  of  which  are  set  too  close  to 
allow  the  gram  to  pass  thi-ough.  To  delay  the  pro- 
gress of  the  malt  down  this  screen,  boards  ai-e  placed 
crosswise  at  a  short  distance  from  the  wires;  and 
the  workman,  by  agitating  the  malt  with  a  stick, 


After  this  maltmg,  diyuig,  and  cleaning,  Di  Tliora 

son  found  that  100  lbs.  of  biiley  orijjni  illy  employed 

TviU  weigh  on  an  averige  80  lbs  ,  but  it  the  law  giam 

be  kdu  diied  it  the  same  temperatiue  as  the  milt, 

it  wiU  lose  13  pel  cent  of  its  weight    Hence  the  leal 

loss  of  weight  sustained  by  bailey  m  miltmg  amoimts 

to  8  pel  cent ,  which  is  thus  accounted  foi  — 

Carned  off  by  the  steep  watei  1  5 

Dissipated  ^^hile  on  the  flooi  3  0 

Roots  sepal  ated  by  cleaning  3  0 

Waste  .  0  J 

SO 

The  waste  aiises  from  grams  of  molt  ciushcd  by 
the  woilmcu  while  tiunuig  the  malt  on  the  flooi 
Big  sustains  a  much  gieatei  loss  of  weight  when 
malted  than  bailey 

The  bulk  of  the  malt  is  gieatti  than  that  of  the 

birley  fiom  which  it  is  obtamcd,  but  the  amount 

vanes  with  the  goodness   of    the  giam,   and    the 

method  of   kiln   diymg      Acooidmg  to   the   same 

authority,  100  bushels  of  the  diffeient  kinds  of  giam 

gave  on  an  avenge  the  followmg  lesults  — 

Engbbh  bailey  109 

Scotch  barley  103 

Scotch  bi^'  100  6 

Good  milt  should  1 
uishrivtUed  m  the  gi; 
and  the  giain  should  be  bghttr  than  watci  The 
acrospu-e  should  be  seen  to  extend  scaiceiy  moie 
than  thiee  quarters  through  the  length  of  the  husk 
The  giams  should  bieak  without  difficulty,  and 
disclose  a  fuU,  floweiy,  meUowkcinel,  ^^luch  if  diawn 
av^ross  a  board,  leaves  a  chalky  ti  ice  No  pait  of 
the  kernel  shoidd  be  hard  or  horny.  The  taste 
should  be  sweet  and  meUow.  The  colour  is  pale  and 
bright,  and  the  odour  agxeeable. 

The  quantity  of  malt  charged  with  duty  in  the  year 
1 859,  in  the  United  Kingdom,  was  5,403,010  quarters; 
there  were  also  659,883  quarters  free  of  duty  for 
distillers.  The  quantity  used  by  brewers,  &c.,  was 
4,800,403  quarters. 

The  varieties  of  malt  known  as  pa/p,  amber,  and 
hroion,  can  be  produced  from  the  same  kind  of  malt 


urcR  : 

e  ladicL      Ihoj  by  ^•'lymg   the  teuiciitutc    tf  the   dijmic     I 

L  to  become  soft     malt  is  dried  at  the  picpci  tunpci  ifiiu,  uid  \  i  idu 

tare  the  stiongest  and  best  bcci      Aiubci  colouicd  n 

is   seoiched,  and  in  bioA(u  mdt  the  booiclimg 

cuu  d  t      t     utiin  t  hint      Indrcd  this  ■^cncl, 


which  it  cominumcatcd  to  tin.  bi,Li  u^cthti  ^utl  i 
daik  colour,  and  bemg  agicable  to  the  j  alati,  and  Ii  ss 
ejtCitmg  thm  ale,  it  became  the  favouuto  be\ciige 
of  the  common  people,  especially  m  the  mctiopolis  ' 
But  when  he  ivy  taxes  weie  imposed  upon  ni  ilt,  the 
bieweis  discovered  that  a  much  lai^ci  qumtityol 
woit  ot  a  gi\en  sticUoth  could  bo  piei  tied  ficm 
pile  malt  than  fiom  the  biown  The  eonsiquLnce 
was  tint  portei  changed  its  charactei ,  toi  it  m  as 
biewcd  fiom  pole  malt,  and  colouied  with  blown 
malt,  while  to  imitate  the  pleasant  agiceable  bittei 
of  the  genuine  poitcr,  quassia,  cocculus  mdicus,  and 
othei  substances  were  employed  By  the  act  5Cth 
Geo  in  c  58,  no  biewer  is  allowed  to  use  oi  have 
l!i  his  possession  any  substance  whatever  for  the 
pmpose  of  darkemng  his  worts  oi  bcei,  except 
blown  malt,  noi  is  he  allowed  to  mii.  with  his  woits 
01  bcci  any  molasses,  honey,  liquorice,  vitiiol,  quassia, 
cocculus  mdieus,  giams  of  paiacbse,  Guinea  peppci 
01  opiiun,  01  any  iilicle  oi  prcpaiation  whatsoever, 
foi,  01  as  a  substitute  for  malt  oi  hops,  undci  the 
penalty  of  foifeituie  and  200^  for  each  oflence,  and 
any  person  sellmg  the  same  to  a  biewei  foi  such 
puipobe  is  liable  to  a  penalty  of  500/  By  the  lot 
1st  WiU  IV  c  51,  foi  lepealmg  the  ale  and  beer 
duties,  the  use  of  unrailted  coin  oi  giam,  with 
malted,  is  foibiddcu  under  a  penalty  of  200/ 

Bicwmg  consists  of  mx  piocesscs  namely  rjundmg 
the  malt,  na^hiiig  or  infusmcj  with  1  t  w  itti  b  dug 
the  woit  with  the  hops,  si  Img 

with  the  adcbtion  of  yeast        I  Vc 

The  malt  should  be  gioui  I  I  into 

a  coaiso  powder,  foi  )f  hud  ^  111  1  i  the 
hot  w  ater  woidd  cause  it  to  set  oi  coaf,id  itc  mto  lumps, 
and  thus  pi  event  a  large  poition  ot  it  fiom  bemg 
wetted  at  all  Two  horizont  J  circidai  stones,  such 
as  aie  used  m  gimdmg  flour,  aie  sometimes  used,  but 

(1)  Accord  ng  to  Malone  tefore  the  ^  ear  1730  tl  e  ii  ilt  1  quors 
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it  is  not  possible  to  regulate  the  distance  between 
them,  so  as  to  prevent  some  of  tlie  grains  from  being 
ground  to  tlour,  wlule  others  escape  almost  untouched. 
Steel  mills  Tvliich  cut  the  gnuns  by  means  of  teeth 
something  like  coffee  mills  are  also  used ;  they  are 
preferable  to  mill-stones,  but  grind  the  malt  too  much. 
The  best  contrivance  is  a  pair  of  case-hardened  ii-on 
rollers,  regulated  at  such  a  distance  apart,  that  the 
grains  in  passing  tl&ough  them  are  biiiised  only,  not 
cut  or  gi-ound. 

The  water  being  heated  to  about  160°  or  170°  in  a 
large  copper,  is  drawn  off  into  a  mash  tun  situated 
at  a  lower  level.  When  the  water  has  cooled  down 
to  about  160°  or  under,  a  quantity  of  crushed  malt  i 
shaken  iu,  sufficient  to  absorb  nearly  the  whole  of  the 
water  when  thoroughly  stin-ed  up  with  long  poles 
called  oars,  or  by  means  of  stirrers  withhi  the  mash  tun 
moved  by  machinery  (Fig.  109).  The  quantity  of  water 
ought  to  be  sufficient  thoroughly  to  wot  the  m.nlt,  and 


to  cause  it  to  swell  considerably,  so  as  completely  to 
dissolve  the  sugar  fonned  during  the  malting,  and  to 
allow  the  diastase  to  re-act  upon  the  starch,  which 
\mtil  now  has  remained  unchanged.  It  has  even  been 
recommended  to  use  the  tu-st  portion  of  water  at  so 
low  a  temperature  as  110°,  iu  order  to  prevent  any 
tlihig  Kke  coagulation  iu  the  starch.  When  the  first 
water  has  thoroughly  saturated  the  malt,  and  been 
left  to  rcnosc  for  about  half-an-hom-,  a  second  quantity 
of  water  at  194°  may  be  introduced,  and  the  mixture 
well  stiri-cd  up.  This  mixture  of  water  at  11-0°  and 
194°,  formhig  a  mean  tcraperatm-e  of  167°,  is  most 
favourable  for  the  action  of  the  diastase.  The  mash 
tun  should  be  covered  up  and  left  dming  two  or 
three  hours.  The  clear  intusion  of  sweet  wort  as  it 
is  now  called,  is  then  drawn  off  into  a  vessel  called  an 
underbade,  situated  at  a  lower  level  than  the  mash 
tun.  This  first  infusion  having  carried  off  the  greater 
portion  of  the  sugar,  and  saccharified  nearly  all  the 
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starch ;  the  temperature  of  tne  water  for  the  next  or 
!>econd  mash  as  it  is  called,  may  be  as  much  as  194°. 
This,  mmglmg  with  the  cooled  malt,  is  reduced  to 
176°.  When  tliis  infusion  is  drami  ofl",  it  is  added 
o  the  fu-st. 

In  the  third  mash,  the  water,  which  is  near  the 
boiling-point,  removes  all  the  remaimng  soluble 
matter,  and  leaves  in  the  mash  tun  the  ligneous  pellicle 
or  husk  of  the  malt,  a  portion  of  coagidated  albumeu, 
and  some  foreign  insoluble  matters.  This  thu-d  infu- 
sion is  not  usually  added  to  the  fii-st,  but  it  is  used 
for  making  small  beer,  or  for  wetting  new  malt. 

The  quantity  of  water  employed  for  mashuig  de- 
pends, of  course,  on  the  greater  or  less  strength  of 
the  worts.  After  the  wort  is  drawn  off,  the  malt  re- 
tains about  32  gallons  of  water  for  every  quarter  of 
malt  used.  Iu  the  subsequent  boUing  and  evaporation 
from  the  coolers    40  gallons  of  water  are  dissipated 


for  every  quarter  of  malt,  making  72  gallons  loss  of 
water  in  all ;  so  that  if  13  quarters  of  malt  be  taken 
to  make  1,500  gallons  of  beer,  2,400  gaUons  of  water 
wfll  be  required  for  mashing. 

In  order  that  the  wort  may  flow  off  clear,  the 
mash  tun  is  furnished  with  a  false  bottom,  raised  a 
few  inches  above  the  ordmary  wooden  bottom  of  the 
vessel,  and  composed  of  metal  plates,  lying  closely 
together,  and  fitting  the  tun  perfectly  all  round. 
These  plates  are  perforated  with  numeroiis  funnel- 
shaped  holes,  the  widest  part  being  downwards,  and 
the  hole  in  the  upper  surface  too  small  to  allow  the 
grain  to  pass  through.  The  cock  for  di-aming  off 
the  wort,  or  settbiff  the  tap  as  it  is  called,  is  placed 
in  the  tub  between  the  two  bottoms. 

The  first  wort  ought  to  be  of  the  colour  of  the  malt 
from  which  it  is  extracted  ;  of  a  heavy  sweet  taste, 
and  more  dehcate  in  flavour  than  the  succeeding 


worts,  because  the  water  was  not  sufficioutly  hot  to 
bring  away  the  coarser  and  more  disagreeable  parts  of 
the  gram.  On  this  aecoimt  the  first  wort  is  sonic- 
times  reserved  for  superior  ales,  and  the  second  and 
third  for  inferior  beers. 

In  order  that  the  brewer  may  be  able  to  brew  bocr 
of  the  same  quality,  it  is  necessary  for  him  so  to 
regidate  the  strength  of  his  worts,  or  in  other  words, 
the  quantity  of  saceharme  matter  in  the  same 
measure  of  water,  that  they  may  be  at  all  times 
identical.  As  the  same  weight  of  malt  does  not 
always  afford  the  same  quantity  of  su"*  t  th  w  t 
he         1     tl    w    t     fth    hff       t       h  1 
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•age  19.0  lbs.  per  barrel.  This  would  ho 
too  weak  lor  ale,  and  too  strong  for  small  beer. 
Suppose  the  worts  (a  1)2  mixed  in  other  proportions, 
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used  m  brewmg  m  warm  than  m  cold  weather,  and 
also  if  the  beer  is  to  be  kept  a  long  time  or  sent  to 
a  warm  climate.  The  Kent  and  Sussex  hop  is  strong 
and  pungent,  and  is  henee  preferred  by  porter 
brewers ;  the  AVorcester  hop,  being  milder  and  paler, 
is  used  for  ales.  For  strong  beer,  4^  lbs.  of  hops  to 
a  quarter  of  malt  is  sometimes  allowed.  For  the 
stronger  kinds  of  ale  and  porter  tlie  i-\ile  is,  in  Eng- 
land, to  allow  1  lb.  of  hops  for  every  bushel  of  malt, 


or  8  lbs  to  tlie  quarter ,  but  for  common  beer,  icldom 
more  than  J  lb  hops  to  the  bushel  is  allowed 

The  boilmg  bemg  complete,  all  the  bitterness  of 
the  hop  bemg  extricted,  the  worts  aie  let  down  mto 
the  hop  bad  which  is  i  cistern  with  a  met-d  bottom 
full  of  smill  ]  X  1    ii    I  t     IS  a  stnmei      The 

liquor  IS  tl  to    Fi^   ll5    1 


shiiilow  \cssei  of  coi  sidLiible  i  "i,  usua  ly  situated 
at  the  top  ot  the  hrcweiv  lud  cxpo'ted  ou  ill  sides 
to  a  cuiient  -of  in  The  coohng  ought  to  be  as 
rapid  as  possible,  to  prevent  icctification,  oi,  as  the 
brewers  term  \i,  foiing  for  which  purpose  a  hon 
zontal  f-vn,  movrng  iipidly  rouud,  cieates  i  powerful 
draught  of  an  ovei  the  surface  A  ripid  cooling  is 
sometimes  effected  by  pisimg  the  wort  thiough  long 
pipes,  which  iie  smiounded  by  large  qmntities  of 
cold  water  this  expedites  the  busmess  of  the  biewery, 
and  greatly  diminishes  the  risk  of  foxing. 

When  the  worts  arc  cooled  down  to  55°  or  60°, 
and  in  some  cases  63°,  they  are  received  into  the 
fermenting  tun,  which  is  a  vast  cii'cular  vat  or  tub 
bound  with  strong  iron  hoops  and  covered  in  at  all 
parts,  except  a  hole  which  may  be  opened  to  inspect 
the  process  or  to  clean  out  the  tun.  A  quantity  of 
yeast  is  then  added,  varying  with  the  strength  of' the 
wort  and  the  season  of  the  yeai- ;  but  in  general, 
1  gallon  of  yeast  is  suiEeient  to  set  100  galloiiii  of 
wort  in  complete  fermentation.  In  warm  weather 
the  yeast  is  not  added  at  once ;  but  portions  of  the 
worts  are  let  down  from  the  coolers  into  the 
fermenting  tnn  at  different  times,  and  a  smaU  portion 
of  yeast  is  added  each  tune.  With  large  quantities 
of  wort  the  temperature  often  rises  very  rapidly, 
and  many  precautions  are  requii-ed  to  prevent  the 
fermentatiou  from  becoming  unmanageable.  For  the 
scientific  opinions  respecting  fermentation,  we  must 
refer  to  oui-  article  on  that  subject,  but  the  phenomena 
of  the  process  as  it  respects  ale,  are  weU  described 
by  Mr.  Donovan :—"  After  the  mixture  of  wort  and 
yeast  has  been  made  some  time,  a  frothy  rin"  is 
observed  leaving  the  sides  of  the  tun,  and  proceeding 
a  few  inches  towards  the  centre;  and  this  is  sue''- 
ceeded  by  another  and  another  until  at  length  the 


whole  smface  is  covered  with  a  thin  creamy  froth. 
At  the  «ame  time  a  hissing  noise,  or  feeble  effer- 
veseence  is  heard,  owing  to  the  breaking  of  innu- 
merable air  bubbles  on  the  surface ;  and  there  is  a 
small  mcrease  of  volume,  occasioned  by  involved 
caibome  acid.  Meanwhile  the  froth  rises  higher ;  at 
first  equally,  and  at  length  into  abrupt  elevations 
lesembbng  rocks,  as  they  are  called  by  brewers. 
The  colour  of  the  froth  at  this  period  deepens :  at 
first  it  was  white ;  next  it  became  yellow ;  and  lastly, 
(ilthough  it  is  better  if  not,)  it  often  becomes  a 
biownish  yellow.  The  froth  is  now  highest  in  the 
nuddle  of  the  tun,  and  the  fermentation  is  at  its 
marimim  At  this  time  the  froth  has  become  more 
nscid,  it  holds  the  carbonic  acid  more  obstinately 
unolved,  the  bubbles  break  into  each  other  and 
ionn  large  ones,  which  in  their  turn  break,  and 
occasion  sudden  subsidence  in  different  parts  of  the 
foamv  head.  At  length  the  whole  head  begins  to 
flitten  and  subside ;  the  middle  part,  which  was  the 
lughe-^t  becoming  now  the  lowest ;  and  the  femienta- 
tion  dimimshes.  The  viscid  head  of  yeast  becomes 
more  dense;  and  having  parted  with  its  gas,  would 
soon  fall  down  to  the  bottom  of  the  tun  if  permitted; 
but  at  that  period  it  is  skimmed  off,  and  the  skimming 
repeated  at  intervals,  as  fast  as  yeast  appears  on  it. 
This  IS  done  as  well  to  lessen  the  fermentation  as  to 
leniove  a  certain  disagreeable  bitterness,  with  which 
this  first  yeast  is  impregnated,  and  which  there  is  a 
risk  of  returning  to  the  wort,  were  it  not  now 
removed  " ' 

Diumg  this  vinous  fermentation,  a  portion  of  the 
sugai  of  the  wort  is  converted  into  alcohol.  When 
the  active  fermentation  is  over,  tie  head  formed  on 
the  hquor  m  the  tun  woidd,  if  left  to  itself,  subside ; 
the  efi'ervescence  would  entirely  cease;  the  liquor 
would  become  transparent ;  but  after  a  short  time  a 
new  set  of  changes  would  take  place;  the  acetous 
fermentation  would  set  in,  and  the  contents  of  the 
vat  would  be  converted  into  vinegar.  [See  Acetic 
Acid.]  To  prevent  this,  and  at  the  same  time  to 
retain  the  alcohol,  the  aroma  and  bitter  of  the  hop, 
and  the  carbonic  acid  in  solution,  and  to  cleanse  the 
beer  of  the  minute  particles  of  yeast  which  are 
floating  through  it  and  rendering  it  muddy,  the  beer 
is  racked  off  into  a  number  of  vessels  like  hogsheads 
called  the  rounds  (Fig.  114:),  in  which  the  \-inous  fer- 
mentation is  completed.  A  large  quantity  of  carbonic 
acid  is  slowly  liberated,  wliieh,  attaching  itself  to  the 
suspended  particles  of  yeast,  carries  them  up  to  the 
bung-hole,  where  both  are  expelled.  The  bung-hole 
of  each  cask  is  famished  with  a  sloping  tray,  which 
discharges  the  yeast  into  a  wooden  trough,  in  which 
the  stillions  stand  (Fig.  114).  These  stdUons  are 
placed  in  communication  with  a  store  tub,  which 
keeps  the  rounds  always  full,  so  that  the  head  of 
yeast  may  pass  freely  over,  and  keep  the  body  of  the 
liquor  in  the  cask  clean. 

Wlien  the  fermentation  is  over,  the  beer  is  either 
pumped  up  from  the  rounds  into  immense  store-vats 
(Fig.  115),  some  of  which  contain  upwards  of  1,500 
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et  Cjclopadi.i. 


Ijarreb,  wliere  it  is  Incept  until  requii-ed  to  be  dnnvu  off     can-iages,  &c.     The  beer  is  never  stationary 


asks  foi  consuiDptiou,  oi,  m  the  case  of  alo,  the 
cleausmg  is  carried  on  in  the  casks  in  which  the  liquoi 
IS  af*crwaids  sent  out     AJtei  the  cleansing,  the  casks 
aie  bunged  down  tiglitlj, 
which  lb  still  genented 
ictamcd  by  i  fdi  uif  1 


o  tint  the  caiboiiic  acid, 
■small  quantity,  may  be 


mipait  to  it  that  spUghthncss,  shaipucss,  aud  foau  nig 
heul,  %\liicli  aie  so  much  admiied  It  is  impoitaiit 
to  ariCbt  the  feimcntation  while  a  "ood  dral  rf  <;  c 
charme  mattei  remains  m  the  1        I       t  H  11 

expended,  theie  would  be  uril 
passing  into  the  acetous  feu  1 

impoitancc  to  ciiiy  tlio  lei 


otheniise  tlieie  will  be  too  httle  caibomo  acid  gene- 
rated ,  the  beer  ^Mll  be  ma-nkishly  sweet  aud  hca^y, 
fiom  a  deficiency  of  alcohol ,  and  it  will  be  hablc  to 
fidliiiri,  01  occasional  buists  of  weak  feimcntation, 
whene\ei  the  weather  becomes  waimci  than  usud 

The  store  cellais  should  be  kept  as  cool  as  poasible, 
free  fiom  alternations  of  tempeiatuie,  vibiations  ol 


s  of  feimcntation 
liilI  nib  a  liquid 


qnabty,  even  m  the  stoie  vats 
ceases  to  impiove  by  the  decomposition  of  its  lesiduaiy 
sugai,  it  begins  to  degenerate  into  Miu^ai  lu 
common  strong  ale  oi  beei,  the  piopoiti  n  ol  dc  hoi 
lb  about  4  per  cent ,  m  the  best  brown  stout  0  ,  m 
the  strongest  ale,  8 ,  but  m  common  beci,  not  moie 
th  m  1  pel  cent  The  nntutivo  piopeities  of  beer 
depend  on  its  giun,  sug^i,  tnd  si  ueh  gum  m  solution 
It  I  111  lis  110111  ifie  matteis,  lactic  acid,  different 
1  1  1    the  lattei  \  arying  from 

b  hastened  by  means  of 
I  ismgUss  in  weak  sour 
1  LLi  m  It  fioui  a  1  uth  iiash  of  the  same  malt,  is 
put  into  c^ery  cask  It  foims  a  kind  of  web  over  the 
suifaee  of  the  hqnoi,  and  giadually  sinkmg  to  the 
bottom,  rallies  \\\i\\  it  all  the  floceulent  matter,  and 
leaves  the  beei  tiauspaitnt 

We  see,  then,  that  by  the  pioc 
the  heavy  \ioit  has  become  ti  n 
now  called  boei  or  ale,  ot  ii  vity, 

in  consequence  of  the  deu  1    nig 

paitly  tiansfoimed  into  a  1  ess 

ot  attenimtion  as  it  is  c  11    I  )   is 

carefully  watched  by  the  1  I   liy 

the  sacehaiometer,  by  wh    I  1  I      cf 

the  qumtify  of  alcohol  fci  with 

the   amount   of  sugai  wIulIi      i.  i  u-nt 

indicated  to  him  as  present  m  the  ^\olls,  ho  e  ui 
thus  dotcimme  the  amount  of  unaltered  sugai  ytt 
lem  luiing  m  the  beei  as  its  food,  and  thus  judge  of 
the  time  that  it  can  be  kept 

"VVe  wdl  now,  with  the  assistance  of  a  dugiam, 
biicfly  iccapitulate  the  vaiious  processes  of  biewmg 
on  a  large  scale  Fig  116  is  the  aiiangcment  of  a 
large  poitei  biewery  The  malt  is  hoisted  up  fiom 
the  stiect  by  means  of  a  ei  me,  and  is  stoic  1  lu  spa 
oious  gianaiies  oi  nnlt  lofts,  m  l,  at  the  top  ol  the 
budthug  Immecbately  below  the  granary  is  the  mill 
M,  foi  eiushiug  the  malt,  and  in  the  floor  below  ar* 
millstoufs,  ms,  for  grinding  the  malt,  when  it  is 
leqmied  to  do  so.  The  enished  or  ground  malt  is 
convejed  by  a  tiough  into  a  chest,  c,  from  which  it  is 
laiscd  by  the  action  of  a  spiral  screw  into  the  large 
chest  01  bin,  b,  situated  directly  over  the  mash-tun, 
ji  T,  into  ^ihich  it  is  let  do^\^l  as  it  is  wanted.  The 
n  atei  foi  the  seiviee  of  the  brewery  is  obtained  from 
the  -svell  w  by  a  lifting-pump,  worked  by  the  steam- 
engine  s  E ,  a  forcing-pipe  /  of  the  pump  conveys 
water  up  to  the  large  cistern  or  water-back,  w  B,  at 
the  top  of  the  engine-house.  Prom  this  cisteioi  ii-on 
pipes  aie  laid  to  the  copper  r,  and  also  to  every  part 
of  the  breweiy  where  water  is  wanted  for  cleansing 
and  waslung  the  vessels.  The  copper  p  can  be  filled 
by  turimig  a  cock,  and  the  water,  when  heated,  is 
com  eyed  by  the  pipe  p  into  the  mash-tun  m  t.  It  is 
mtioduccd  beneath  a  perforated  false  bottom,  upon 
which  the  malt  hes,  and,  rising  up  through  the  holes, 
comes  in  contact  with  the  malt.  The  copper  is  iiiime- 
didtely  lefilled  for  a  second  mash.  The  wort  from 
the  malt  is  diauied  off  into  an  imderback,  ^l.  h,  situated 


120  M 

immediately  under  the  masli-tuu,  from  wLick  it  is 
pumped  into  the  copper  r,  or  into  a  vessel  situated 
above  it,  by  means  of  the  three-barrelled  pump  along 
a  tube  not  shown  in  the  diagram.  TFlien  the  water  for 
the  succeeding  mashes  is  let  out  of  the  copper,  the 
wort  is  introduced,  with  the  proper  proportion  of 
hops,  from  the  hop-loft  h.  'UTien  the  boiling  has 
coulmued  a  sufficient  length  of  time,  the  contents  of 
the  copper  are  run  off  through  a  large  cock  into  the 
jack-back,  J,  which  has  a  perforated  bottom  to  strain 
off  the  hops.  The  hot  wort  is  drawn  off  from  the 
jack-back  through  t'he  pipe  a  by  the  three-barrelled 
pump,  which  throws  it  up  into  the  coolers,  c,  whicli 
are  built  in  several  stages,  and  open  at  the  side,  by 
means  of  louvers,  to  the  air.  "U'hen  the  wort  is  suf- 
ficiently cooled,  it  is  conducted  in  pipes  from  all  tho 
different  coolers  to  the  large  fermenting- vessel,  ft, 
in  which  the  first  fermentation  is  conducted.  From 
tJiia  vessel  the  beer  is  introduced  into  the 


where  the  fermentation  is  complclcd,  after  which  the 
beer  is  drawn  off  mto  immense  store  vats,  where  it  is 
kept  tfll  wanted.  The  steam-enguie,  s  E,  which  gives 
motion  to  the  machineiy,  has  attached  to  its  large 
fly-wheel  a  bevelled  cog-wheel,  which  turns  another 
sunUar  wheel  upon  the  end  of  a  horizontal  shaft  which 
extends  from  the  engine-house  to  the  gi-eat  horse- 
wheel,  H  w,  which  it  tuius  by  means  of  a  cog-wheel. 
The  horse-wheel  puts  in  motion  all  the  pinions  for 
the  mill-stones  and  rollers,  the  horizontal  axis  which 
works  the  three-ban-elled  pump,  and  the  machinery 
within  the  mash-tun  for  agitating  the  malt.  It  also 
moves  a  saek-taekle  for  drawing  up  the  sacks  of  malt 
and  hops  from  the  court-yard  to  the  top  of  the  building. 
The  hops  are  kept  in  their  bags  and  pockets,  but  the 
malt  is  emptied  out  of  the  sacks  into  enormous  bins. 
The  horse-wheel,  u  w,  can  be  worked  by  horses, 
should  the  steam-engme  fail,  wliich.  however,  is  a  rai-e 


c  of  the  London  bicweries,  tho  qUi,nUI}  of 
malt  wetted  duiing  the  winter  brewing  season  every 
Tuesday  and  Fuday  ib  320  quarters,  and  on  the  fom 
other  days  230  quarteis.  There  are  three  coppers  of 
the  capacities  of  3)0,  500,  and  600  barrels.  The 
coal  consumed  per  day  is  10  or  12  tons,  and  the 
capacity  of  the  largest  sto'o  vat  is  1,5G8  bariels.  In 
1S59  the  quautity  of  beer  exported  from  the  United 
Kmgdom  was  590,782  banels,  of  the  declared  value 
of  2,042,670/. 

We  have  thus  indicated  the  general  processes  of 
brewing  as  they  are  conducted  in  a  London  brewery. 
They  are  the  same  in  principle  wherever  they  are 
carried  on.  There  are,  however,  variations  m  practice 
or  in  the  quality  of  the  materials,  in  different  districts, 
which  afford  characteristic  tlifferences  in  the  product. 
The  Scotch  ale  is  justly  celebrated  for  its  mild  flavour 
and  pale  colour,  more  resembling  the  pale  wines  of 
Prance  than  any  other  ales  that  are  brewed  in  Great 
Britain,  and,  like  them,  it  is  the  result  of  a  lengthened 
fermentation.  The  low  heat  at  which  the  tun  is 
pitched  confines  tlie  brewing  to  the  colder  part  of  the 


year,  all  operations  being  suspended  in  the  summer 
months.  The  Edinburgh  brewer  is  particulaily  careful 
in  the  choice  of  his  malt,  and  hops,  and  yeast.  He 
only  makes  one  mash  for  strong  ale,  and  completes, 
his  quantity  or  le/i^lA  of  wort  by  eight  or  ten  subse- 
quent sprinklings  or  sparger  of  liquor  over  the  goods. 
These  spaiges  trickle  in  succesbion  through  the  malt, 
and  wash  out  as  much  moie  of  the  saccharine  fiom 
the  mash  as  may  suffice  for  the  intended  strength  of 
the  ale.  The  mashing  is  begmi  with  water  at  ISO^ 
or  even  190°,  and  after  working  up  the  malt  for  haK 
an  hour,  the  whole  is  covered  up,  and  allowed  to 
infuse  about  three  hours,  when  it  is  drained  off  into 
the  underback.  TVater  at  180°  is  then  sprinkled  equally 
over  the  goods  by  being  poured  upon  a  circular  board 
swiuig  over  the  centre  of  the  mash-tun,  and,  being 
perforated  with  small  holes,  the  water  descends  in  a 
shower.  Three  or  four  stop-cocks  ai-e  inserted  in 
different  parts  of  the  bottom  of  the  tun,  for  drawing 
off'  the  liquor,  in  order  that  it  may  permeate  every 
part  of  the  goods  equally.  When  the  first  sparge  is 
run  off,  which  may  be  in  20  or  25  minutes,  a  second 
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spai-go  is  sliowci-cd  in ;  after  tliis  a  third,  and  sc 
until  the  length  is  made  up  of  the  proper  speeifio 
gravity. 

The  quantity  of  hops  seldom  exceeds  4  lbs.  to  the 
quarter  of  malt.     A  little  honey  and  a  few  coriand 
seeds,   or  other  aromatics,  mU  assist  the  flavoi 
After  the   boilmg,   the  worts  are  cooled  down 
low  as   50°,   and  even   45°.     The  fcrmentatiou 
carried  ou  for  a  fortnight  or  three  weeks.     As  small 
a  portion  of  yeast  is  used  as  possible,  and  tiiis  is 
sometimes  added  in  two  separate  portions ;   and,  to 
prevent  the  fennenfation  from  becoming  slack,  tlie 
tun  is  stirred  up  or  roused  twice  a  day,  morning 
and  evening,  if  necessary.     When  the  fermentation 
has  slackened,  the  ale  is  cleansed,  or  the  top  barm 
might  re-cutcr  the  body  of  the  liquor,  and  it  woidd 
hawmf^ yenst-biUen.     AVhru  the  ale  is  cleansed,  llie 
head,  v.'hich  has  nof  Iji  .n  Ji-iii,l    >!  rMi-(i,.,r  Ji. -.  i-, 
allowed  to  float  (i:i  il        ,  I   .  .    i  'I  :•!>     ■h-l'  ■  !    i 
then  piu-e   ale  is  ili;i\\  i,   >   ,'  nr  ■>  -  '  '  \:i.  ,    ■  h  ■ 


cd  f. 


Among  the  multitude  of  recipes  for  domestic 
brewing,  on  a  small  scale,  one  of  the  best  (we  speak 
from  the  exiicrieuce  of  several  years)  is  that  given  by 
Mr.  Donovan,  in  the  work  already  quoted.  The 
great  objection  to  domestic  brewing  is  often  (he 
expense  of  the  apparatus  ;  hut  this  writer  sliows  liow 
cheaply  tills  may  If  ji  -''1  A  i-,.,  ;m:,  |  .(r.- 
barrel  forms  the  ina-!i  i  !■  i.  ■  II  .  i 
is  to  be  taken  out,  ami  i  .  i  .  '  ,  ,  ,  :  .  i  .  i 
letting  it  rest  on  alio.  VI,  :',i!  i  :'  !  ■  ,  ■  ■ 
the  barrel    This  false  bolt. mi  i,  i  .l     ,      m  -i  :  i;- 

a  vast  number  of  gimlet-hol(■^,  m.  i   

of  wood  is  to  be  ll.'icd  in  one  >; 
the  real  and  the  false  bottom.     Ai.uil.n  puiUi  Ijii.u  :, 
with  one  end  taken  out,  will  serve  bolli  as  undeiback 
and  fermenting-tuii,  and  it  may  be  placed  beneath  the 


pr 


•cry  1 


■  be  used,  but  can  be  dispensed  with,  as  the  proper 
heats  can  bo  determined  Ijy  the  admixture  of  cold 
and  boiling  water. 

15  gallons  of  boiling  water  are  to  be  thrown  into 
the  mash-tun,  and  5  of  cold  water  (G0°).  The  tem- 
perature of  the  mkture  would  be  171°,  but  for  the 
cooling  inlluence  of  the  wooden  vessel,  which,  how- 
ever, should  bo  weU  scalded  immediately  before.  The 
mash-water  will  be  about  170°.  i\  bushels  of  the 
best  ground  pale  malt  are  to  be  quickly  shaken  in, 
whUe  a  second  person  continually  stirs  with  a  stick, 
and  this  mashing  is  to  be  eoutiuucd  for  half  an  hour, 
the  barrel  being  covered  over  all  the  time  wi.th  a  thick 


cloth,  except  in  the  suiaU  space  v,  hcie  tlie  stick  is 
inserted.  The  tun  should  then  be  left  quiet  for  an 
hoiu-,  after  which  the  cock  may  be  opened  a  little. 
The  first  How  of  wort  shoidd  bo  received  into  a 
wooden  bowl :  if  not  clear,  it  should  be  gently  poured 
back  into  the  mash-tun  ;  bnt  as  soon  as  it  begins  to 
flow  clear,  the  cock  may  bo  opened  to  the  full.  The 
malt  will  have  soaked  up  the  greater  portion  of  the 
.ter,  but  the  few  gallons  whicii  flow  ofl'  ought  to  be 


I  full,  1 


1  tiic 


cibacl 


will 


amount  to  23  gallons.  This  is  to  be  baled  into  the 
copper,  and  lioilod  for  20  minutes  with  3|-ll)s  of  the 
bc;,(  niikl  Imps,  afterwhich  it  is  to  be  passed  through 
.1  'i  il      ill    into  the  fcrmenting-tun ;  and  when  it 

I  I  I  i:  ally  to  blood-heat  (98°),  about  a  quart 
1      '  I  , !  1    lo  be  niLxed  in,  and  the  fermentation 

■  I  U  c.jiiiiiiucd  until  completed.  In  cold  weather 
ill  I  uu  while  working  must  be  kept  near  the  fire,  as 
' '1  iliis  smaU  scale  tlie  wort  does  not  maiuiaiu  the 
•i  i.j.piaturo  adapted  for  working.  When  the  fer- 
iiicutadon  shows  a  decided  teudeuey  to  go  down,  the 
liquor  is  to  be  racked  off,  and  put  into  a  cask,  and 
closely  bunged  up.  Tlie  ale  will  measure  20  gallons, 
and  will  be'ready  for  use  in  about  a  fm-lnii.lil.' 

BEET,    BETA.    This  ii-n-Mici!  ,  luc  ii-im-sto 

tne  natural  order  Cheno|.o.Ii: ,,.,,,    u  Includes 

Spinach,  Orach,  Mercury,  Cm       '     '    -      I'  >  i,  ,noie 

mil,  ■^•1^    ;,m.',',  i;     IiV     ::  ,    C:     ■    i;     ,|  :     ^„„,,C,ld 


is  said  he  proniii,   ■    ■     ,    ,   '    ■     •    ili-t  specimen  of 

beet-root  sugar  as  .t  !,i-  cii,i:i',i  treasures.   The 

mode  of  cultivation  rccommemkHi  liy  French  natu- 
ralists, and  found  successful  in  rearing  the  plants,  was 
as  follows ; — A  low  situation  should  be  chosen,  in 
which  exfrcmrs  of  drought  and  moisture  do  not 
occur.  Ill''  Mill  (will  h  ■l,iiiM  lie  a  rich  loam  In 
wliieli  ^\l      ■   ■       '-       ■         I  ,  !  have  three  good 

lilouglili"!      :ii:i!    :  I    ,1,  ;il!i!    ilic   third,  which 


■  i'.y 


is    to   l,c    1.1,1,1    1^.    i.i^  ■,,.,,■■         ,      •■iwardd 

drawn  in  i,,in-,i,  ,i-  II  ..  a.M,-,  il:,  !•,  ami  the 
ground  divided  into  squares,  measured  by  tlic  distance 
of  the  rake's  teeth.  Into  each  intersecting  point  of 
these  lines,  one  capsidc  coiitauiing  several  seeds  is 
inserted  to  the  depth  of  an  inch.  When  the  yomig 
plants  begin  to  spring  up,  and  six  or  eight  leaves  arp 
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i'onned,  the  gi-omul  sliould  be  weeded,  and  if  ne- 
cessary, the  plants  thinned.  After  this  the  crop 
advances  so  rapidly  that  the  outspreading  leaves  soon 
cover  the  ground,  aud  thus  completely  prevent  the 
growth  of  any  more  weeds.  There  is  therefore  no 
more  trouble  with  the  ground  tUl  the  time  of 
gathering,  an  important  circumstance  for  the  cul- 
tivator, who  is  then  busy  with  his  corn  harvest. 
The  beet  does  not  attain  its  full  perfection  till  the 
mouth  of  October. 

The  best  seed  is  that  obtained  from  beet  which 
has  not  been  transplanted,  and  which  has  produced 
thin  spindle-formed  roots.  Among  the  varieties 
which  produce  this  kind  of  root,  one  has  a  pale  red 
rind,  and  is  internally  quite  white.  This  is  a  valuable 
variety  to  the  manufacturer,  yielding  much  sugar  and 
an  agreeably  sweet  syrup ;  others  have  a  deeper  red 
rind,  and  reddish  circles  or  stripes  within.  These 
have  a  less  agreeable  syrup,  retaining  a  taste  of  the 
root,  which  cannot  be  removed  without  expensive 
.chemical  processes.  Other  varieties  are  white  on 
the  outside  and  yellow  within.  These  yield  much 
crystallizable  sugar,  but  are  not  fit  for  moist  or  raw 
sugar  on  account  of  the  disagreeable  taste  of  the 
syrup. 

Various  experiments  have  been  tried  with  beet,  to 
ascertain  the  efi'ect  of  light  on  the  development  of 
the  sacchaiine  principle,  and  it  seems  to  be  fuHy 
proved  that  as  in  the  case  of  asparagus,  endive,  &c., 
the  part  protected  from  the  light  becomes  sweet, 
while  the  other  parts  remain  bitter,  so  vrith  beet-root, 
the  saccharine  principle  is  greatest  in  those  roots 
which  are  the  most  effectually  protected  from  the 
light.  Thus  the  natural  gi-owth  of  these  plants,  by 
which  the  leaves  form  a  thick  and  umbrageous 
covering  to  the  whole  of  the  ground,  should  by  no 
means  be  interfered  with,  and  the  practice  occasionally 
followed  of  removiag  all  the  large  leaves,  is  one 
which  must  necessarily  deprive  the  root  of  a  portion 
of  its  most  valuable  properties.  The  only  leaves 
which  it  is  safe  to  remove  are  those  which  have  begun 
to  droop  or  decay ;  but  to  pli;ck  the  large  succident 
leaves,  however  convenient  they  may  be  as  food  for 
cattle,  is  very  unwise  in  those  who  grow  beet  for 
making  sugar.  Eor  a  description  of  the  process  by 
which  the  sugar  is  obtained  from  beet-root,  see 
Sugar. 

BELL.      See  CASTrNo. 

BELL-METAL.  An  alloy  of  copper  and  tin.  [See 
Bronze.    Castixo.] 

BELLOWS  and  BLOWING  MACHINES.  The 
common  bellows  is  a  very  ancient  instrument  for 
assisting  the  combustion  of  a  fire,  by  injecting  into 
it  a  larger  portion  of  air  than  would  be  supplied 
without  such  aid.  The  first  form  of  this  machine 
resembles  tnat  of  the  lungs,  and  was  doubtless 
suggested  by  tne  common  practice  of  blowing  (he 
fire  uy  means  of  the  month.  It  consists  of  iw-  il  .i 
boanls  of  an  oval  or  triangular  shape,  each  In i 
with  a  projecting  handle,  and  between  the  In  'in 
or  more  hoops  are  bent  to  suit  their  figure.  ']■  i  i  !ic 
edges  of  the  boards  is  nailed  a  piece  of  leather, 


broad  in  the  middle,  so  as  partly  to  enfold  the  hoops, 
and  narrow  at  the  two  ends,  thus  formiug  a  sort  of 
enclosed  chaaiber,  capable  of  being  cidarged  or  con- 
tracted by  raising  the  upper  board  while  the  lower 
one  remains  stationary.  To  the  lower  board  is 
fastened  a  metal  pipe,  and  a  hole  is  also  made  in  the 
centre  of  this  board,  which  is  covered  on  the  inside 
with  a  leathern  flap  or  valve  opening  inwards.  On 
raising  the  upper  board  the  enclosed  air  is  of  course 
rarefied,  and  air  from  without  rushes  in  by  lifting  up 
the  valve.  Then  on  pressing  down  the  top  board, 
the  air  is  compressed,  and  driven  forward  along  the 
pipe  with  a  velocity  depending  ou  the  amount  of 
force  with  which  the  t\\"  '  ^miIs  im  pn  >scd  together. 
The  blast  is  not  couiin.         '  ,'  -.m  interval 

of  time   being  requi:'  I  :  >    eider   the 

bellows  through  the  val '.  ,  iin  l.'.iMihj  interval  bemg 
to  the  fiUing  interval  as  the  areas  of  the  apertui-es. 
In  the  oldest  smelting  houses  this  in-egidar  blast  was 
remedied  by  employing  two  bellows  which  blew  al- 
ternately, the  one  blowing  while  the  other  was  filling. 
To  supersede  the  necessity  of  frequent  repairs,  they 
were  made  entirely  of  wood,  except  the  pipe  or 
twyere.  This  invention  is  ascribed  by  Beckmaun  to 
one  Lewis  Pfaunenschmid,  of  Thuringia,  who  settled 
at  Ostfeld,  near  Goslar,  in  1G21,  where  he  excited 
the  jealousy  of  the  bellows-makers  of  the  place  by 
the  superiority  of  his  machines.  It  is  stateo,  how- 
ever, that  bellows  entirely  of  wood  for  smelting 
houses  and  for  organs,  were  constructed  at  Nurem- 
berg as  early  as  1550.  Beekmarm  describes  these 
machines  in  the  followuig  temis : — "  The  whole 
machine  consists  of  two  boxes  placed  the  one  upon 
the  other,  the  uppermost  of  which  can  be  moved  up 
aud  down  upon  the  lower  one,  in  the  same  manner 
as  the  lid  of  a  snuff  box  which  has  a  hinge  moves 
up  and  domi  wlien  it  is  opened  or  shut,  but  the  sides 
of  the  uppermost  l)ox  are  so  broad  as  to  contain  the 
lowermost  one  between  them,  when  it  is  raised  to  its 
utmost  extent.  Both  boxes  are  bound  together  at 
the  smallest  end  where  the  pipe  is,  by  a  strong  iron 
bolt.  It  may  be  readily  comprehended,  that  when 
both  boxes  fit  each  other  exactly,  and  the  upper  one 
is  raised  over  the  under  one,  which  is  in  a  state  of 
rest,  the  space  contained  by  both  will  be  increased ; 
and  consequently  more  air  wiU  rush  in  through  the 
valve  in  the  bottom  of  the  lower  one :  and  when  the 
upper  box  is  again  forced  down,  this  air  wiU  be  ex- 
pelled through  the  pipe.  The  only  difficulty  is  to 
prevent  the  air  which  forces  its  way  in  from  escaping 
anywhere  else  than  through  the  pipe ;  for  it  is  not  to 
be  expected  that  the  boxes  wiU  fit  each  other  so 
closely  as  to  prevent  entirely  the  air  from  making  its 
way  between  them.  This  difficulty,  however,  is 
obviated  by  the  following  simple  and  ingenious 
method :— On  the  iimer  sides  of  the  uppennost  box 
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there  are  placed  movable  slips  of  wood,  which  by 
means  of  metal  springs  are  pressed  to  the  sides  of 
the  other  box,  and  fill  up  the  space  between  them. 
As  these  long  slips  of  wood  might  not  be  sufficiently 
pliable  to  suifer  themselves  to  be  pressed  close 
enough,  and  as,  though  planed  perfectly  straight  at 
first,  they  would  in  time  become  warped  in  various 
directions,  incisions  are  made  in  them  across  through 
their  whole  length,  at  the  distance  of  from  15  to  18 
inches  from  each  other,  so  as  to  leave  only  a  small 
space  in  their  thickness,  by  which  means  they  acquire 
sufficient  pliability  to  be  everywhere  pressed  close 
enough  to  the  sides."  These  bellows  are  made  of 
clean  fir-wood  without  knots.  They  are  represented 
in  Fig.  117,  in  wliich  a  e  b  r  is  the  upper  chest,  b  f 
the  line  of  hinges,  ii  the  handle,  and  p  tlie  blast  pipe. 


(g:^^-^' 


which  is  sometimes  furnished  with  a  valve  opening 
outwards,  to  prevent  the  burning  coals  from  being 
sucked  into  t;he  bellows  when  the  upper  box  is  di-awn 
np.  The  lower  box,  with  one  of  the  valves  v,  is 
shown  separately  in  Fig.  118.  The  slips  of  wood  at 
the  sides  are  apt  to  become  damaged,  but  they  can 
be  easily  repau-ed,  and  every  3  or  4  months  the  outer 
sides  of  the  inner  box  and  the  bolt  which  keeps  the 
boxes  together  must  be  smeared  with  oil. 

These  bellows  are  of  very  large  size ;  they  are  IG 
feet  long  by  5  feet,  and  the  circular  end  is  also  5  feet. 
The  rise  is  3  or  3J  feet,  expelling  at  each  stroke  about 
90  cubic  feet  of  air,  and  making  eight  strokes  per 

The  great  objection  to  bellows  of  tliis  kind,  is  the 
want  of  a  continuous  blast.  This  was  first  remedied 
by  the  addition  to  the  single  bellows  fii-st  described, 
of  a  third  board  of  the  same  shape  as  the  other  two, 
and  connected  with  the  lower  board  by  means  of  a 
piece  of  leather,  thus  making  two  exactly  similar 
cavities  or  chambers,  separated  by  the  lower  board  of 
the  single  bellows,  which  now  becomes  the  middle 
board  of  the  double  bellows.  Each  of  these  two 
boards  is  furnished  with  a  valve,  and  the  blast-pipe 
is  coimected  with  the  upper  part  of  the  middle 
board.  The  lower  board  is  held  down  by  a  weight, 
and  a  weight  is  also  placed  on  the  top  board,  by 
which  means  the  air  is  forced  out  of  the  upper  cavity 
t'u-ongh  the  pipe.  In  blowing,  the  middle  board  is 
raised,  by  which  means  air  mslies  into  the  lower 
cavity,  and  in  its  descent  forces  air  into  the  upper 
cavity,  the  valves  preventing  its  return,  and  the 
weight  on  the  upper  board  forces  it  out  through  the 


pipe  in  a  continuous  blast.  Thus  it  will  be  seen, 
that  the  ascent  of  the  middle  board  fills  the  lower 
cavity  while  the  descent  fills  the  upper  cavity,  and 
the  weight  of  the  top  board  drives  the  aur  out  in  a 
blast ;  thus  the  irregular  puffing  action  of  the  single 
bellows  is  here  eonfmed  to  the  lower  board,  which 
supplies  air  to  the  upper  cavity.  The  blast,  although 
continuous,  is  not,  however,  quite  regular,  for  when 
the  air  is  forced  into  the  upper  cavity,  i 
of  pressure  is  communicated  to  the  air 
therein,  but  this  is  of  no  consequence  in 
forge. 

This  construction      ^^-  -==-^=^^-  

will  be  understood 

by  reference  to  the  i  ( L^>- 

bellows  in  Iliilley's 


portable  forj 
119,  in  which  «  a 

1 
iron  passing 
the  whole ;  i  h,  pil- 
lars supporting  the 
platform  or  hearth 

for  the  forge  fire ;  d,  the  bellows  made  fast 
the  middle  flap  to  the  frame  u,  and  worked 
by  the  handle  e,  inserted  m  a  socket  at  the  top 
of  the  lever  /;  this  lever  and  a  coiTCsponding 
arm  on  the  opposite  side,  swinging  upon  pivots 
momited  on  the  sides  of  the  frame  a,  and  con- 
nected by  a  rod  g,  which  passes  across  the 
machine  under  the  bellows.  By  depressing  the 
handle  e,  the  levers  /  lift  the  rods  and  tlie 
bottom  flap  of  the  bellows,  and  on  lowering  the 
handle  this  flap  falls  by  its  own  weight,  thus 
producing  the  blast  for  j 
working  the  forge,  tjl 
The  flaps  are  covered  ^-, 
with  iron  plates  to  u 
crease  the  efi"ect,  and  "^  , 
are  nearly  square  to 
aff'ord  greater  space. ;-  < 
The  collapsing  of  the 
upper  flap  forces  the 
blast  up  the  pipe  h  to  - 
the  fire.  To  make  this 
furnace  portable,  the  parts  are  taken  asunder,  and 
the  bellows  and  frame  are  placed  on  the  hearth  c,  the 
pipe  h  and  the  legs  h  are  packed  on  the  top  and  sides 
of  the  bellows,  and  the  whole  is  shut  up  in  a  box, 
foi-med  by  the  hearth  of  the  forge  with  its  side 
plates ;  the  cover  is  then  turned  down  by  its  liinge- 
joints  upon  the  bos,  and  secui-ed  by  a  hasp  and 
padlock. 

The  smith's  bellows  is  worked  by  means  of  a 
rocker,  with  a  string  or  chain  fastened  to  it.  By 
drawmg  down  the  han^Ue  of  the  rocker  the  movable 
board  rises.  The  smith's  bellows  is  sometimes  made 
circular,  the  boards  being  in  a  horizontal  positiou, 
parallel  to  each  other,  as  in  Fig.  121,  in  which  a  is 
the  blast-pipe,  b  the  movable  lower  board,  c  the 
fixed  board  -svith  the  pipe  inserted,  d  the  upper  move- 
able board  loaded  with  a  weight.     Motion  is  given 
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to  the  lower  board  by  meaus  of  a  lever  l,  aiid  a 
chain  n  Avorking  on  a  roller  k.  The  -n-eight  requii-ed 
to  produce  a  certain  force  of  blast  is  easily  detemiuied, 
for  if  the  diimetei  of  the  bellows  be  1  foot  the  11  ca 


«dlbell319  mche  1  1  1 

aqune  a\\cight  of  ol  jIj  1  1  i  il  t  luiv-rlent  to 
a  picssiire  ot  -lb  on  the  square  mcb  01  1  \elocitj 
ot  207  feet  pci  second  a  bhst  -n  ell  idipted  to  1 
smith  s  foige  The  foice  ot  the  bhst  ciu  be  t  lued 
by  altermj,  (he  diauietei  ot  the  pipe  tor  -nhich  a 
«l,ecial  coutin<mco  IS  SOI  tlmits  midt  Li  port  die 
torges  the  boiicb  11c  biou  ht  together  br  nieius  of 
helical  spimgs  uibteid  ot  weights 

Li  some  ol  the  mtnt  fuuuceb  for  smelting  11  on 
01  e  m  Hindo  t  in  two  bellow  s  nnde  of  skm  11  e  used 
a  pijie  projects  fioui  thr    b  •'    n  of  e<'  h    -md   ib 


of  the  furuace  is  an  ingenious  contrivance  for  pre- 
venting the  twyere  from  rising  when  the  bellows  is 
diawn  up.  It  consists  of  a  bar,  the  bottom  of  which 
presses  on  the  end  of  the  twyere  while  its  tip  hitches 
into  a  loop  of  uon  phced  between  two  htemal  studs 
01  stiplca  The  dotted  hue  shows  the  form  of  the 
hearth  and  the  direction  of  the  flue 

A  veiy  simple  foim  of  bellows  perhaps  the 
sunple  t  li  that  used  by  the  Clunese  sd  iths  It  con- 
.jibts  ot  a  squa  e  pipe  of  wood  Tig  123  vnih  a 
qnaie  boaid  B  expctlr  fittii-g  it  which  ib  moved  to 


ind  Iio  by  mtaubot  a  huidlt  H  At  the  fiathei  end 
1  the  bUst  pipe  p,  and  in  each  side  i»  ax  dve  (shown 
1  \  the  dotted  kne)  opening  mwaids 

A  veiy  mgemoub  and  powerful  blowmg  machine 
luundcd  on  the  piinciple  of  the  Chinese  bellows 
was  constiucted  some  years  ago  by  Mr  "V  aughan 
ai  d  IS  described  in  the  Encvclj])aedia  Bntaimica 
It  consists  of  two  square  botes  placed  side  bv 
side      A    pi-iton    p  1     Pi"   1^1    httmg   each     is 


mted  V 


bellows  lie  1  hci 
front  ot  the  fm: 
plonk  lb  seated 


K  hid  a 


Ilics 


1    t  the  fiuthei  end  of  the 
ho  by  woiknig  the  bellow  s 
altematelv    one  with  the  light   and  the  other  with 
the  lelt  hand  produce'  a  continuous  V  sf      In  fiont 


diawni  backwards  and  lorwards  by  means  of  the 
lod  K  working  hoiuontallT  on  wheels  w  w  by 
means  of  the  ■spear  s  which  commimicates  ^^th 
the  ciank  of  a  wheel  at  some  distance  off  The 
body  of  the  piston  is  a  cast  uon  plate  with  a  socket 
m  the  middle  to  receive  the  lod  the  diameter 
of  the  piston  is  about  -J  of  an  mch  less  than  that 

f  the  bos.  and  it  is  made  tight  by  the  foUowmg 
1  igcnions   airongeraent       Two  pieccb  of  wood    w, 

ire  cut  diagouiUy  to  lecene  piece  of  leathti  I  / 
between  them    and  11'  1 

leathei  and  the  wo   ' 
1   lt(d    to   the   pi  t 

I  Tlie  leath  1=  1. 1 
t  1  ~>  inches  beyond  the 
I  their  bhght  elas 
1  I  I  ips  them  m  contact 
with  tlie  metallic  surface  "^o  tint  whtn  the  pi&ton  is 
m  motion  the  leathei  on  one  side  claps  clobC  to  the 
smface  lendeimg  it  an-  tight  while  the  leather  on 
the  other  side  is  loose 

The  projectmg  curved  pipes,  I  I ,  communicate 
between  the  box  w  here  the  piston  wo  ks  and  the  au 
chest  c  V,  hen  the  pi  ton  moves  from-  a  to  b  the 
valves  1  3  open  wlule  ^  4  remain  shut  The  air 
contained  m  the  box  is  forced  through  the  valve  fi 
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iiito  the  chest  c,  and  thence  along  the  blast-pipe  b  p. 
In  the  return  stroke,  which  is  the  whole  length  of  the 
box,  the  valves  1, 3  are  shut,  while  3,  4  arc  open,  and 
the  air  is  forced  through  5  and  then  along  I!  r. 

Two  of  these  maohiucs  work  at  the  same  time  by- 
two  cranks,  so  that  one  is  in  full  lilasi  wliilr  flic  other 
is  returning  the  stroke  ;  hence  iluM  ji,  I  ]llllT^  i,n>- 
duced   by  2  double   strokes,    ,i:   ;    i  .  in;; 

alternately  at  almost  equal  iuirn:'     ,.    ,  ,i  i  is 

produced.  Mr.  Yaughan  reeuiu::.  hk,  liii  liuir  i«F 
these  boxes  be  at  work  at  once,  l;o  as  to  produce  8 
puffs  in  one  double  stroke,  which  if  dinded  by  equal 
intervals,  produce  a  sufhciently  uniform  blast  for  any 
purpose.  The  machine  makes  70  strokes  per  miuute  ; 
the  nose-pipe,  where  the  blast  enters  the  furnace,  is 
2i  nehes  m  dnraeter,  and  discharges  1,200  cubic  feet 
pel  minute 

A  umfoim  nhst  is  also  pioduced  by  the  auange 
mcnt  shoTni  in  Fig  120,  in  Nvhicli  two  c^lludcls  are 


but  to  prevent  the  air  f 


pipe     r  I    I  II   which  lb  ■noikcdby  a 

rod  conn  (I    I  n    with  the  aiched  licia 

of  a  woikm^   U  I  1  1      lu     luuiul  a  gudgeon      Bj 
the  descent  ot  this  inston,  the  an  is  compicssed  and 
forced  through  the  \  ilve  ^,  wlule  the  loukd  pisfou  l 
IS  raised  to  its  highest  point      The  pi   u   r  u 
ascends,  and  ifs  cyliudei  is  filh  1  w  ili      i  lli 

\  d\e  v',  dming  which  tiuiL  til    '  i 

ally  descends     The  \  ah  l  \  i      I 
and  the  air  lb  forced  out  fill  I II   '  '    '        1  1 

fl  Lefoie  all  the  an  m  the  cjlin  lu  L  is  lUscli  iigid 
it  lecencs  a  fiesh  supply  by  the  descent  of  P,  ai  d 
thus  w  hilo  the  engme  is  ui  motion  the  blast  is  rendeicd 
continuous 

The  ^;oOT/jf,  on atci  blowing  cn^jine  li^^  1  /  i 
an  mgciuous  and  economical  method  of  ilit  iii  ii  a 
blast  Itisusedm  Sa\oy,  Cuuioh,  and  III  ViiK  II  i 
It  IS  formed  of  two  pipes  oi  fmmcls,  one  ot  winch  i 
it  i,  set  upu^ht  and  feiinin  iliiig  above  m  a  cistcni  (  1 
watei  a  and  below  is  a  tub  oi  duim  e  The  com  d 
pait  p,  just  below  the  eistcni,  ISC  ill  J  tin  /  ///«///  / 
and  picvents  the  w ate i  disdm      i  i        n  mil 

fiom  fdhiig  the  pipe  in  fill  in 

many  stieamlets      Below  tin    i  I    i 

of  holes  q  q  are  peifoiated  r  I  li  i  li 

air  IS  adnuHed  and  eairied  bj  1 1 1  i  il 

The  ail  parts  with  the  watei  \n  t 

iron  slab  6?  withm  the  dium       \i    i  i   iln 

drum  IS  an   ijieitme     for  the  c     i)  u  i  l  the  w  itei. 
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iin  escaping  with  it,  the 

red  into  a  chest  I  m  n  o, 

crtical  slide-plate  between 

m..     By  raising 

or  lowering  this 

W  may  be  inaiutain- 

ll  cd  at  any  required 

level   w'itliiu   the 
fcy  £~tji  'l"i"i.    so    as    to 

give  the  included 
air  a  greater  or  less  pressure. 
The  water  finally  drains  off  by 
the  hole  o.  To  the  upper  part 
of  the  drum  is  fitted  Ihe  air 
pipe  e  /,  dn  idtd  at  the  point  / 
into  thice  tubes,  the  pimeipal 
cf  whifh  IS  foi  the  cupellatioii 
luiu  lec  and  tin  otlici  two  at  ff 
f  1  tin  sindtm^fmuiccs  Each 
ot  the  e  tuliLS  ends  m  a  Icdher 
socket  and  an  iiou  nose  pipe  I 
adjusted  m  the  twjcie  ot  the 
fuinaee  A  flood  gitc  fitted  m 
the  nppii  cistrin  a  legulites 
the  admissum  of  water  The 
usual  height  cf  tins  appiiatus  is 
liout  2b  1(  ct  to  the  uppci  lc\cl 
ot  the  watei  cistem  Its  tot  d 
length  IS  30^  fcit,  vud  its  width  2  feet  to  give  loom 
foi  the  duims 

One  of  the  most  powciful  and  pcifcot  bowing 
uuchmes  m  the  kmgclom  is  that  at  Woolwich  dock- 
>  lid,  which  IS  used  foi  supjihing  air  to  luity  forge 
files,    amongst   whieh   aic  sivcial  fiics  foi  foigmg 


ion  knees,  and  othci  heavy  pieces  ot 
sinitheiy  It  consists  of  thiee  Wo  nng  cybudeis, 
Tig  128,  which  are  5  feet  5  inches  m  length,  of  which 
2  feet  1  inches  is  above  the  flooi  Tlie  mteiior 
diamctci  of  each  eybiidti  is  4  feet  8  uichcs,  which  is 
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also  the  Icugth  of  the  stroke.  Twenty  strokes  per 
minute  are  made  in  each  of  the  three  cylinders,  cor- 
respoudmg  to  an  expulsion  of  nearly  5,000  cubic  feet 
of  ail-  per  minute.  The  fourth  cylinder  is  used  to 
regulate  the  pressure,  as  wUl  be  explained  presently. 
The  piston-rods  are  worked  so  that  while  one  is  at 
the  highest,  anotner  is  half-way  down  or  up,  and  the 
third  is  quite  down.  A  large  ii-on  wmd-chest,  22 
feet  5  inches  long,  is  situated  in  the  cellar  below :  on 
this  the  four  cylinders  are  fixed.  The  bottom  of  the 
fourth  cylinder  is  open  to  the  chest ;  the  others  are 
closed  at  bottom.  From  this  chest,  under  the  thu-d 
cylinder,  proceeds  the  main  eduction-pipe,  from  which 
Dranch-pipes  proceed  to  the  several  forges,  each  pipe 
being  fui-nished  with  a  cock  for  turning  the  blast  on  or 
oif.  Behind  the  eduction-pipe  is  a  short  cylinder, 
containing  a  valve,  shown  in  the  section,  Eig.  129, 
wliich  passes  thr-ough  the  axis  both  of  the  valve 
cylhider  and  the  blowing  cylinder. 

On  the  prmcipal  axis  are  three  eccentric  wheels, 
with  u-on  straps,  connected  with  a  lever  under  the 
f  jy.  120.  wind-chest,  and  these 

;,,  wheels  are  so  aiTai 

I  m  respect  to  the 

'! responding  crank  that 

when  the  piston  of 
any  cylinder  is  either 
above  or  below,  the 
lever  is  horizontal,  and 
the  valve  v  exactly 
closes  the  hole  h. 
When  the  piston 
this  figure  begins  to 
ascend,  the  end 


the  lev 


ascend  also,  and  the 
other  end  f  descends, 
^  and  being  connected 
with  the  valve-rod  at 
3  descends,  and  opens  a  communication 
between  the  interior  of  the  cylinder  and  the  external 
air,  which  rushes  in  with  a  fresh  supply.  This  valve 
contmucs  to  descend  until  the  piston  is  half-way  up ; 
it  then  begins  to  ascend  until  the  piston  is  at  the 
highest  point,  when  the  valve  has  the  position  shown 
in  the  figure.  The  piston  now  descends,  but  the  valve- 
rod  continues  to  ascend,  and  opens  a  communication 
between  the  cylinder  and  the  wind-chest,  into  which 
the  air  is  forced  by  the  piston.  When  the  piston  is 
half-way  down,  the  valve-rod  has  reached  the  highest 
pomt,  and  then  continues  to  descend  with  the  piston 
until  the  latter  is  down,  when  the  hole  A  is  again 
covered  with  the  valve.  In  this  way  the  three  cylinders 
are  successively  opened  to  the  atmosphere  and  to  the 
wind-chest,  and  a  constant  influx  of  air  is  produced. 
To  preserve  a  steady  action  in  the  valve-rods,  they 
are  made  to  pass  through  guards  level  with  the  floor 
F.  The  fourth  cylinder  has  no  bottom,  but  is  open  to 
the  wmd-chest,  and  its  piston,  which  weighs  700  lbs., 
serves  only  to  regulate  the  pressure,  which  amounts 
to  about  I  lb.  on  the  square  inch.  When  the  pressure 
exceeds  this,  the  piston  rises,  and  opens  a  safety-valve 


at  the  back  of  the  cylinder.  The  form  of  the  bottom 
of  the  cylinder  iu  the  section  belongs  only  to  that 
part  of  the  cylinder :  the  other  part  is  perfectly  flat, 
its  purpose  being  to  open  a  communication  with  the 
valve-eyhndcr.     [See  Appesdix.] 

BENZOIC  ACID.  When  bitter  almonds  are 
subjected  to  great  pressm-e,  a  fixed  oil  is  obtained. 
By  distilling  with  water  the  ahnond-paste  which  re- 
mams,  a  volatile  oil  is  obtained,  which  is  prepared  in 
large  quantities,  chiefly  for  the  use  of  the  perfumer. 
Tlds  oil  does  not  pre-exist  in  the  ahnonds,  but  appeal's 
to  be  formed  by  the  action  of  water  upon  a  peculiar 
crystaUizable  substance  called  amygdalhie,  aided  by 
the  presence  of  the  pulpy  albuminous  matter  of  the 
seed.  The  cnide  oil  has  a  yellow  colour,  and  contains 
a  quantity  of  hydrochloric  acid,  which  is  formed  at 
the  same  time  as  the  oil.  By  agitating  it  with  a 
solution  of  protoehloride  of  iron,  containing  an  excess 
of  hydi-ate  of  lime,  and  then  distilling  the  whole,  the 
essential  oil  is  obtained  in  a  purified  form.  It  is  freed 
from  the  water  which  passes  over  with  it  by  means  of 
fused  chloride  of  calcium. 

This  oil  is  supposed  to  be  the  hydmret  of  a  basic 
substance  named  beinoyle,  from  its  relation  to  benzoic 
acid,  containing  d,,  H5  Oj.  Pure  hydnu-et  of  ben- 
zoyle,  or  bitter-almond  oU  (Ci,  H5  Oj-f-H),  is  a  thm 
colourless  fluid,  of  great  refractive  power,  and  of  a 
peculiar  and  agreeable  odour ;  its  density  is  1.043, 
and  its  boiling-point  35G°.  Its  vapour  is  inflammable, 
and  burns  with  a  bright  smoky  flame.  It  is  soluble 
in  about  30  parts  of  water,  but  alcohol  and  ether 
dissolve  it  indefinitely.  It  absorbs  oxygen  rapidly 
from  the  air,  and  forms  a  mass  of  crystallized  benzoic 
acid.  It  is  doubtful  whether  the  pure  oil  is  poisonous 
but  the  crude  product  is  highly  so,  and  yet  this  is  soln 
for  flavoui'ing  puddings,  custards,  &o. 

Benzoic  acid,  or  oxide  of  benzoyle,  BzO  (d,  Hj O2 
-f  0),  is  not  usually  obtained  by  the  oxidation  of 
bitter-almond  oil.  Several  of  the  balsams,  especially 
gum-benzom,  yield  benzoic  acid  in  abundance.  By 
exposmg  this  substance  to  a  gentle  heat  in  a  subliming 
vessel,  the  benzoic  acid  is  volatilized,  and  condensed 
in  the  upper  part  of  the  apparatus.  The  best  con- 
trivance for  this  purpose  is  a  shallow  ii'on  pan,  con- 
taining the  substance  to  be  sublimed,  in  a  tlun  layer : 
a  sheet  of  bibidous  paper,  pierced  with  a  number  of 
pin-holes,  is  stretched  over  the  pan,  and  a  cap  of  stout 
cartridge-paper,  secured  by  a  string  or  hoop,  is  drawn 
over  the  whole,  as  in  Eig.  130.  The  pan  is  slowly 
heated  on  a  sand-bath;  the  vapour  p;„.  ]3q. 
of  the  acid  condenses  in  the  cap, 
and  the  crystals  ai-e  prevented  from  iji 
faUing  back  into  the  pan  by  the  | 
porous  paper.  The  acid  thus  ob- 
tained is  in  the  form  of  snow-'nlute, 
light,  feathery  crystals,  with  a  fi.i- 
grant  odour,  which  is  due  to  the 
presence  of  a  small  quantity  of  volatile  oil. 
abundant  product  may  be  obtained  by  mixmg  the 
powdered  gum-benzoin  with  an  equal  weight  of  hydrate 
of  lime,  boUing  the  mixture  with  water,  filtering,  and 
iporating,  and  then  decomposing  it  with  an  excess 
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of  liydrocliloric  acid.  The  benzoic  acid  crystallizes 
out  ou  coolLug,  in  thin  plates,  which  may  be  drained 
upon  a  cloth  filter,  and  diied  in  the  air.  By  subli- 
mation the  acid  may  be  obtained  perfectly  -white. 
The  crystals  obtained  in  tliis  -way  contain  an  equiva- 
lent of  water,  so  that  the  formula  for  the  hydrous 
acidisCuHsOj  -)-  HO. 

Benzoic  acid  is  inodorous  when  cold,  but  has  a  faint 
smell  when  gently  heated ;  it  fuses  just  below  212°, 
and  subluues  a  little  above  that  point :  it  boils  at 
462°,  and  emits  a  dense  vapour,  which  is  very  irri- 
tating to  the  throat  and  eyes.  It  dissolves  in  about 
200  paiis  of  cold,  and  23  of  boiUng  water.  It  dis- 
solves in  about  twice  its  weight  of  alcoliol ;  it  also 
dissolves  in  ether,  and  in  fat  and  volatile  oils.  It 
combines  with  bases,  and  forms  salts,  which  are  called 
leitzoates. 

Benzoic  acid  is  an  ingredient  in  some  kinds  of  per- 
fumery, and  in  fumigating  powders  and  pastiles.  It 
was  formerly  used  as  an  expectorant  in  asthma  and 
di-y  cough.  When  takeu  internally,  it  is  rejected 
from  the  system  in  the  state  of  hippuric  acid,  which 
oecui-s  in  large  quantity,  in  combmatiou  with  potash 
or  soda,  in  the  ui-ine  of  horses,  cows,  and  other 
graminivorous  animals.  If  the  urine  be  slightly 
putrid,  it  yields  benzoic  instead  of  hippuric  acid. 
Much  of  the  cheap  benzoic  acid  of  commerce  is  pre- 
pared in  this  way,  the  perfume  being  superadded  by 
sublhuing  with  a  little  gum-benzoin.  Benzoic  acid  is 
a  principal  ingredient  in  friars' -balsam,  usefid  for 
stimulatiag  languid  womids,  but  mischievous  when 
applied  to  recent  wounds.  A  cosmetic,  under  the  name 
of  virgin' s-milk,  is  prepared  by  mixing  two  draelmis 
of  the  alcoholic  solution  of  benzoin  with  a  pint  of 

The  other  benzoyle  compovmds,  such  as  the  chloride, 
bromide,  iodide,  and  sulphuret  of  benzoyle,  possess 
great  chemical  iuterest,  but  are  not  of  importance 
in  a  manufacturing  point  of  view. 

BILE.  A  secretion  separated  from  venous  blood 
by  the  largest  internal  organ  of  the  body,  the  liver. 
It  was  regarded  by  the  old  chemists  as  a  saponaceous 
compound,  in  which  an  organic  acid  was  combined 
with  soda.  Modem  chemists  nave  re-adopted  this 
view,  regarding  bile  as  a  soda-soap,  and,  as  such,  the 
bile  of  the  ox,  or  ox-gall,  as  it  is  called,  is  used  in  the 
arts,  by  painters  in  water-colours,  scourers  of  clothes, 
and  many  others ;  but,  from  its  gi-een  colour,  it  re- 
qukes  for  many  pm-poses  to  be  clarified.  This  is  done 
by  allowing  the  fresh  gall  to  settle  for  a  day  in  a 
basin ;  the  liquor  is  then  pom-ed  off  from  the  sedi- 
ment into  an  evaporating-dish,  and  exposed  to  a 
boiling  heat  in  a  water-bath  until  it  is  somewhat 
thick.  It  is  then  spread  upon  a  dish,  and  dried 
before  the  fii-e,  in  which  state  it  may  be  kept  for 
years  in  jelly -pots  covered  with  paper.  When  re- 
quired for  use,  a  piece  of  the  size  of  a  pea  may  be 
dissolved  in  a  table-spoonful  of  water.  The  gall  may 
be  made  perfectly  colouiless  by  the  following  process : 
A  pint  of  gall  is  to  be  boiled  and  skimmed,  and  an 
ounce  of  alimi,  in  fine  powder,  or  an  ounce  of  common 
salt,  added;  the  mixture  to  be  kept  on  the  fire  until 


the  alum  is  dissolved.  The  mixtui'c,  when  cool,  is  to 
be  pom-ed  into  a  bottle,  and  loosely  corked.  In  about 
three  months  it  deposits  a  thick  sediment,  and  be- 
comes clearer.  The  clearer  portion  of  the  gall  pre- 
pared with  alum  is  then  to  be  mixed  with  the  clear 
portion  of  the  gall  prepared  with  s;dt,  when  the 
colmiring  matter  \\':\\  \~v  t  ..^ii!,ii.  J  ;(ud  precipitated, 
leaving  the  ox--;',.   ,  ilrss.     It  may,  if 

necessary,  be  furili*  .  ,  :  ,,.>i  i  .  j  -^ing  it  through 
filtering-paper.  TL;o  y,.U  'ueeun.L^  puier  by  keeping, 
and  never  loses  its  good  qualities,  nor  contracts  a 
disagreeable  smell. 

Prepared  gall  combines  with  colouring  matters  and 
pigments,  and  gives  them  solidity  either  by  being 
mixed  with  or  passed  over  them  upon  paper.  It  adds 
to  the  brilliancy  of  ultramarine,  carmine,  green,  and 
most  delicate  colours,  and  makes  them  spread  more 
evenly  upon  paper,  ivory,  &c.  Mixed  with  gum 
arable,  it  thickens  the  colours  without  ginng  a 
glistening  appearance ;  it  prevents  the  gum  from 
craking,  and  fixes  the  colours  so  well,  that  others 
may  be  applied  over  them  without  running  into  them. 
Mixed  with  lamp-black  and  gum,  it  forms  a  good 
imitation  of  China  ink.  A  coat  of  ox-gall  upon 
black-lead  or  crayon  drawings  prevents  the  lines  from 
being  effaced,  and  such  drawings  may  be  safely 
coloured  by  first  mixing  the  colours  with  ox-gall. 
Miniatni-e  painters  use  it  for  removing  the  unctuous 
matter  from  the  surface  of  ivory,  and  when  ground 
with  the  colours  it  enables  them  to  be  spread  easily 
and  renders  them  fast.  It  is  also  useful  for  trans- 
parencies, by  passing  it  first  over  the  varnished  or 
oiled  paper  and  allowing  it  to  dry.  The  coloui-  is 
mixed  with  the  gall  and  then  applied,  and  camiot 
afterwards  be  removed. 

It  takes  out  spots  of  gi-ease  and  oil,  and  is  useful 
to  the  laundress  in  washing  dresses,  the  colours  of 
which  woidd  mn  or  be  removed  by  the  ordinary 
process  of  washing.  A  small  portion  dropped  into 
ink  renders  it  fluid. 

BINNACLE,  or  BITTACLE  (from  the  Ercnch, 
habilade,  a  small  habitation).  The  box  in  which  the 
compass  is  placed  for  steering  a  ship.  The  fonn  is 
not  of  much  importance  by  day,  provided  the  man  at 
tlie  helm  can  get  a  good  view  of  the  compass-card ; 
but  at  night  it  is  of  great  consequence  to  throw  the 
strong  light  of  a  lamp  on  the  card,  to  preserve  the 
lamp  from  the  action  of  wind  and  weather,  and  to 
prevent  its  L'ght  from  being  secu  out  of  the  ship. 

Sir  Home  Popham's  binnacle  is  in  general  use  in 
the  navy.  It  consists  of  a  square  box  about  2  feet 
high  and  18  inches  in  the  side,  with  a  top  in  the  form 
of  the  frustum  of  a  square  pyramid.  The  four  sides 
are  glazed  with  plate-glass,  and  the  compass-card, 
which  is  about  level  with  the  upper  part  of  the  square 
box,  is  distinctly  seen.  By  night  thin  copper  screens 
shut  up  those  sides  which  are  not  necessary  for  the 
steersman's  purpose,  and  the  mner  surfaces  of  these 
screens  assist  in  reflecting  the  light  of  the  lamp 
strongly  upon  the  card.  The  lamp  is  attached  to  one 
of  these  screens,  a  hole  being  cut  in  it  to  admit  the 
necessary  light.     To  prevent  the  fracture  of  the  glass 


128  BINN 

surfaces,  the  four  edges  of  the  frustmn  are  defended 
by  a  strong  wooden  frame  with  projecting  edges,  and 
at  the  top  by  a  flat  piece  of  wood  also  projecting 
considerably  beyond  the  glass. 

A  good  arrangement  of  a  ship's  binnacle  is  that  by 
!Mr.  Grant  Preston,  of  Wapping,  described  in  the 
Transactions  of  the  Society  of  Arts.  The  defects  of 
the  ordinary  binnacle  and  compass-box  are  fli-st  pointed 
out  by  him.  The  compass-box  is  generally  of  wood, 
and  square,  containing  within  it  a  cii'cular  brass  box 
suspended  on  gimbals ;  within  this  is  the  compass- 
card,  the  points  of  which  are  read  against  a  mark 
witliin  the  brass  box,  called  the  lubber's  point  ov  mark. 
^  line  drawn  from  this  to  the  centre  of  the  compass- 
card  sliould  be  exactly  parallel  to  the  line  of  the  ship's 
keel,  or  her  course  by  the  compass  wUl  not  be  correct. 
The  mode  of  fitting  the  compass-box  into  the  binnacle 
is  by  driving  wedges  all  round  to  make  it  fast,  but 
nothmg  IS  done  to  make  it  tmly  paiaUel  with  the 
ship  s  keel  The  bmuacle  is  sometunes  made  with 
tluee  c'uisions  mstcad  of  two  in  which  cise  a  com 
piss  is  pheed  m  the  t\io  outci  diMMons  and  the  1  ^ht 
between  them  but  this  method  is  ol  jtctionable, 
btcause  the  needles  are  bable  to  act  upon  c  ich  ofhei 
The  b"-ht  is  often  lliiowii  upon  the  compass  caid  very 
unjeiltcth  and  may  also  bo  seen  at  a  distance 
fiom  the  shij    which  is  an  objection 

Mr  Pi  est  on  s  bmiiacle  has  a  cyhndiical  top  for 
enelosmg  the  lamp  m  a  case  so  that  it  can  be  Lghtcd 
below  m  bad  w  eathei  The  h^ht  is  pow  ci  fid  and  steady, 
and  is  thiown  vciticnlly  upon  the  con  pass  caid  and 
the  exjcnbtureof  od  is  small  ISo  chieet  bglit  is 
scei  to  d  zzk  tl  l  e\c  of  the  stceisman  noi  is  any 
hoht  si    -ii  n  -n  hieli  can  be  seen  by  the  enemy  at  sea 

Pi  lolupicacut  tliibbmiiacleasitstandsuponthe 
deckof  avessel.op 
1  osite  to  the  stcei 

IS  a  section  of  the 
box  containing  the 
lamp  and  leflectoi 
A  V  IS  a  squaiebox 
closed  by  a  door  m 
fiont  but  omitted 
m  the  figuie  in 
01  del  to  show  tl  c 


;h  the  hij  s 
n  IS  a  shelf 
box  to  sup 

a    boaid    c 

exactly  hts 

bo\,  but   ha 


the  compass  raid  is  freely  suspended  to  turn  lound  , 
bemg  then  included  within  a  cucular  opemn^  made 
through  the  top  of  p,„  ].y 

the  box,  and  ita 
divisions  icadui^ 
against  the /«4to' J 
point,  drawn  on  f 
piece  cf  wlute  pa- 
per, and  seen  plain 
ly  in  the  figuie 
The  opening  m  the 
top  of  tlie  box  lb 
surrounded  by  an  ' 
octagonal  lantern,    L 

wliieh    has    glass  ''^  '  IJ 

panes    in    all    its    i  ' 

sides,    which    are  ' 

closed  at  night  by  sbdmg  shutters  a  a  Tliu  coinpv;s 
IS  seen  thion^h  the  gla^s  b  {laced  at  a  pioper  in 
clmation  to  command  the  ^  lew  of  the  caid  The  lamp 
IS  situated  in  a  cucular  box  fitted  with  a  rmg  r 
at  the  top  of  the  lantern  fiame  and  as  a  dome  g, 
with  a  chimney  d  to  carry  off  the  smoke  The  section, 
-      ""■       ill  expl-        ■ 


the  sides  of  the  cyl     I 
ling/  Fig    133 
biass  ciiclcs  01  gii  I    I 
Ilie    extern  d    one    1   a 
t«o    piojccting    pout 
which,    aie    leceivcd    m 
pieces  of  eoppei  soldcied 
to  the  msidc  of  the  box 
the  mtcruol  img  has  si 
imlai  pi\ots  but  these  aie 


iiiluioi  img  and  dl  tl  t 
itsuppoits  hisaumveisal 
motion,  and  if  piopcily 
balanced  willpieseivcits 


mto  the 
b   of  1«o 


ho  12 


ntal 


many 


centre    and  ten 


mclmation  of   the  box 

shown  sepai  itely,  fift 
the  img  /  and  ui  tl 
bottom  IS  a  laige  ]  1  i 

concentiatcb  the  \i^\  t 
the  hmp  and  throns  i 
do^ni upon  the  caid    Tl 


hj  h^otil  s  /, 
nariow  spout  proceed  i  h  i  the  intciior  to  the 
centie  of  the  hoop  ai  Hhe  (1  e  ]  joctb  over  the 
end  of  the  spout  Tl  c  c  1  cl  i  >  -vi  mcludes 
a  lefleetoi  of  tmiicd  iion  w  11  poll  bed,  wluch  leflects 
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Ibe  light  downwards.  By  t'uese  means  the  card  is 
well  illuminated,  and  if  the  shutters  eta  he  put  down, 
no  light  escapes  except  at  the  aperture  b,  and  this 
ilirccts  the  hght  upwards  in  a  direction  iji  which  it 
will  not  fall  upon  any  part  of  the  ship. 

BIRD-LIliIE.  This  substance  is  now  in  great 
part  imported  into  England  from  Tui-key,  but  was 
formerly  manufactured  here  to  a  considerable  extent, 
and  exported  to  Lidia  for  the  purpose  of  destroying 
insects.  It  is  a  gi-cen  substance,  viscid  and  tenacious, 
made  from  the  bark  of  various  shrubs,  but  chiefly 
from  that  of  the  common  holly.  It  may  also  be  made 
from  mistletoe  and  other  parasites.  It  contains  a 
resin  (which  has  been  called  viscine),  mucilage, 
colouruig  and  extractive  matter,  and  a  little  free 
acid.  The  middle  bark  of  the  hoUy  contams  a  large 
amount  of  viscid  matter,  and  from  tliis,  and  the  bark 
stripped  from  the  young  shoots,  the  best  birdlhne  is 
made.  The  bark  is  boiled  six  or  eight  hours  in 
water,  untU  tender ;  it  is  then  drained  from  the  water, 
and  laid  in  (lits.  for  two  or  three  weeks,  to  fennent, 
bi  111  iirii  Mi,:,i!>  infiistened  with  water,  if  necessary. 
Ail       I  I     '11  out,  and  reduced  to  a  paste  by 

I III..:   Ill  11,11 1,11  ^,  then  washed  and  kneaded,  and 

pai-kfil  m  laiiiiiii  vessels.  After  three  or  four  days, 
dui-ing  which  it  ferments  and  purifies  itself,  it  is  fit 
for  use. 

BISCUIT  (Latm,  bis  cocIhs,  twice  baked).  An  un- 
fermented  bread,  whirl  I,  ii  p, ,,].,!■.  |,;,  |,::vcd,  can  be 
kept  for  a  gi-eat  Icnji !,    i  in-  its  use  as 

a  connnon  form  of  1)1-,  1  '  ■    ,        nt  the  ships 

of  the  Royal  Navy  a.n  ...ipi.liLa  wilIi  uibcidts  made 
by  machinery,  before  the  iuUuduction  of  which  they 
were  made  by  hand  in  the  followuig  manner.  A 
gang  of  five  men  were  employed,  who  were  severally 
11  II  ir  !,  i'l,  /';  ,  -,  t1ic  mate,  the  drker,  the  Irealnnan, 
The  driver  made  the  dough,  by 
II         ,       '  1,1  water  together  in  a  trough  mth 

'li^i  ii:ii;i  ,1  :iii,,v,  until,  by  a  laborious  operation,  a 
prnpfr  consistency  was  obtained.  The  rough  dough 
was  then  deposited  on  a  break,  or  wooden  platform, 
to  be  worked  by  the  breakman,  who  kneaded  it  by 
riding  or  jiimping  upon  it  by  means  of  a  breakstaif. 
■Wlicn  siiliicicnlly  kneaded,  it  was  taken  to  a  strong 
tal)lc,  called  the  moidding-board,  where  it  was  first  cut 
into  slips,  then  divided  into  lumps  of  the  size  of  the 
biscuit,  then  moulded  by  hand  uito  the  cneular  shape, 
and  lastly  docked,  or  pierced  fuH  of  holes,  by  means 
of  a  docker,  the  whole  of  the  gang  assisting  in  tliis 
o]icratiou.  The  oven  being  properly  heated,  the 
biscuits  were  pitched  in  by  the  joint  labours  of  the 
fiirncr,  the  mate,  and  the  idlcman.  The  gang  thus 
Iiroduccd  100  lbs.  weight  of  biscuit  in  3C  mimitcs, 
including  15  minutes,  tlie  time  allowed  for  baking. 
Hence  the  nine  ovens  in  the  Royal  Clarence  Victual- 
ling Yard  at  Gosport  required  the  laliour  of  45  men 
to  keep  them  in  full  operation,  and  the  produce  was 
about  \-i  cwt.  of  biscuit  per  Lour,  at  a  cost  for  laboiu- 
■ind  utensils  of  19f?.  per  cwt. 

The  good  quality  of  bisemt  chiefly  depends  on  the 
thorough  kneading  of  the  dough,  and  its  subsequent 
division  into  portions  of  equal  size  and  thickness.     If 


the  meal  be  not  equally  mixed  with  the  water,  soma 
portions  of  the  biscuit  will  be  welter  tlian  others, 
and  wUl  requu-e  more  baking  than  the  ch-y  parts : 
these  will  be  overbaked  or  burnt  up,  or  the  moist 
parts  will  remain  unbaked ;  the  biscuit  thus  becomes 
hard  ov  Jliiiti/.  So  also  if  the  biscuits  are  of  unequal 
thickness,  if  the  thin  ones  are  not  overbaked,  the 
thicker  must  be  underbaked;  and  the  thin  parts  of  a 
badly  moulded  biscuit  v^iH  pciish  fiom  the  action  of 
the  tire,  while  its  thick  pait  ia  converted  mio flint 

About  the  year  1S33  this  method  was  supeiscded 
by  machinery  contrived  for  the  puipose  by  Mr. 
Grant,  of  Gosport.  In  the  flis.t  pioccss,  tlie  meal  is 
couveyed  into  a  cylinder  ij  f<  ( *  1'  i'"  ^  iff't  '^  nir Ims 
in  diameter,  and  the  watei  i    I  ii  it 

the  back  of  the  cybnder,  ic^u  I  he 

exact  quantity  requuedfoi  nil  i  i  i  i  I  i  nx\\ 
the  centre  of  the  cylinder  is  titttd  a  sli  ilt  aiinrd  Mith 
knives,  and  working  hoiizontally.  The  shaft  being 
set  in  motion,  the  kmves  levoho  thiough  the  meal 
and  water.  During  the  flist  half-miuuto  the  meal  and 
water  do  not  appear  to  unite ;  but  after  this  the  dough 
begins  to  assume  a  consistency,  and  in  two  minutes 
5  cvrt.  of  well  mixed  dough  is  produced.  The  cyluider 
is  formed  so  that  its  lower  half  is  easily  separated  by 
means  of  a  wheel  and  pinion  from  the  upper  sides, 
thereby  forming  a  trough  containing  the  dough,  from 
which  it  is  removed,  and  placed  under  the  breaking- 
rollers  to  be  kncadril,      ti,   , 


igh  1,500  pouui 
a  two-throw  crauk-i ' 
and  pcndidums;  tin;, 
over  the  dough  duiiug 
of  dough  is  brought  i 


lied  froii 


)r  docM, 


II  ,'  n,iincctingrods 
I  rl,v,,'Hls  and  forwards 
iiiiiules,  when  the  5  cwt. 
solid,  perfect,  and  cqn;d 
consistency.  Trom  the  breakuig-roUers  the  dough 
is  cut  into  pieces  18  inches  square,  aud  placed  on 
boards  G  feet  long  by  3  feet  wide,  which  are  conveyed 
by  means  of  a  line  of  friction-rollers  connected  by 
an  endless  chain  under  a  scco 
roUed  to  the  reqiui-ed  thickii' 
square  of  dough  being  thus 
cover  the  surface  of  thr  I 
transferred  under  the  cud  in 
is  at  the  same  moment  cut  a 
into  43  hexagonal  biscuits,  which,  beuig  now  com- 
plete, are  at  once  conveyed  to  the  oven  on  car- 
riages eonsti-uctcd  for  the  purpose.  The  hexagonal 
shape  is  preferred  in  order  that  there  may  be  no  waste, 
the  sides  of  each  biscuit  by  this  contrivance  fitting 
accurately  uito  those  of  the  adjoining  biscuits,  as  seen 
in  Fig.  134.     Each  biscuit  Fw-  m. 

is  stamped  with  the  broad 
arrow,  the  number  of  the 
oven,  and  also  docked  by  < 
the  same  movement  which 
cuts  it  out  of  the  piece  of  \ 
dough.       The     hexagonal  / 
cutters  do  not  completely  ^ 
separate    the    biscuits,   si 
that  a  whole  sheet  of  then 
can  be  put  into  the  ovei: 


,vitlulr; 


\  tlif 


e  brok 
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Tlie  com  for  tlic  biscuits  is  prepared  nt  tlic  Govern- 
ment mills  :  it  is  a  mixture  of  fine  ilour  and  middlings. 
[See  Bi(EAD.]  The  ovens  are  of  wrouglit-iron,  with 
an  area  of  about  160  square  feet.  About  112  lbs. 
weight  of  biscuits  is  put  into  the  oven  at  one  time  : 
this  is  called  a  suit,  and  is  reduced  to  about  100  lbs. 
by  the  baking.  The  men  engaged  in  tliis  work  wear 
clean  cheek  sliii-ts,  and  white  linen  trousers,  apron, 
and  cap ;  and  the  most  scrupulous  attention  to  clean- 
liness is  observed. 

The  bakehouse  at  Gosport  was  provided  with  one 
mixing-machine,  two  breaking-roUers,  four  sheet- 
rollers,  and  four  stampers;  and  it  was  calculated  that 
this  macliinery  would  require  eight  men  and  eight 
boys,  to  supply  the  nine  ovens  ;  that  the  produce  per 
hour  would  be  10,000  biscuits,  or  one  ton  of  bread, 
at  a  cost  for  labour  and  other  incidental  expenses  of 
5%(l.  per  cwt.  It  was  found,  however,  in  practice, 
that  the  machinery  could  easily  supply  eighteen  ovens, 
should  it  ever  be  advisable  to  enlarge  the  bakehouse 
to  that  extent.  With  the  exception  of  the  men  em- 
ployed in  heating  and  managing  the  ovens,  no  profes- 
sional bakers  are  required,  ordinary  labourers  and 
boys  bcmg  fuUy  competent  to  every  other  part  of  the 
work.  This  is  a  gi'cat  advantage,  suice,  in  time  of 
war,  it  has  hitherto  been  found  very  difficult  to  supply 
the  navy  with  biscuit,  and  the  men  employed  as 
biscuit-bakers  required  very  high  wages.  In  the  late 
war,  double  gangs  of  workmen  -were  constantly  em- 
ployed ;  but  the  supply  of  biscuit  was  so  inadequate 
that  (he  Government  was  compelled  to  have  recourse 
to  contractors,  who  suppKed  bad  biscuit  at  a  high  price. 
It  has  been  calculated  that  the  three  bakehouses  at 
Deptford,  Gosport,  and  Plymouth,  could,  by  working 
eight  hours  per  day,  produce  annually  7,354  tons 
of  biscuit.  If  this  quantity  had  to  be  made  by  hand, 
the  price  paid  for  labour  and  utensils,  at  19rf.  per 
cwt.,  woidd  amount  to  11,6-13/.  The  machmery 
manufactures  at  h\d.  per  cwt.,  including  10  per  cent, 
for  weai-  and  tear,  and  all  other  expenses ;  so  that  this 
same  quantity  of  biscuit  would  be  produced  for  3,217/., 
showing  a  net  saving  of  S,426/.' 

The  term  biscuil  is  also  applied  to  porcelam,  when 
baked  and  not  glazed.  [See  roTiERT  and  Pokcelain.] 

BISMUTH.  A  metal  of  no  great  importance  in  the 
arts.  It  was  fust  distinguished  from  lead  by  Agricola, 
in  the  16th  century.  It  occurs  native,  and  also  in 
combination  ^-ith  oxygen,  with  arsenic  and  sulphur. 
It  is  fomid  in  very  limited  quantities  in  Cornwall, 
Germany,  Prance,  and  Sweden.  In  the  smelting 
works  of  the  Saxon  Erzegebuge,  at  Sehneeberg,  the 
metal  is  separated  from  its  gangue  by  a  very  simple 
process.  The  ore  is  enclosed  in  tubes  of  iron  plate, 
(Pig.  135),  placed  in  an  inclined  position.  The 
mineral  is  introduced  by  the  opeumg  at  p,  which  is 
then  shut.  The  other  extremity  is  closed  by  a  plate 
with  a  small  apert^rre  near  the  lower  edge,  through 
which  the  metal  flows  out  as  it  is  melted  by  the 
action  of  the  heat.  It  is  received  into  clay  pots  c 
on  the  outside,  wliich  are  kept  hot  by  a  fire  beneath 
them.     From  these  pots  the  metal  is  ladled  into 

(1)  Nautical  ILisazine,  vol.  i.  New  Series.  1S37. 


moidds.  In  this  stale  it  is  always  contaminated  by 
sulphur  and  arsenic,  which,  however,  can  be  se- 
parated by  fusing-  the  metal  with  ^  th  of  its  weight 
of  nitre. 


ilU 


i.L-ial,  with  a 


slight  red  tint,  wlucii  is  very  cvuk-nt  in  holding  a 
specimen  by  the  side  of  a  lump  of  antimony  or  zinc. 
Its  specific  gravity  is  9.799.  It  fuses  at  507°,  or 
according  to  another  authority  513°,  and  always 
crystallizes  in  cooHng.  It  expand,"  at  the  moment 
when  it  solidifies,  so  that  it  is  lighter  in  the  solid 
than  in  the  liquid  state.  Good  crystals  may  be 
obtained  by  carefully  melting  the  pni-ified  metal,  and 
then  pouring  it  into  a  heated  moidd,  and  allowing  it 
to  cool  very  slowly  and  qiuetly.  When  a  solid  crust  has 
fonned  on  the  surface,  it  is  pierced  in  two  opposite 
places  near  the  edge,  and  the  liquid  metal  is  poured 
out  at  one  hole,  while  the  air  enters  at  the  other. 
The  mould  is  then  suffered  to  cool,  and  on  removing 
the  crast  the  cavity  will  be  found  lined  with  beautiful 
cubical  crystals  (Pig.  136),  highly  iridescent  from 
the  formation  of 
a  thin  pellicle  of 


transmits 

mostothermc 

probably  on 

count  of  its  highly  crystaUiue  texture.     It  is  volatde 

at  a  high  temperature,  and  may  he  distilled  in  close 

vessels,  but  with  difficulty.    A  cast  bar  of  bismuth 

■jiyth  inch  in  diameter  supports  a  weight  of  4S  lbs. 

There  are  two  principal  oxides  of  bismuth,  a  ter- 
oxide  and  an  acid  oxide.  There  is  also  a  compound 
oxide.  The  teroxide  may  be  obtamed  by  fusing 
the  precipitate  of  subnitrate  thrown  down  by  water. 
This  subnitrate,  also  called  pcarl-wlate,  is  used  by 
some  ladies  as  a  cosmetic.  It  is  more  usefully  em- 
ployed as  a  flux  for  certain  enamels,  increasing  their 
fusibility  without  imparting  colour.  It  is  hence 
used  as  a  vehicle  for  the  colours  of  other  metallic 
oxides.  When  weU.  washed  it  is  employed  in  gilding 
processes,  an  addition  of  J^th  being  made  to  the 
gokl.     It  is  also  used  in  medicine. 

Some  of  the  alloys  of  bismuth  were  noticed 
under  AtLOT.     In  this   article  it  was  stated  that 
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safety  plugs  of  fusible  metal  formed  of  lead,  tin,  and 
bismuth  have  been  used  m  steam  boilers  to  provide 
agamst  explosion.  It  was  supposed  that  if  the  tem- 
perature of  the  steam  should  rise  above  a  certain 
point,  and  the  safety  valve  not  be  in  a  condition  to 
allow  of  its  escape,  the  plug  would  fuse,  and  afford 
a  vent.  K  has  been  fo\uid,  however,  that  when  this 
alloy  is  exposed  dun'ng  a  long  period  to  a  tem- 
peratm-c  near  its  fusing  point,  it  undergoes  a  sort  of 
eliqnatioii,  [See  Assating,]  by  which  a  more  fusible 
alloy  is  melted  out,  and  that  which  remains  is  much 
less  fusible  than  the  origiaal  aUoy.  In  some  ex- 
plosions of  boilers,  the  safely  plugs  have  for  this 
reason  been  found  entire.  Hence  this  mode  of  protect- 
ing boilers  has  been  abandoned.     [See  Alloy,  App.] 

Fusible  metal  has  been  successfully  employed  for 
making  easts  of  anatomical  preparations,  and  other 
similar  piu-poses.  Professor  IBrande  says : — "  It  may 
be  employed  for  'talcing  casts  from  medals,  and  even 
from  the  surface  of  wood  and  embossed  paper. 
Some  beautiful  casts  have  also  been  made  in  this 
metal  of  the  internal  ear,  showing  the  complcxitic:; 
of  its  bony  cavities."  Cake,  moulds  for  the  manu- 
facturers of  toilet  soaps  are  also  made  of  this  metal. 

BITTERN.  The  mother-liquor  or  nncrystallizablc 
residuary  solution  of  salt  wouks,  so  called  on 
account  of  its  excessively  bitter  taste.  Its  principal 
ingredients  are  chloride  of  magnesium  and  sulphate 
of  magnesia  or  Ersoii  salts.     [See  Sodium.] 

BITUSIEN,  see  Asphaltum. 

BLACK-LEAD.  PLUMBAGO.  GRAPHITE. 
A  mineral  substance  occurring  in  veins,  and  in 
kidney-shaped  lumps,  in  gneiss,  mica  slate,  and  their 
subordinate  rocks ;  also  in  transition  slate,  as  in  the 
valuable  mine  at  Borrowdale,  in  the  heart  of  the  lake 
district  of  Cumberland.  Black-lead  has  probably  re- 
ceived its  name  from  its  colour,  which  is  of  a  leaden 
or  slaty  grey,  passing  into  iron  black,  but  there  is 
not  a  particle  of  lead  m  its  composition.  According 
to  Vanuxen,  the  pure  and  impure  varieties  from  Bor- 
rowdale contain : — 

Pure.      Impure 

C.ivbou 88.37  G1.27 

Watir   ......     1.23  5,33 

Silica     ......     5.10  10.]  0 

Alumina 1.00  3.20 

Oxides  of  iron  and  man- 1  ^^^^^ 

ganese ) 

99.30  99.90 

The  ashes  of  plumbago  are  found  to  contain  titanic 
acid,  and  "  it  seems  probable,"  says  Brande,  "  that 
m  plumbago  the  oxide  of  iron  is  in  combination  with 
titanic  acid  and  silica,  and  not  with  the  carbon,  so  as 
to  constitute  a  carbm-et  of  iron."  Some  specimens, 
as  those  from  Barreros  in  Brazil,  scarely  contain  a 
trace  of  iron. 

Black-lead  has  been  found  among  the  coal-strata, 
as  at  Cumnock  in  Ayrshh-e ;  it  has  also  been  found 
in  greater  or  less  purity,  and  occasionally  worked  in 
many  other  parts  of  the  world,  especially  in  the 
United  States  of  /bnerica;   but  the  English  mine 


at  Borrowdale  has  long  maintained  the  pre-eminence, 
so  that  the  "  cmi/oiis  d'Jiiffhfcm"  arc  in  great 
esteem  throughoui  In:'  .  i.iii.^  :i'.  The  Borrowdale 
mine  was  discovcn  J  :  '  i  :  ;  >  I'  Elizabeth,  and 
soon  became  cclrl-i       ;  !         ';i:iblo  contents. 

The  work-people  en-:  I. -i  i;!  ;  ,  :  i  iliusc  from  neigli- 
bouring  mines,  were  not  proof  igaiiist  the  temptations 
to  plunder.  The  latter  w^ould  even  cut  their  way 
through  from  their-  own  mines,  and  carry  off  quan- 
tities of  the  black-lead.  On  one  occasion  a  party  of 
miners  overcame  the  guard  placed  at  the  entrance, 
and  kept  possession  of  the  whole  place  for  several  days. 
These  depredations  were  resisted  with  difficulty,  and 
were  not  put  a  stop  to  until  many  persons  in  the 
\ncinity  of  the  mines  had  become  enriched  thereby. 
At  length  an  act  of  parliament  was  obtamed,  inflicting 
severe  penalties  on  depredators,  and  this,  with  im- 
proved means  of  defence,  has  proved  an  efficient 
protection. 

Tlic  mine  is  situated  about  half  way  up  the  side  of 
:    i,M  u,ii;,;,i   r.llrd   Scatallor  Eell,   in  Ciunberland, 
i  ii!i  of  Keswick,  and  which  rises  to  tlie 

'  I  .  :  i'l  feet.  From  the  entrance  to  (he 
III;  ■  ;i  lim:  ii,!il  cavity  is  excavated  to  the  extent 
of  scvcial  luuiilvcd  feet  into  the  body  of  the  moun- 
tam,  having  a  railway  laid  doMTi  for  the  transit  of 
the  ore.  The  entrance  is  protected  by  a  substantial 
buildmg,  in  which  is  a  room  for  assorting  and  dressing 
tlie  ore,  which  process  is  performed  under  strict  sur- 
veillance, and  with  the  threatening  aspect  of  fire- 
arms. These  is  also  a  room  called  the  dressing-room, 
in  which  the  woikj'  ■  , '.!■  cliin  :  ■  il. '.■  -■■iiiuriils 
previous  to  cntciiii-    i'   ■  i   .        i   :  In  r  six 

hours' work,  on  k:/-  i-    I  ■    ,      r.  '    :  ;     ,m1"0'- 

which  forms  the  i.iii;L;i'  ui;I)  i..!;,ii.:.  t!'  Liitimicc  to 
the  mountain.  The  plunibago  is  of  a  line  granular 
tcxtui-e,  and  so  pm-e  that  it  reqrdres  very  little  labour 
to  fit  it  for  the  market.  Wlien  it  has  been  assorted 
and  dressed,  it  is  packed  in  strong  casks  liolding 
about  a  hundredweight  each,  and  is  thus  forwarded 
to  the  proprietors  in  London.  In  former  tunes  this 
mine  was  oidy  opened  once  in  seven  years,  but  owing 
to  the  increased  demand  for  plumbago,  it  is  now 
opened  every  summer  for  about  six  week.s,  and 
during  that  short  period  as  much  as  30,000/.  or 
40,000/.  w^orth  of  mmcral  is  sometimes  obtained. 
The  closing  of  the  mine  is  accompanied  witli  la- 
borious precautions  for  insuring  its  safety.  The 
earth  and  rubbish  previously  excavated  are  wheeled 
back  again  to  the  opening  of  the  mine,  and  heaped 
up  there  to  the  amount  of  some  hundred  cart-loads. 
Tills  fonns  a  dam  to  a  riU  of  water  which  flows 
through  the  mine,  and  which  being  thus  deprived  of 
the  means  of  outlet,  rises  to  a  considerable  lieiglit, 
floods  the  mine,  and  affords  tlic  best  protection 
against  robbeiy. 

This  important  mine  is  shared  between  a  few  in- 
dividuals, and  the  product  fetches  from  35j.  to  45j 
per  lb.  in  the  market.  The  market  for  black-lead  k 
held  monthly  in  London,  at  Essex  Street,  Strand. 
Specimens  of  the  different  qualities  3  or  4  inches 
long  are  exhibited  to  the  seven  or  eight  individuals 
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wlio  ni-c  the  sole  purchasers;  aud  afler  Ijcing  es- 
amincd  -^rith  a  sharp  insli-uuicut  to  ascertain  the 
hardness,  the  choice  is  made,  and  the  order  givcu, 
the  first  choice  being,  however,  accompanied  with  a 
higher  price  than  the  rest.  But  as  tliere  is  no  ad- 
dition made  to  the  quantity  of  black-lead  during  the 
year,  it  comes  to  jjass,  that  at  succeeding  markets  the 
specimens  which  had  been  previously  rejected  are  all 
chosen  in  turn,  until  the  whole  is  disposed  of. 

There  are  several  mines  of  plumbago  in  the  "United 
States  of  America,  the  most  important  being  that  at 
Sturbridge,  Massachusetts.  The  plumbago  thence 
obtained  is  in  large  masses,  in  veins,  in  gneiss,  and  is 
coarsely  granular  and  foliated  in  texture.  The 
quantity  annually  procured  amounts  to  about  30  tons. 
At  Taunton,  Massachusetts,  the  Sturbridge  plumbago 
is  prepared  by  lii'st  pulverising  it,  and  then,  by 
macliinc  pressm-e,  condensing  it  into  thin  sheets. 
These  sheets  are  then  sawn  up  of  the  size  required. 
This  resembles  the  Prench  method,  by  which  graphite 
even  of  coarse  qualities  is  made  useful  by  being 
ground  line  and  calcined,  but  in  this  latter  case  it  is 
mixed  in  a  paste  with  very  fine  clay,  and  lamp-black 
is  occasionally  added. 

The  piu-ity  of  the  English  mineral  enables  the 
manufacturer  to  apply  it  to  use  by  simply  sawing 
out  slender  paraUelopipeds,  from  1  to  2  inches  long, 
from  sound  pieces  of  plumbago  which  have  been 
previously  calcined  in  close  vessels  at  a  bright  red 
heat.  These  paraUelopipeds,  enclosed  in  cases  of 
cedar,  form  the  best  black-lead  pencils.  But  they 
may  lie  also  used  alone,  being  protruded  as  they  arc 
wanted  from  slender  tubes,  by  means  of  an  iron  wire 
and  screw  contained  in  the  new  form  of  pencil  ease 
adojited  of  late  years,  and  called  the  ever-pointed 
pencil.  The  cedar  cases  are  made  by  cutting  the 
wood  with  a  cii-cular  saw  into  four-sided  strips  of  a 
proper  length,  and  these  are  an-anged  so  that  the 
Ihlckncss  of  two  of  them  may  form  a  square,  of 
whicli  oue  piece  is  thicker  than  the  other,  and  is 
ijroovcd  l)y  a  common  plough  plane  to  receive  the 
lead.  This  is  first  dipped  in  glue,  and  then  adjusted 
to  the  groove,  portion  after  portion,  tiU  the  whole  of 
the  groove  is  filled.  The  surface  is  then  smoothed 
down  level,  and  the  other  half  of  the  cedar  is  glued 
on,  thus  making  a  square  black-lead  pencil.  To 
make  tins  round,  it  is  passed  through  a  hole  in  an 
iron  or  steel  puppet  of  the  exact  size  of  the  pencil, 
and  forced  along  by  the  workman.  On  the  other 
side  of  this  hole  is  an  apparattis  consisting  of  two 
gauges,  and  a  small  plane  iron,  revolving  round  an 
open  centre,  and  cutting  the  pencil  into  a  cylindrical 
form  as  it  passes  along  towards  a  circular  hole  which 
nest  receives  the  newly  fashioned  pencil,  and  further 
compresses  and  polishes  it  before  it  is  finally  with- 
dra«-n  by  the  workman  with  a  pair  of  wooden 
nippers.  To  prepare  the  cylmdi'ical  leads  for 
pointed  pencils  is  a  work  of  much  delicacy.  The 
black-lead,  first  cut  into  square  prisms,  is  in 
and  gradually  brought  into  the  required 
passing  it  through  three  dilTerent  sized  circular  holes 
cut  in  pieces  of  ruby ;  the  fij-st  converts  the 
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!ght-sidcd  prism;  the  second  eh: 
eight -sided  to  a  sixteen-sided  prism ;  the  third 
converts  it  into  a  cylindrical  form,  and  is  of  the  exact 
The  rubies  in  tliis  operation  do  not  last  many 
days,  aud  steel  it  is  said  is  worn  out  in  a  few  hours, 
so  that  the  ever-pointed  pencils,  if  genuine,  can 
never  be  veiy  cheap.  Yet  thousands  of  pencils  re- 
sembling these,  but  made  of  composition  instead  of 
pure  lead,  are  sold  at  an  exceedingly  low  price. 

The  first  attempt  at  artificial  pencils  which  led  to 
any  important  results  was  that  of  a  French  gen- 
tleman, named  Conte,  whose  process  has  been  ab-cady 
alluded  to.  The  aduu.xtm-e  of  pure  clay  in  various 
proportions,  not  only  with  black-lead  reduced  to 
powder,  but  with  different  coloured  earths,  enabled 
liim  to  produce  various  degrees  of  hardness  and  tint 
which  wer.'  l,i_lii\  :iil\ ,  ni  iuvmus,  and  caused  these 
pencils  tu   I  >  .  '     :   h  J,  aud  to  yield  to  the 

inventor  .i  linidsome  fortune.    The 

clay  was  Cr^i  chLiiiUv  \\,i  iird  and  cUffused  in  large 
tubs  of  river  water,  and  iJlowcd  to  settle  two 
minutes,  when  the  milky  liquor  was  dra^vn  off  from 
near  the  sui-faee  into  the  second  tub,  which  thus 
received  only  the  finest  particles.  The  sediment  in 
this  second  tub  is  extremely  soft  and  plastic,  and 
when  di-ied  on  linen  filters,  is  fit  for  use.  Mean- 
while, the  plumbago  has  been  powdered  in  an  iron 
mortar,  and  calcined  in  a  cr-ueible  to  nearly  a  white 
heat.  It  is  then  ready  to  be  mixed  with  the  clay  in 
arying  proportions,  a  fine  hard  pencil  being  pro- 
lucod  by  2  parts  clay  to  1  part  plumbago,  a  softer 
pencil  by  equal  parts  of  each.  The  powders  when 
e  triturated  with  water  to  a  smooth  paste, 
and  ground  with  a  midler  on  a  porphyry  slab  till  they 
are  of  the  consistence  of  thin  dough.  This  dough 
is  pressed  into  grooves  in  a  smooth  board,  (previously 
boiled  in  grease  to  prevent  the  clay  sticking  to  it,) 
and  another  board  screwed  down  upon  it,  so  that  the 
air  can  oidy  act  on  the  ends  of  the  pencils  in  the 
grooves,  which  accordingly  contract  and  become 
loose  in  the  grooves.  The  mould  is  put  into  an  oven 
at  a  moderate  heat  further  to  dry  the  pencils,  which 
are  then  taken  out  and  still  further  hardened  by  setting 
them  upright  in  a  crucible,  having  a  luted  cover,  sur- 
rounding them  with  sand  or  charcoal  powder,  and 
placing  them  in  a  furnace,  where  they  are  baked  more 
or  less,  according  to  the  degree  of  hardness  required, 
and  when  withdrawn  are  allowed  to  cool  in  the 
crucible.  They  are  now  ready  for  being  placed  in  the 
cedar  cases,  but  if  intended  for  very  fine  work,  (ar- 
chitectural drawing,  for  instance,)  they  must  be  first 
heated  and  then  immersed  in  melted  wax  or  suet,  nearly 
boiling  hot,  before  being  fixed  in  the  case.  This 
gives  them  a  certain  degree  of  softness,  and  preserves 
their  points  better.  The  hardest  pencils  of  the 
architect  have,  however,  been  made  of  lead  melted 
wifli  some  antimony  and  a  little  mercury.  The 
common  pencils  sold  in  the  streets  of  London  are 
nindo  with  the  powder  of  black-lead,  mixed  with 
melted  sulphur,  and  poured  into  moulds  which  are 
sometimes  reed  or  rushes.  Common  carpenter's 
pencils  are  of  this  sort  and  answer  very  well  for  the 
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purposes  to  which  they  are  applied.  Gum  arabic  auJ 
resiu  are  often  mixed  \rith  the  plumbago  in  common 
pencils. 

Besides  the  principal  use  of  black-lead  in  making 
peucUs,  it  is  also  employed  for  counteracting  friction, 
for  making  crucibles  and  portable  furnaces,  and  for 
giving  a  gloss  to  the  surface  of  cast-iron.  The  in- 
ferior descriptions  of  plumbago  arc  largely  employed 
for  tliese  purposes. 

BLACKING.  An  article  prepared  in  various 
ways  for  the  blacking  of  boots  and  shoes.  Each 
manufacturer  has  his  own  recipe,  in  which  tlie  prin- 
cipal ingredients  are  oil,  vinegar,  and  ivory -black,  or 
some  other  sort  of  blacking  maliri.  Tu  f  in.i  r  .'  i , 
shoe-blaeks  stood  in  our  sfrecU  i.  i  ■  i'  : 
quired  operation  on  pedestrian-,  ! 
improved  pavements,  and  grcni.  i-  rK  ;iiii;i,.— ..  ihr 
brilliancy  of  the  shoe  that  lias  received  its  morning 
polish  at  home,  is  scarcely  impaired  through  tlie  day. 
Blacking  is  cither  liquid  or  in  the  form  of  a  paste, 
and  some  of  the  establislunents  for  its  manufacture, 
especially  in  London,  are  on  the  most  extensive 
scale,  and  are  known  by  tlieir  elaborate  system  of 
advertismg  all  over  the  world.  Among  the  various 
prescriptions  for  making  liquid  or  paste  bLn  '  ;i_  1 1 
following,  which  has  the  title  of  "patoiii;  .  :. 
markable  for  the  intioduetion  of  caoufcl;'  i.    ' 

would  tend  to  make  the  blaekingwater-prool . — i  >  j_-. 
of  caoutchouc  are  dissolved  in  9  lbs.  of  hot  rape  oil. 
Add  60  lbs.  ivory  black,  and  45  lbs.  molasses,  with 
1 II).  finely  ground  gum  arabic  previously  dissolved  in 
20  gallons  of  vinegar  of  strength  No  24.  The 
whole  to  be  well  triturated  in  a  paiut-iiiiU  till  smooth. 
Tlion  add  in  smaU  successive  quantities  12 lbs.  sid- 
phurie  acid,  stirring  strongly  for  lialf  an  hour.     The 

ring  to   be   continued   for  half   an  hour  a  day 

■ing  a  fortnight,  when  3  lbs.  of  gum  arabic  in  fine 
powder  are  to  be  added,  and  the  half-hour's  stirring  to 
be  continued  another  fortnight.  A  flue  liquid  blacking 
3  then  produced,  and  is  ready  for  use.  To  make 
paste  blacking,  the  same  ingredients  and  quantities 
are  employed,  except  that  the  gum  arabic  is  dissolved 
in  only  12  lbs.  of  vinegar  instead  of  20  gallons,  and 
the  paste  is  ready  in  a  week. 

BLANKET.      See  Wool  and  Worsted. 

BLAST.        Sec    Bellows    and    Blowing    Ma- 

CHIKES. 

BLAST  EURNACE.      See  Iron. 

BLASTING.      See  Mine  and  Qu.vrky. 

BLEACHING  (from  the  French  bluHchii;  to 
whiten).  Calico,  muslin,  and  other  cotton  fabrics 
tvhich  are  sold  in  a  white  state,  require  bleaching, 
which  is  also  often  a  preparatory  process  to  dyemg  and 
calico-printing.  Linen  goods  also  require  bleaching. 
There  is  probably  no  department  of  the  useful  arts 
which  has  received  such  direct  and  obvious  benefits 
from  chemical  science  as  the  art  of  bleaching.  It 
was  formerly  the  practice  to  send  all  the  brown  linen 
manufactured  in  Scotland  to  Holland  to  be  bleached. 
After  some  preparatory  processes,  the  linen  was 
spread  out  iu  bleaching  grounds,  and  sprinkled  with 
pure  water  several  times   a-day.     In  the  coui-se  of 


several  months'  exposure  to  air,  light,  and  moisture, 
the  goods  were  Ijleachcd.   Goods  forwarded  to  Holland 

followiir;  1  '  •    '        I.   ^   i"    ,  ','  ••'  V  1  ',  ,     ■     -,  1,  they 


inds. 


Main  ;i!  r,  ,  i  ;,  m  .'.,■  to  introduce  the  Dutch 
methr.a  ■  !  !t  .  this   country.     In   1749 

bIeach-\iui;,o  v.i.u  i „;„';. i^lad  in  the  north  of  Scot- 
land witli  tolerable  success.  The  cloth  was  first 
steeped  for  some  days  iu  ;dkaline  leys ;  it  was  then 
washed  clean  and  spread  upon  the  grass  for  some 
Mr,:.,,     Til','     " "      ;i!'il  ■     ■■«  ire  repeated  five 

(■l"l'li.i  Tiir      ■    [Mw.r.r,     Mr,,'     IVjiratcd     Ulltil    thc 

linen  was  sulliciciitly  bleached,  the  strength  of  the 
alkaline  ley  being  gradually  diminished. 

This  method  of  bicacliing  was  very  expensive,  not 
oidy  fi-nni  til-  1  ii::f!i  -  f  \\:-\r  nT;<i::-!-J  in  the  opera- 
tion, lin'  ,'  ■  \  '  ''  'i  •  ■  i'.it  of  grass-land 
requiiid  I  nif,   exposure    of 

large  ,|„;,:n;  .  ,.:  ..  .  ,:  ,.;  ,l.n,;  served  as  a 
!■      .II',        ^  i  ,  ,il  led  to  much 

li,L\ij  IcLii  sL,jI  by  ;,., ,!!.,-;■  ,^u!.5  ur  ivomided  by  man 
trajis,  and  in  one  terrible  case,  a  man  who  was 
watching  his  property  actually  shot  his  own  son,  who, 
after  a  long  absence  at  sea,  was  returning  home,  and 
walked  across  ihe  bleach  croft  as  a  nearer  path  to 
the  house. 

The  first  improvement  on  the  old  Dutch  method, 
was  in  the  process  of  soiirbii/,  in  wlueli  dilute 
sulphuric  acid  was  substituted  for  soui-  mUk,  the 
effect  of  wluch  was  to  reduce  the  time  required  for 
bleaching,  from  S  to  4  months;  but  tlie  grand 
improvement  in  the  art  was  made  by  Berthollet, 
I  who,  in  1785,  wliile  repeating  some  experiments  on 
:  cldorine,  which  liad  been  discovered  by  Scheele  in 
1774,  found  that  an  aqueous  soluliou  of  this  substance 
was  capable  of  destroying  vij,:  !i'i'  r,,l, m-,  inn!  he 
was  hence  led  to  suggest  il>  III  ,  •  r  i m  liing. 
In  17S6,  Berthollet  showeil  ii  ,     i    i  ,  Watt, 

who  was  then  in  Paris,  and  .a  !ii  ,  nM,.i  t,,  linyland 
he  examined  the  subject  practically,  and  actually 
bleached  1,500  yards  of  linen  by  its  means,  in  the 
bleach-field  of  his  father-in-law  Mr.  Macgrcgor,  near 
Glasgow,  who  was  so  well  satisfied  witli  the  process 
that  he  resolved  to  adopt  it  at  his  works.  In  the 
following  year  Professor  Copeland  of  Aberdeen 
introduced  the  plan  to  the  bleachers  of  that  neigh- 
bourhood, who  adopted  it  gladly.  The  method  soon 
got  into  bleaeli-works  generally,  but  it  w-as  found 
after  a  short  time  that  the  powerful  action  of  ihe 
gas  was  injurious  to  the  workmen,  and  also  to  the 
texture  of  the  goods  exposed  to  it.  Berthollet 
endeavoured  to  remove  thc  noxious  odour  by  adding 
potash  to  the  water,  by  whieli  means  a  greater 
quantity  of  the  gas  was  absorbed,  and  ilie  solution 
was  then  diluted  with  a  considerable   quantity  of 
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water.  The  bleaching  property  of  the  solution  was 
however  destroyed  after  a  time  by  this  method,  in 
consequence  of  certaui  chemical  changes  wHch  took 
place.  Dr.  Henry  of  Manchester  substituted  lime 
for  the  potash,  by  iii-st  passing  the  goods  to  be 
bleached  through  a  stratum  of  thin  cream  of  lime, 
and  then  exposing  them  to  an  atmosphere  of 
chloiine ;  a  chloride  of  lime  was  thus  formed  in  the 
cloth,  but  its  action  was  in  some  cases  iujui-ious. 
In  1798  Mr.  Tennant  of  Glasgow  took  out  a  patent 
for  a  method  of  making  a  saturated  solution  of 
chloride  of  liine  for  bleaching  purposes.  It  was 
perfectly  successful,  but  the  patent  was  set  aside  on 
the  ground  that  the  invention  was  not  now.  Mr. 
Temiant,  however,  continued  his  investigations,  and 
discovered  a  method  of  impregnating  lime  in  a  dry 
state  with  chlorine,  thus  producing  the  celebrated 
bleaching  powder,  which  is  prepared  at  the  present 
day  much  in  the  same  manner  as  it  was  originally 
contrived.  The  Krae  is  contained  in  a  stone  chamber  i, 
(S\g.  137,)  8  or  9  feet  high,  built  of  siliceous  saud- 


Ktoiio,  ( he  joints  of  which  are  secm-ed  with  a  cement  of 
pitch,  resin  and  gypsum.  A  door  fitted  into  it  at  one 
end,  can  be  made  air-tight  by  strips  of  cloth  and 
clay.  A  window  at  each  side  enables  the  workmen  to 
judge  how  the  impregnation  goes  on  by  the  colour 
of  tlie  gas,  which  is  yellowish  green.  The  line  to 
be  impregnated  with  the  gas  is  contained  in  trays 
8  or  10  feet  long,  2  feet  broad,  and  1  inch  deep. 
These  trays  are  arranged  one  over  another  to  the 
height  of  5  or  6  feet,  and  are  kept  about  an  inch 
asunder  by  means  of  cross  bars.  The  cldorine  is 
obtained  from  common  salt  (cliloride  of  sodium),  by 
the  action  of  black  oxide  of  manganese  and  sulpWic 
acid.  About  10  cwt.  of  salt  are  mixed  with  from 
10  to  14  cwt.  of  manganese,  and  then  introduced 
by  an  aperture  at  c  into  a  large  leaden  vessel  of  a 
nearly  globular  form.  This  vessel  has  an  outer  casmg 
or  jacket  of  iron  a  a,  and  steam  is  admitted  at  h  into 
the  interval  between  the  two,  for  the  pui-pose  of  com- 
mmiicating  heat.  Trom  12  to  14  cwt.  of  sulphni-ie 
acid  are  iutroduced  in  successive  portions  through  a 
twisted  funnel  /  and  the  materials  are  all  stirred  up 
by  means  of  an  agitator  d  b,  the  handle  of  which  is  on 
the  outside.  As  the  gas  escapes  from  this  vessel,  it 
is  received  into  a  leaden  cylinder  containing  water : 
it  then  enters  by  a  leaden  pipe  e  mto  the  top  of  the 
ceiling  of  the  stove-room  i,  and  being  heavier  than 
the  air  of  the  room,  falls  slowly  down  and  diffuses 
itself  through  the  chamber,  where  it  gradually  com- 
bines with  the  lime.  After  the  action  has  been 
caiTied  on  for  about  3  days,  the  h;Jf  fomied  clilorido 


within  the  cha:nber  is  stii-red  up  by  means  of  rakes 
II  from  the  outside,  or  a  man  enters  the  chambers 
for  the  pm-pose  by  the  doors  k  k :  by  this  means  the 
particles  of  lime  which  have  not  yet  absorbed  the  gas 
are  exposed  to  its  action.  The  process  is  then  con- 
tinued for  another  2  days,  the  materials  in  the  leaden 
retort  being  frequently  stirred  up.  When  all  the 
chlorine  is  extracted,  the  contents  of  the  retort,  con- 
sisting of  sulphate  of  soda  and  sulphate  of  manga- 
nese, are  removed  by  the  tube  g. 

The  chloride  of  lime  thus  formed,  is  used  in 
enormous  quantities  in  the  bleach-works  of  Great 
Britain,  most  of  which  are  situated  in  Lancashire 
and  in  the  neighbourhood  of  Glasgow.  As  the 
various  processes  require  an  abundant  supply  of  pure 
water,  the  works  are  usually  situated  near  some 
stream.  The  substances  which  requii-e  to  be  removed 
from  cotton  goods  in  order  that  they  may  have  a 
pure  white  colour,  are  of  various  kinds.  The  cottou 
fibres  are  covered  with  a  resinous  substance,  which 
to  a  certain  extent  prevents  the  absorption  of  moistni-e, 
and  also  with  a  yellow  colouring  matter,  which  in 
some  kinds  of  cotton  is  so  marked  as  to  give  a 
distmctive  chai-acter  to  the  fabric  made  from  it,  as 
in  nankin  or  nanlceen,  which  is  manufactured  in 
China,  from  a  native  cotton  of  a  brown  yellow  hue. 
Neither  the  resinous  nor  the  colouring  matter  has 
any  iufiuence  on  the  strength  of  the  fibre,  for  the 
yarn  spun  from  it  is  as  strong  after  bleaching  as 
before.  In  some  varieties  of  cotton,  the  quantity  of 
colouring  matter  is  so  small,  that  the  fabric  would 
not  require  bleaching  were  it  not  for  the  impurities 
acquired  in  spinning  and  weaving.  The  weavers' 
dressing  of  paste,  and  the  rancid  tallow  or  butter 
used  to  soften  it  when  it  becomes  dry,  certain  soapy 
and  earthy  matters,  and  the  dirt  of  the  hands,  all 
requh-e  to  be  removed. 

As  soon  as  the  goods  are  received  at  the  bleach- 
works,  the  end  of  every  piece  is  marked  with  the 
proprietor's  name,  which  is  done  with  a  needle  and 
thread,  or  with  a  wooden  stamp  moistened  with 
coal  tar.  The  fibrous  down  or  nap  on  the  surface  of 
the  goods  is  then  burnt  off  by  a  process  called 
singeing,  which  greatly  unproves  their  appearance, 
and  in  the  ease  of  dyeing  or  printing  enables  the 
cloth  to  receive  the  dye  or  pattern  more  perfectly. 
In  tills  process  a  number  of  pieces  of  cloth  are  fas- 
tened together  at  the  ends  by  means  of  long  wii'es, 
and  then  wound  upon  a  roller  fui-nished  with  a  winch. 
The  cloth  is  then  drawn  over  a  half  eyhnder  of  copper 
made  red-hot  by  being  built  into  a  horizontal  flue 
(Fig.  138).  As  soon  as  the  cloth  has  passed  over  the 
heated  metal,  it  is  wound  upon  a  second  roller  which 
plays  in  a  trough  of  water.  The  cloth  is  usually  passed 
thi'ee  times  over  the  hot  sui'face,  twice  on  the  face 
or  the  side  intended  for  printing  on,  and  once  on  the 
back.  It  is  wound  from  one  roller  over  the  heated 
metal  to  another  roller  on  the  other  side  of  the 
furnace,  a  swing  frame  being  placed  for  raising  the 
cloth  at  any  moment  out  of  contact  with  the  heated 
metal,  and  water  is  at  hand  m  case  of  accident  to 
the  goods,   which  is   a  rare  occxirrence.     By  this 


operation  the  goods  become  browned  aud  i.liscoloui-ed.  equal  compartments  by  partitions  proceeding  from  the 
Gas  flames  arc  used  for  singeing  thread,  muslins,  and  axis  to  the  ckcumference,  each  of  which  hus  a  circular 
bobbin-net  lace.  The  flames  issue  from  numerous  opening  on  one  face  of  the  wheel.  (Fig.  130.)  'Water 
perforations  in  the  upper  surface  of  a  horizontal  tube,  is  admitted  into  the  compartments  by  a  pipe  concentric 
with  the  axis  on  wluch  the  wheel  lotates  The  pieces 
to  be  washed  aie  put  into  the  compartments  thiough 
the  cucular  openings  in  fiont,  and  watei  being  ad- 
nutted,  the  wheel  is  mide  to  lotate  rapidly,  aud  thus 
^v  ish  the  cloth  with  considerable  agitation  The 
object  of  this  washuig  is  to  icmove  as  much  of  the 
tint  and  wcaieis'  dicssiug  as  pobsible,  but,  as  the 
gi  ease  cannot  be  remo\  ed  except  by  making  it  soluble 
1  \  the  action  of  an  alkfli,  luie  is  cooiiomic-dly  eni- 
1 '  1  The  pieces  aie  thcufoie  boiled  with  lime  in 
^     cucidai  bodci,  oi  ken,  dillLd  a  biti.ling  or 

/    leir,      01     pttjT(-l,  Fig  KO 

ui  m  section  in  Tig 
IIU,  \vhile  ui  Pig  111  one 
of  these  kens  is  repie- 
bcnted  in  action,  and  an- 
othei  in  the  couise  of  |'i_  _ 
piepaiation       It  consists  ' 

of  a  pan  of  ■wrought  iiou, 
set  m  biick-nork,  on  Mhich 

file  acts, 


and  the  f  ibiie  to  1 
upon  loUeis  -nith  z 


:il    1    , 


of  the  goods  The  flame  is  di  \\\  n  up  through  the 
web  by  placing  uumcdiately  oi  ei  the  g  s  flame  a 
houzoni  vl  tube  w  itli  a  slit  m  its  \(m  ci  siuiaee  This 
tube  13  connected  with  a  fan  or  other  appaia*  as  foi 
withdrawii.g  the  an  fioni  it^  and  thds  inei(  asmg  the 
draught  of  the  flame 

Aftei  siugemg,  the  cloth  is  steeped  in    i  ci  I   iii 
of  \^atei,  and,  m  outer  to  ensme  coni  i 
watei,  each  piece  is  pidled  out,  fokk  I  1 
tied  up,  with  'i  uio''o  1-  W"  oil  111 


,  the 


J''l^^ 


the  ccntie  is 


4| 


by  a  f  dbc  bottom  of  cast  u 
m  lion  pipe  funiisltd  \uth  i 
liquoi  in  the  pin,  fiom  the  picssuic  ct  the  goods 
abo\e  it,  does  not  boil  untfl  it  is  some  degiees  abo\e 
tlie  bodmg  point ,  the  hquor  bods  fiist  in  that  part 
ot  the  pipe  ^heie  the  pressure  is  less  thin  it  is  m  the 
pan,  so  that  a  mixture  of  steam  and  \^atci  bcmc; 
foimcd  thcic,  lusheo  ui)  the  pipe,  and  is  icflccted 
back  by  the  cap  upon  the  goods,  thoioughly  dienching 
them  AMth  the  hot  alkdine  liquor  This  discharge  is 
loUowed  by  another  portion  of  the  lit  ited  alk.dnie 
hquoi,  which,  usmg  into  the  pipe,  bods  and  escapes 
at  the  top  as  "    ' 


bundle  After  soaking  12  or  li  houi", 
are  washed  m  a  dash  oi  wash  tehee!,  ^\hieh 
circular,  peipendicular'nhtel,  5  oi  0  feet  i 
and  nearly  2  it^  m  depth     It  is  duidc 


a  hoUow, 


nd  the  hquor,  £?i 
linds  its  way  b    ' 
heated  and  disci 
1  lb  of  hm( 


ods, 


d  into  foul     the  hme  is  foiinc 
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and  is  gi-aduaUy  spread  over  the  goods  as  they  are 
deposited  ill  layers  iii  tlie  kcir ;  the  rcf|iiisitc  quantity 
of  water  is  next  added,  and  li'  i'  :  i;  ■  .^  I.  Tlie  liquor 
is  ahout  two  houi's  in  hn  •  >  ;s  is  con- 

tinued for  about  seven  1.  -  ,.  l  .  <  ..  :  if  the  lime 
is  to  darken  the  colnmuig  ijiar.Li  oi  tliu  cotton,  so 
that  after  washhig  they  appear  darker  than  they  did 
before ;  but  all  the  dirt  and  grease  are  removed  by 
this  process.  The  goods  are  next  washed  in  the 
dash -wheels,  in  order  to  remove  the  adhering  lime, 
and  then  eomes  the  chemicHng,  or  steepmg  in  a  very 
dilute  solution  of  chloride  of  lime,  for  which  pui-pose 
they  are  placed  in  stone  vats,  over  the  centre  of 
which  is  a  perforated  trough,  into  which  the  bleaching 
solution  is  pumped  up  many  times  diu'mg  the  process, 
and  from  this  it  di-ains  dawn  upon  the  goods.  Every 
poimd  of  cloth  requires  about  half  a  pound  of  chloride 
of  lime,  of  a  certain  strength,  mixed  ■n'itli  about  three 
gallons  of  water.  The  steeping  is  continued  sis  hours, 
alter  which  the  cloth  is  of  a  light  grey  colour,  not 
white,  but  considerably  improved  in  appearance. 
Care  must  be  taken  to  make  the  steep  of  the  proper 
strength,  for  if  too  strong,  the  calico  will  run  into 
holes. 

In  the  next  process,  which  is  called  souring,  the 
goods  arc  steeped  for  four  hours  in  water  soured  by 
sidphuric  acid,  when  a  minute  disengagement  of 
cUorme  takes  place  throughout  the  substance  of  the 
cloth,  and  it  mimediately  assumes  a  bleached  appear- 
ance. The  acid  also  removes  a  small  portion  of  oxide 
of  iron  contained  in  the  fibre,  and  also  the  hme  of  the 
previous  processes.  flTien  removed  from  the  acid, 
the  goods  arc  again  washed :  they  are  greatly  im- 
proved in  appearaucc,  but  stUl  not  quite  bleached. 
They  are  therefore  boded  for  eight  or  nine  hoiu-s  in 
a  potash  or  soda  ley ;  then  washed  at  the  dash-wheel ; 
again  steeped  for  live  or  six  hours  in  a  solution  of 
bleaching-powder,  two-thirds  of  the  strength  of  the 
first  solution ;  then  soured  as  before  for  two,  three, 
or  foui-  hours,  according  to  the  quality  of  the  goods, 
and  at  length  they  are  perfectly  bleached.  Every 
trace  of  acid  is  removed  by  careful  washing,  for  if 
any  acid  were  left  in  the  cloth,  it  would  corrode  it, 
especially  when  heated.  The  acid  favours  the  bleach- 
ing action,  and  does  not  injure  the  fibre  of  the  cloth, 
although  the  steeping  is  continued  for  days,  provided 
the  cloth  is  not  allowed  to  dry  with  the  acid  in  it, 
or  be  left  above  the  surface  of  the  liquor.  The  acid 
is  also  necessary  to  remove  the  caustic  alkali,  which 
adheres  with  great  pertinacity  to  the  goods.  The 
goods  lose  weight  in  being  bleached.  Fine  calico 
loses  nearly  10  per  cent. ;  but  of  tliis,  one-half  is  the 
weavers'  dressing.  In  coarse  goods  the  loss  is  greater. 
For  the  processes  subsequent  to  bleaching  we  must 
refer  to  the  article  Caxekdekixg. 

The  above  details  refer  chiefly  to  cotton  shirting, 
and  the  better  descriptions  of  calico  used  for  printing 
on.  The  processes  are  modified  for  different  varieties 
of  cotton  goods.  It  is  also  often  necessary  to  expe- 
dite the  various  processes.  As  an  example  of  the 
rapidity  of  bleaching  by  the  new  method,  compared 
with  the  old,  we  may  mention  one  case  in  wliicli  a 


Lancashire  bleacher  received  1,400  pieces  of  grey 
muslin  on  a  Tuesday,  and  on  the  Thursday  following 
they  were  returned  bleached  to  the  manufacturers,  at 
the  distance  of  sixteen  miles,  and  were  packed  up 
and  sent  off  on  the  same  day  to  a  foreign  market. 

In  bleaching  linen,  the  processes  are  similar  to 
tliose  already  given,  but  are  continued  longer  on 
account  of  the  firmer  hold  which  the  colouring 
matter  has  on  flax.  This  colouring  matter  does  not 
appear  to  be  chemically  combined  with  the  fibre  until 
the  plant  is  steeped  in  water,  in  the  process  of  retting 
[Flax].  Hence,  to  save  the  expense  of  bleaching, 
it  has  been  proposed  to  separate  the  woody  fibre  by 
drying  the  plant,  instead  of  steeping  it,  and  then  to 
beat  off  the  woody  parts  by  means  of  mallets.  The 
linen  can  then  be  bleached  by  a  snnple  washing  b\ 

In  all  these  processes  the  cflieicnt  bleaching  agent 
is  the  cldorine,  but  the  precise  method  in  wliich  it 
acts  is  not  well  understood.  Perfectly  dry  clilorine 
does  not  bleach  at  all ;  but  when  dissolved  in  water, 
its  bleaching  power  seems  to  arise  from  its  decom- 
posmg  a  portion  of  the  water,  the  oxygen  of  wliich 
unites  with  the  colourmg  matter,  and  renders  it 
soluble  in  water  or  a  weak  acid  solution.  The 
bleachuig  power  of  dew  and  of  rain-water  is  referred 
to  the  excess  of  free  oxygen  which  they  contain. 
But  according  to  another  view,  the  organic  colouring 
matters  being  compounds  of  carbon,  hydrogen,  oxy- 
gen, and  sometimes  nitrogen,  the  chlorine  acts  directly 
upon  them  with  decomposition,  uniting  with  the 
liydrogen  to  form  hydrocldorie  acid,  and  setting  the 
other  eomponcuts  free,  or  rendering  them  soluble. 
For  example,  writing-ink  is  a  compound  of  sesqui- 
oxide  of  iron  and  an  organic  substance  named  tannin. 
The  chlorine  will  combine  with  the  tannin  or  one  of 
its  elements,  and  cause  the  written  characters  to  dis- 
appear. If  tlie  paper  be  now  moistened  with  a  sohi- 
tion  of  prussiate  of  potash,  it  -will  mute  with  the 
sesquioxide  of  iron,  and  the  characters  will  reappear. 
If,  however,  after  the  tannin  has  been  removed  by 
the  cldorine,  the  paper  be  washed  over  several  times 
with  very  dilute  hydrocldorie  acid,  the  writing  vdVi. 
be  completely  destroyed.  Chlorme  has  no  action  on 
Indian  ink  or  on  printer's  ink,  because  the  colouruig 
matter  in  these  cases  is  mmutely  divided  carbon, 
which  does  not  combine  directly  with  chlorine. 

Bleaching  powder  varies  greatly  in  strength,  and 
it  is  of  importance  to  the  manufacturer  to  be  able  to 
determine  its  value,  or  flic  quantity  of  chlorine  con- 
tained in  a  given  sample.  Many  methods  have  been 
recommended  for  this  purpose.  Professor  Graham's 
method  is  simple  in  practice,  and  depends  on  the 
effect  of  the  cldorine  of  the  bleaching-po^vdcr  in  per- 
oxidiziug  a  proto-salt  of  iron,  of  whii h  l« o  rqui\  akuts 
require  one  of  chlorine.  The  chloiiuc  acts  by  eh  com- 
posing water,  and  liberating  a  correspomling  quantity 
of  oxygen.  78  grains  of  green  sulphate  of  iron  are 
dissolved  in  about  2  ounces  of  water,  and  acidulated 
by  a  few  drops  of  sulphuiic  or  hydrochloric  acid. 
This  quantity  wiU  require  for  peroxidation  exactly 
10  grains  of  chlorine.     50  grains  of  the  blcaclung- 
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powder  to  be  examined  are  next  rubbed  up  with  a 
little  tepid  water,  and  transferred  to  an  alkalimeter, 
[sec  AIkalimetry],  wliich  is  filled  up  to  zero 
with  water,  and  the  contents  well  mixed  by  agita- 
tion. "  The  solution  of  chloride  of  lime  bemg  thus 
made  up  to  100  measui-es,  is  poured  gradually  into 
the  solution  of  sulphate  of  ii-on,  till  the  latter  is 
completely  peroxidized,  and  the  number  of  measures 
of  clJoride  required  to  produce  that  effect  observed. 
The  cliangc  in  the  degree  of  oxidation  of  the  ii-on 
solution  is  discovered  by  means  of  red  prussiate  of 
potash,  wliieh  gives  a  precipitate  of  prussian  blue 
with  a  salt  of  the  protoxide  of  iron  only,  and  not  with 
a  salt  of  the  peroxide.  By  means  of  a  glass  stin-er, 
a  white  stoneware  plate  is  spotted  over  with  small 
drops  of  the  prussiate.  A  drop  of  the  iron  solution 
is  mixed  vdth  one  of  these  after  every  addition  of 
cliloride  of  lime,  and  the  additions  continued  so  long 
as  a  deep  blue  precipitate  is  produced.  The  liquid 
may  contijiue  to  be  coloured  green  by  the  iron  salt, 
but  that  is  of  no  moment.  The  richer  the  specimen 
of  chloride  of  lime  is  in  chlorine,  the  fewer  measures 
of  its  solution  are  required  to  peroxidize  the  iron, 
the  niunber  of  measures  containing  10  grains  of 
chlorine  always  producing  that  effect.  The  quantity 
of  chlorine  in  the  50  grains  of  bleaching-powder  is 
now  known,  bemg  ascertained  by  the  proportion,  as 
the  number  of  measures  poured  out  of  the  alkalimeter 
is  to  10  grains  of  chlorine,  so  100  is  to  the  total 
grains  of  clJorine.  In  a  particular  experiment,  the 
78  grains  of  sulphate  of  iron  required  72  measures  of 
the  bleaching  solution.  Hence,  as  72  is  to  10,  so 
100  is  to  13.89  chlorine  in  50  grauis  of  the  chloride 
of  lime.  The  quantity  of  clJorine  in  100  grains  of 
the  eldoride,  or  the  per  centage  of  chlorine,  is  obtained 
by  doubling  that  number,  and  was  therefore  in  this 
instance  27-78  per  cent,  or  2S  per  cent."  ' 

According  to  Professor  Brande,  "  the  best  samples 
of  commercial  cliloride  of  lime  contain  on  the  average 
not  more  than  30  per  cent,  of  clJorme,  and  when 
chlorine  is  passed  over  hydrate  of  lime,  in  an  experi- 
ment upon  the  small  scale,  it  cannot  be  made  to 
absorb  more  than  about  40  per  cent.;  but  if  the 
liydrate  of  lune  be  diffused  through  water,  it  will 
then  absorb  more  than  its  own  weight  of  chlorine, 
and  we  form  a  solution  containing  one  equivalent  of 
lime  (or  of  hydrate  of  Ume)  and  one  of  eldorme, 
wliich  is  the  true  atomic  compound,  and  is  dissolved 
out  of  bleaehing-powder  by  the  action  of  water."  ' 

The  bleaching  of  wool  is  performed  by  a  process 
called  sulphuring,  in  a  close  apartment  in  which 
sulphui-  is  burning.  The  goods  are  hung  on  poles, 
so  disposed  that  the  sulphurous  acid  can  readily 
penetrate  them.  T\Tien  the  chamber  is  fiUed,  a 
quantity  of  sulphur  is  placed  in  ilat  broad  dishes, 
and,  being  ignited,  it  is  allowed  lo  burn  away  gradu- 
ally, and  in  the  course  of  some  hours  the  eolourmg 
matter  is  destroyed.  In  bleaching  moussclins  de 
laincs  (which  are  formed  of  cotton  and  wool),  the 
goods  are  usually  passed  two  or  three  times  through 
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a  solution  of  soap  and  soda  at  about  the  temperature 
of  130°,  and  then  sulphured  for  several  hours.  After 
this  they  are  passed  through  a  vei-y  weak  solution  of 
caustic  soda,  dried,  and  usually  impregnated  with  a 
dilate  solution  of  tin,  which  imparts  considerable 
bi-illianey  to  the  colours  afterwards  applied  to  the 

Other  varieties  of  bleaching  will  be  noticed  luulcr 
the  articles.  Paper,  Silk,  Wax,  &c. 

BLENDE.  The  native  sulphui-et  of  zinc,  called 
by  tlie  miners  black-jack.     [See  Zinc] 

BLOCK.  A  block  is  a  puUey  or  sheave,  revolving 
on  a  fixed  axis  or  pin  within  a  chamber  or  mortice, 
cut  out  of  a  solid  block  of  elm,  ash,  or  other  tough 
wood,  wliich  is  e;dled  the  shell.  The  sheave  is  a 
circular  piece  of  wood,  usually  lignum  vita;,  but 
sometunes  of  brass  or  cast  metal,  with  a  groove  on 
the  edge  for  the  reception  of  the  rope.  In  the  best 
blocks,  called  coaked  sheaves,  the  sheave  has  a  brass 
bush  fitted  in  the  centre,  with  a  hole  through  it  for  the 
pin,  as  in  Fig.  1-12.     The  pin  is  usually  of  iron,  but 

by  passing  through  the  sides  of  ^^^^^^^^y 
the  shell.    Some  blocks  are  made  Fig.\\2. 

to  accommodate  2,  3,  and  even  4  sheaves,  in  whien 
ease  there  are  as  many  separate  mortices.  If  the 
sheaves  are  placed  side  by  side  the  same  pin  serves, 
but  if  placed  one  above  the  other,  then  of  course 
there  are  separate  pins.  In  nautical  language  the 
block  with  its  rope  is  callod  a  tackle  of  single  or 
double  blocks.  Each  block  is  furnished  with  a  baud 
or  strap,  terminating  in  an  eye  of  rope  or  an  iron 
hook,  for  attaching  it  to  an  object  on  which  it  is 
intended  to  act  as  a  mechanical  power,  whUe  another 
block  is  suspended  from  some  fixed  support.  The 
former  is  called  a  riimilng  block,  and  the  latter  a 
standing  block.  The  shells  of  very  large  blocks  are 
made  up  of  separate  pieces  strongly  bolted  together  ; 
these  are  termed  viude  blocks.  Blocks  are  also 
termed  thick  or  thin,  according  as  they  are  adapted 
to  tlie  reception  of  large  or  small  ropes. 

Blocks  are  chiefly  employed  in  the  rigging  of  ships, 
to  assist  in  raisuig  or  lowering  the  masts,  yards,  and 
sails.  They  are  also  available  as  a  mechanical  power 
luider  a  great  variety  of  circumstances.  There  is  a 
description  of  block  without  sheaves,  termed  dead- 
eyes,  used  for  setting  up  and  fastening  shrouds,  and 
other  standing  rigging,  sheaved  blocks  being  chiefly 
used  for  the  nuuiing  rigging. 

It  would  be  quite  impossible  within  the  limits  of 
this  article,  even  if  it  were  desirable,  to  describe  the 
vaiious  forms  of  blocks  used  in  the  navy.  A  few, 
however,  may  be  noticed.  Fig.  1-13  is  called  a  snatch- 
block.  It  consists  of  a 
single  sheave,  with  a  notch 
cut  through  one  of  the 
cheeks,  to  allow  the  rojie  , 
tobeUfted  in  ami  <mt  r[  :■ 
the  block  without  ]iulfini,'  '  ■ 
its  end  in  first.  lu  tin,  i  \  imple,  the 
surround  the  block,  but  is  put  Ihiuu-i 
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end.     Tins   is   a  convenient    block    for  liiiuling  a 

lu  Fig.  14-1  the  block  is  iron-bound,  terminating 
,t  the  notched  end  in  a  swivel 
hook  or  an  eye-bolt  laige  enough  i 

!  several  turns  of  lasn- 
iiig,  by  which  the  block  is  at- 
tached to  the   fixed    support,  i 
f .  .  I-;;.  That  part  of  the  strap  over  the  | 

notch  in  the  side  lilts  up  with  a  lunge,  and  is  con- 
fined down  when  the  rope  is  in  the  block  by  a  small 
pin  passed  thi-ough  an  eye  in  the  hinge  part  of  the 
strap.  The  strap  at  the  other  part  of  the  block  is 
let  into  the  wood,  and  is  kept  to  its  place  by  nails. 
This  block  is  used  where  a  warp  or  hawser  is  brought 
to  the  capstan. 

Fi~.  115   is   s    ':  -^   .'-'■'•    block,  consisting   of 

:-.To  single  sheaves,  one 

.:  ve  the  other  in  the 
ame  block.  The  lower 
one  is  |  the  size  of 
the  upper ;  and  is  used 
m  single  block  to  form 
long  tackle  for  loading  or  any  o+ier  ptirchase. 

fig.  146  is  a  clue  garnet  block  with  a  single 
sheave.  This  is  sus- 
pended from  the  yards 
by  a  strap  with  two  eyes, 
a  lashing  sniround- 
'  ing  the  yard,  and  passing 
thi-ough  the  eyes.  These 
blocks  receive  the  clue 

-  niets,  or  ropes  which  haul  up  the  clues  of  the 

-  :',  and  are  applied  to  the  main  and  fore-yards. 
Chie-line  blocks  serve  the  same  purpose,  but  are 
a;iplied  to  the  top-sails,  top-gallant,  and  sprit-sails. 
These  blocks  were  improved  by  Brunei.  In  the  old 
form  the  rope  had  a  tendency  to  get  entangled  with 
the  sail,  and  to  slip  out  of  the  groove  of  the  sheave. 
In  the  improved  block  two  holes  are  made  for  the 
purpose  of  passing  the  rope  in  and  out.  The  sheave 
is  in  the  centre  of  the  block,  so  as  to  be  entirely 
included,  except  the  mortice,  where  the  sheave  is  j 
put  in.  The  strap  surrounds  the  lower  part  of  the  ' 
block,  and  both  ends  of  it  pass  through  the  hole  in 
the  upper  part,  where  they  cross  each  other ;  they  [ 
are  then  formed  into  an  eye,  by  which  the  block 
is  suspended  from  the  yard.  In  this  arrangement  i 
the  parts  cannot  get  out  of  place,  as  the  garnet  or 
:-.  pe  is  so  much  confined  within  the  block,   nor  i 

.!i  t)ie  sail  be  driven  into  the  block  as  in  the  old 

rig.  117  is  a  shouhhr  block.     A  huge  single  block 
left  nearly  square  at  the  upper 
ad  cut  sloping  in  the  di- 
L  of   the  sheave.      It  is 
m  the  lower  yard-arms  to 
Pij.  H-.  lead  in  the  top-sail  sheets,  and 

on  the  top-yards  to  lead  in  the  top-gallant  sheets, 
which  by  means  of  the  shoulder  are  kept  upright, 
and  prevented  from  jamming  between  the  block  and 
the  yard. 


Fig.  14S  is  a  spring  block,  invented  by  Mr  Hop- 
kinson  of  Philadelphia,  to  assist  a  vessel  in  sailing 
by  increasing  the  acting  spring  of  her  rigging.  This 
consists  of  a  common  block  with  a  ring  or  eye,  into 


which  a  spiral  spring  is  linked  at  one  end  by  a  hook, 
and  at  the  other  by  a  ring,  which  is  to  be  annexed 
to  an  eye-bolt  at  the  timber  head  or  other  point  of 
application.  Two  of  these  blocks  are  used,  one  to 
the  timber  heads,  and  the  other  to  the  sail.  Passing 
through  the  spirals  of  the  spring  chain  is  another 
chain  called  the  check  chain,  which  is  connected  by 
links  to  the  hook  and  to  the  ring,  to  prevent  the 
sprmg  being  drawn  out  too  far,  and  thus  damaged. 
Vessels  provided  with  these  spring  blocks  are  less 
liable  to  heel,  and  AviU  receive  the  impulse  of  the  wind 
to  better  advantage,  but  the  plan  does  not  seem  to 
have  been  adopted  to  any  great  extent. 

Among  the  forms  of  block  used  in  the  navy,  some 
are  named  after  their  shape,  as  D  blocks,  5^o«-blocks, 
Nine-pin  blocks.  Others  are  named  from  a  family 
likeness,  as  m^^r-blocks,  which  are  two  similar  single 
blocks  formed  out  of  one  solid  piece. 

Before  the  introduction  of  machinery  blocks  were 
made  in  the  following  manner: — The  sheUs  were 
sawed  to  the  proper  length  and  thickness;  the  comers 
were  then  sawed  off;  the  workman  then  gauged  or 
marked  out  the  size  of  the  mortice  or  sheave-hole  in 
the  middle,  -jLth  Larger  than  the  thickness  of  the 
sheave.  In  single  sheaved  blocks  the  thickness  was 
larger  than  the  diameter.  In  blocks  of  two  or  more 
sheaves  the  parritions  between  them  were  ^th  less 
than  each  mortice.  The  block  was  then  jammed  up 
edgewise  in  a  frame,  and  the  mortices  gouged  out  with 
an  auger,  and  the  wood  sawed  out  with  a  rib  saw. 
The  holes  were  further  cleared  out  by  chisels  and  by 
burrs  at  the  comers.  The  pin-hole  was  next  bored 
through  the  middle  f^jth  less  than. the  diameter  of 
the  pin.  The  outsides  and  edges  of  the  block  were 
then  rounded  off  by  shaves.  The  scores  or  grooves 
for  receiving  the  strap  were  made,  and  the  sheaves 
were  then  fitted.  These  were  ^th  thicker  than  the 
diameter  of  the  rope  intended  to  run  on  them,  and  5 
times  that  thickness  in  diameter.  The  sheave  being 
nicely  bored  was  put  into  the  lathe  and  tvimed 
smooth,  and  the  groove  on  its  circumference  was 
hoUowed  out  to  a  depth  equal  to  |d  of  its  thick- 
ness, so  that  the  rope  might  embrace  it  closely.  The 
diameter  of  the  pin  was  that  of  the  thickness  of  the 
sheave.  The  pin  was  turned  cylindrical,  except  the 
head,  which  was  left  octagonal  to  prevent  it  from 
tnming  in  the  block.  After  the  sheave  was  fitted  by 
driving  the  pin  through  the  block  and  sheave,  one 
end  of  the  block  was  hollowed  out  to  admit  the 
rope,  and  a  small  neat  chamfer  was  taken  off  the 
edges.  The  whole  b'ock  when  finished  usually 
formed  an  oval  spheroid  flattened  at  the  opposite 


Tue  inanufactva-e  of  au  article  apparently  so 
triilmg  as  that  of  a  skip's  block,  seems  scarcely  to 
requii-e  the  assistance  of  much  machinery,  or  to 
entail  any  very  great  expense  on  the  country ;  but 
when  it  is  considered  that  a  single  74-guii  ship  re- 
quii-es  not  less  than  1,270  blocks,  besides  IGO  dead 
eyes,  and  other  small  articles  of  a  similar  kind,  all 
absolutely  necessary  to  the  working  and  even  to  the 
safety  of  a  ship,  it  will  readily  be  supposed  how 
difficult  it  must  be  to  maintain  the  supply  if  made  by 
hand,  and  how  great  the  expense.  The  immense  do-  [ 
mand  for  blocks  dui-ing  the  long  protracted  war,  had  ; 
called  the  attention  of  the  Admkalty  and  Navy  Board 
to  the  possibility  of  making  some  reduction  in  the 
expense  of  this  important  article.  About  the  year 
ISOl,  Ml-.  M.  I.  Brunei,  an  iugemous  mechanic  from 
America,  had  completed  models  of  certain  machines 
for  the  constructiou,  by  an  improved  method,  of  the 
shells  and  sheaves  of  blocks.  This  model  was  sub- 
mitted to  the  Lords  of  the  Admu-alty,  and  by  them 
referred  to  General  Bentham,  the  Inspector-general 
of  Naval  Works.  The  advantages  of  machine-made 
blocks  were  stated  to  be,  Jirst,  in  ensuring  regular 
and  determined  dimensions ;  secondli/,  in  .adding 
strength  where  it  was  wanted,  by  making  the  head 
and  bottom  more  substantial,  and  less  liable  to  split ; 
and  thirdly,  in  leaving  the  wood  between  the  two 
mortices  thicker,  so  as  to  admit  a  sufficient  bearing 
for  the  pins.  The  uniformity  and  exactness  with 
which  these  blocks  were  to  be  made  would  also  make 
it  difficult  to  counterfeit  them,  and  lids  would  act  as  a 
precaution  against  embezzlement.  Another  great  ad- 
vantage would  be  the  using  up  of  much  waste  wood  in 
the  dockyard,  usually  sold  for  a  trifle  for  fire-wood,  &c. 
The  sheaves  would  also  bo  made  so  true  to  each 
other,  that  every  sheave  of  any  particular  size  would 
equally  fit  any  shell  of  the  size  for  which  it  was 
intended ;  and  the  inconvenience  to  which  ordinary 
blocks  arc  liable  from  the  friction  of  the  ropes  against 
one  or  alternately  both  of  the  sides  of  the  mortices, 
was  to  be  removed  by  placing  a  sheet  of  metal  on 
the  upper  part  of  the  mortice,  bent  to  the  proper 
shape  by  an  engine  adapted  to  the  pur-pose. 

General  Bentham  reported  that  by  the  new  method 
there  would  not  only  be  a  great  saving,  but  also  an 
increase  of  strength,  durability,  and  facility  of 
working  in  the  new  blocks.  Accordingly,  those 
parts  of  the  machinery  which  had  been  secured  by 
patent  were  removed  to  Portsmouth  in  1S04,  and 
were  put  in  operation,  while  other  machines  necessary 
to  the  completion  of  the  whole  scheme  were  at  work 
by  1808.  From  that  time  to  the  present  the  whole 
has  gone  on  without  any  alteration  or  assistance  from 
the  inventor,  and  is  so  complete  in  all  its  parts  that 
the  attendance  of  a  few  common  laboui-ers  under  the 
dii-cction  of  the  master  of  the  wood-niiUs  is  qmte 
sufficient.  This  collection  of  machines  is  one  of  the 
most  ingenious  and  complete  that  was  ever  invented 
for  forming  articles  in  wood ;  so  that  not  only  blocks, 
but  other  articles  in  wood  can  be  produced,  the 
machines  performing  most  of  the  practical  operations 
of  carpentry  with  the  utmost  accuracy  and  despatch. 
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The  largest  timber  can  be  converted  and  sawed  up 
into  any  scantling,  by  several  circular  and  recipro- 
cating saws  adapted  to  various  pui'poses.  Some  oi 
the  operations  performed  by  the  smaller  machines 
are  boring,  mortising,  tui-ning  in  wood  and  ii-on, 
riveting,  di-iUing,  broaching,  biu-nishiug  iron  pins,  &c., 
operations  which  were  formerly  supposed  to  be 
chiefly  or  entirely  dependent  on  the  skill  and  dex- 
terity of  the  workman.  These  machines  are  set 
in  motion  by  a  steam  engine  of  32-horse  power, 
which  is  also  used  for  various  other  pm-poses  in  the 
dockyard.  Under  this  system  4  men  can  do  the 
work  of  50  in  making  shells,  aud  0  men  can  do  the 
work  of  60  in  making  sheaves.  These  10  men  thus 
displacing  110  can  easily  finish  in  one  year  130,000 
to  140,000  blocks  of  dilfercnt  sorts  and  sizes,  of  the 
value  of  50,000/.,  this  being  the  average  annual 
munbcr  and  value  from  the  year  1808  to  the  con- 
clusion of  the  war.  Biimel  was  engaged  in  com- 
pleting this  system  from  September  1S02  to  June 
1808,  his  aUowanco  during  that  time  being  1  guinea 
a  day.  On  the  completion  of  the  system  it  was 
agreed  that  the  savings  of  one  year  as  compared  with 
the  contract  prices  was  a  fair  remuneration.  These 
savings  were  estimated  at  1C,G21;.,  to  which  we  may 
add  the  sis  years'  allowance  at  1  guinea  per  day, 
amounting  to  2,100/.,  and  for  the  working  model 
1,000/.,  making  the  total  amount  received  by  Brunei 
about  20,000/.,  a  very  fair  and  moderate  remune- 
ration, especially  when  it  is  considered  that  the 
expenses  of  the  buildings  for  the  new  machmery,  the 
machinery  itself,  the  steam-enguie,  the  interest  of 
money,  were  all  completely  cleared  off  by  the  savings 
of  foiu-  years.  Such  was  the  importance  attached  by 
the  government  to  this  invention,  that  a  complete 
set  of  duplicate  machinery  was  erected  in  the  Deck 
Yard  at  Chatham,  and  kept  in  constant  readiness  for 
action  in  case  of  any  accident  to  the  machinery  at 
Tortsmouth.  Hitherto,  however,  the  duplicate  ma- 
chinery has  not  been  wanted. 

The  machinery  was  constructed  by  Mr.  Maudslay, 
of  the  Westminster-road,  London.  The  framing  of 
the  machinery  was  of  cast-iron,  and  those  parts  ex- 
posed to  violent  and  rapid  motion  were  of  hardened 
steel.  The  wi-iter  of  the  article  in  Hecs's  Cyclopfedia, 
in  which  this  machinery  is  minutely  described,  in 
speaking  of  its  excellent  constructiou,  remarks,  that 
"well-constructed  machinery,  though  expensive  in 
the  erection,  is  cheaper  in  the  end  than  imperfect 
works,  which  require  constant  repair,  the  expense  of 
which  is  the  least  evil ;  as  it  generally  happens  that 
a  machine  will  fail  at  that  time  when  it  is  most 
wanted,  in  consequence  of  being  then  most  worked ; 
and  the  loss  occasioned  by  the  stoppage  of  great 
works,  particularly  where  many  people  are  employed, 
is  too  evident  to  require  notice.  In  tiie  same  manner, 
an  attention  to  neatness  in  the  appearance  of  ma- 
cliineiy  has  its  advantages,  by  inducing  the  workmen 
to  be  careful  of  the  machines  they  work  at,  to  pre- 
serve them  from  the  slightest  injury,  and  to  keep 
them  clean  from  dust,  which,  trifling  as  it  may 
appear,  is  a  very  essential  point  in  the  preservation 
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of  those  parts  which  are  iu  rapid  motion,  with  friction 
against  other  parts,  for  dust  getting  between  such 
surfaces  grinds  them  away  very  fast,  and  in  their 
most  essential  points." 

We  will  now  notice  the  machines,  and  the  opera- 
tions connected  therewith,  referring  to  larger  works 
for  a  more  detailed  description.' 

1.  The  straight  cross-cutting  saw.  This  is  used  for 
cutting  up  into  lengths  the  elm-trees,  of  which  the 
shells  of  the  blocks  are  to  be  made.  The  log  is 
introduced  through  one  of  the  windows  of  the  wood- 
mill  upon  a  very  low  bench  below  the  saw,  which  is 
lowered,  and  made  to  rest  with  its  teeth  upon  the 
log,  the  back  being  retained  in  the  cleft  of  the  guide. 
When  the  crank  is  set  in  motion,  the  saw  moves 
backwards  and  forwards,  exactly  as  if  worked  by 
hand,  and  quickly  cuts  through  the  tree.  After  the 
saw  has  cut  to  some  depth  it  gets  out  of  the  guide, 
and  is  sufficiently  deep  in  the  wood  to  guide  itself, 
for  in  cutting  across  the  grain  of  the  wood  it  has  no 
tendency  to  move  out  of  the  tnie  liue.  When  the 
saw  has  cut  off  a  piece  from  the  log,  its  handle  is 
caught  by  a  fi.Kcd  stop,  the  machine  is  thrown  out  of 
gear,  a  man  lifts  up  the  saw  by  a  rope,  and  the  block 
is  advanced  to  receive  a  fresh  cut.  This  saw  is  used 
for  the  largest  trees  only. 

2.  The  circular  cross-cutting  saw,  used  for  the  smaller 
trees.  The  axis  of  this  saw  is  parallel  to  the  length 
of  the  tree  to  be  cut ;  but  is  so  mounted  that  it 
can  be  moved  in  aU  directions,  either  raised  up  or 
moved  aside  ;  but  in  all  these  motions  its  axis  con- 
tinues parallel  to  itself,  and  the  saw  contmues  in  the 
same  plane.  These  motions  are  produced  by  two 
winches,  each  provided  with  a  pair  of  equal  pinions, 
working  a  pair  of  racks  fixed  upon  two  long  polos. 
The  spindles  of  these  winches  are  fixed  in  two  vertical 
posts,  which  support  the  axis  of  the  upper  frame. 
One  of  these  paii-s  of  poles  is  jointed  to  the  extreme 
cud  of  the  upper  frame,  so  that  by  turning  the  handle 
belonging  to  them  the  frame  and  saw  are  raised  or 
lowered.  The  other  pair  of  poles  is  attached  to  the 
lower  part  of  the  saw  frame,  so  that  the  saw  can  be 
moved  sidewise  by  means  of  their  handles,  which 
then  swing  the  saw  from  its  vertical  position.  These 
handles  give  the  workman  complete  conmiand  of  the 
saw.  By  means  of  one  of  them  he  draws  the  saw 
against  one  side  of  the  tree,  which  is  properly  secured, 
and  cuts  it  about  half  or  one-third  through ;  by  the 
other  handle  he  raises  the  saw  up,  di-aws  it  against 
the  top  of  the  tree,  and  cuts  it  half  througli  from 
the  upper  side;  he  then  depresses  the  saw,  and 
cuts  it  half  tlu-ough  from  the  next  side ;  and  lastly, 
a  trifling  cut  at  the  lower  side  separates  the  block, 
and  the  tree  i>  Il;rii  nrl',  .iir^  ,1  !V>|-  another  cut. 

S.  The  rrn,     ,    ■  -  cuts  these  blocks 

in  the  dircc'lii'ii  ■  i    \\  i  1  wo,  three,  or  more 

pieces,  in  one  di)v(li,.ii,  ,iii,l  i|,iu  iu  a  direction  per- 
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pendicular  to  the  former,  so  as  to  reduce  the  logs 
to  the  size  of  the  required  blocks.  The  action  of 
this  saw  is  similar  to  that  of  No.  1. 

4.  The  circular  ripping-saw,  for  smaller  sizes  than 
No.  3.  Tliis  is  a  thin  disc  of  steel,  with  teeth  formed 
in  its  periphery :  it  is  fixed  to  a  horizontal  axis  just 
below  the  surface  of  a  bench,  so  that  a  portion  of  the 
saw  projects  through  a  slit  a  few  inches  above  the 
bench.  A  rapid  rotatory  motion  is  given  to  it  by  a 
strap  passing  over  a  pulley  at  the  further  end  of  the 
axis.  The  workman  places  the  block  with  one  side 
flat  upon  the  bench,  and  sliding  it  forward  against 
the  saw,  it  is  cut  through  with  great  precision  and 
rapidity. 

5.  The  blocks  having  been  cut  to  the  proper  size 
by  the  saws,  arc  placed  in  the  boring-machine.  Fig. 
149.     This  machine  has  an  iron  frame  a.  a,  witli  thi-ee 


legs,  between  \\iiuli  llic  block  is  introduced,  and  the 
screw  B  bcnig  foiccd  down  upon  it,  confines  it  to  the 
proper  place  loi  the  boicis  d  e  to  act  upon  it.  The 
end  of  the  ii'i'\\  ii  li  is  i  <~fr(_l  ring  fitted  upon  it, 
the  lowLi  Mil  ,  I  \  1  ,  li  1,  1  ^li  up  edge.  When  the 
scle^^  lb  ^\Iiiil,  1  i  ii  1  11.  lulls  at  the  end  of  its 
ciobb  liuidli  (  in  1  i(  (d  u  t  as  a  fly-piess,  to  stanq) 
the  impression  on  tlie  eud  ol  the  block.  The  exact 
position  of  the  block  is  asceitained  by  a  piece  of 
metal,  (Fig.  150,)  fixed  just  beneath  the  point  of  tlie 
borer  e.  This  piece  of  metal  adjusts 
the  position  for  the  borer  r,  and  its 
height  is  regulated  by  resting  on  the 
head  of  the  screw  x,  which  fastens 
the  piece  x  down  to  the  frame.  The 
sides  of  the  block  are  kept  parallel  by 
being  applied  against  the  heads  of 
three  screws,  represented  by  dot  fed 
liues,  in  the  double  leg  of  a.  The 
borer  D  bores  the  hole  for  the  centre- 
pin  ;  the  borer  e  makes  the  holes  for 
the    commencement   of   the    slicave- 

holes.    The  borers  arc  r!' I 'h' ' : I   -m 

ter's  centre-bit,  and  ck  '   :        ■ 

a  small  mandril  mom:'.   ' 

These  frames  are  fit t^i  \\    h    'i  !,i,,  iij.ai  the  edges 

of  the  flat  bars  i I;  the  fuiincr  being  secm-ed  to  the 
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frame,  and  the  latter  being  fixed  upon  a  frame  of  its  ■  stops  against  the  cuds  of  these  screws,  to  limit  (he 
own,  moving  on  the  centre  screws  ll,  beneath  the  ,  exclusion  of  the  boiei  The  frames  foi  both  boicrs 
prmcipal  frame  of  the  machijie.  In  this  way  the  are  brouglit  up  tonirds  tlie  block  bj  the  Ic-iLis  m  ^, 
borer  e  can  be  moved  within  certain  limits,  so  as  to  i  which  aie  ccntiod  on  a  pm  at  the  opposite  sides  of 
bore  holes  in  different  positions,  and  these  limits  are  the  frame  of  the  ni  ichinc,  and  have  oblou;;  groo\cs 
Jctermined  by  two  screws,  one  at  a,  and  the  othei  tluough  them,  which  receive  screw  puis  fi\ed  into 
on  the  opposite  side.  A  projecting  piece  of  metal  the  fiaines  a  and  n  bencifh  the  puUcys  r  r,  -nhich 
frcm  the  under  side  of  the  slider  i  of  the  borer  e     tjnc  motion  to  the  s]  mdh 


The  block  being  applied  with  one  of  its 
the  three  screws  in  the  double  leg,  and  rcstm:^  on  me 
screw  X,  is  thrust  up  against  the  stop  x,  I'ig.  150. 
The  screw  b  is  then  brought  dovra,  which  holds  it 
fast,  and  the  workman  takes  the  bandies  m  n,  and 
forces  them  towards  the  block.  This  brings  tlie 
borers  against  it ;  and,  as  they  are  in  rapid  motion, 


ist  they  will  bore  as  fast  as  they  can  be  brouglit  up  to 
'  '  the  work.  Tliis  is  the  method  of  boring  a  single 
sheave  block,  when  the  screw-stops  at  a  are  screwed 
so  far  as  to  confine  the  frame  k  m  a.  vertical  position, 
and  then  its  borer  makes  a  hole  through  the  centre 
of  the  block.  For  a  double  block  the  screws  are 
withdi-awn  so  far  that  when  the  frame  is  held  against 
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one  screw  its  borer  will  be  in  the  proper  place 
one  hole ;  and  wbeu  inclined  t,o  tlie  other  sere 
vrill  be  in  the  proper  place  for  the  other  hole ;  and 
this  distance  between  the  holes  can  of  conrs 
increased  or  diminished  as  required  to  suit  tliick  or 
thin  blocks.  The  borers  can  be  unscrewed  near  the 
cuds  of  their  spindles  at  h,  to  put  on  one  of  a  larger 
or  smaller  size.  Tlie  points  of  the  screw-centres  at 
L,  on  which  the  frame  of  the  borer  e  vibrates,  can  be 
put  into  different  holes  in  the  frame,  so  as  to  alter 
the  difference  of  level  between  the  two  borers,  to 
suit  blocks  of  different  sizes;  and  the  screw  x  is 
changed  for  one  with  a  thicker  head,  or  a  washer  is 
put  upon  its  head.  The  stop  x  can  be  altered  in 
position,  by  sliding  it  fm-ther  from  or  nearer  to  tlie 
frame. 

0.  The  block  thus  prepared  by  the  boring  machine 
is  (akcn  to  the  mortising  machine.  Fig.  151.  Tliis 
iiiacliino  is  moved  by  an  endless  band  passing  round 
a  drum  at  a,  screwed  to  a  fly-wheel  B.  This  druin 
(urns  an  axis  d,  at  the  extreme  end  of  which  is  a 
crank,  with  a  long  rod  extending  from  it  up  to  a  joint 
at  a,  by  which  it  is  connected  with  a  frame  e,  fitted 
between  sliders  b  d,  and  guided  by  a  cylhidi-ical  rod 
K,  sliding  through  a  fixed  collar.  In  this  way  the 
frame  is  moved  up  and  down  when  the  axis  d  revolves. 
To  this  frame  the  chisels  are  attached,  and  operate 
upon  the  block  fixed  at  o  in  a  can-iage  u,  sliding 
horizonfaliy  in   the   frame   of  the   machine.      At  e 


3  thiei 


3  of  t 


s  tll6 


of  the  boring-maehinc,  each  furnished  with  a  similar 
ring  at  the  end.  This  ring  enters  the  impression 
made  by  the  boring-machine,  so  as  to  fix  the  block  in 
its  proper  position  when  the  screw  is  turned.  This 
forces  the  other  end  of  the  block  against  the  cross-bar 
of  the  carriage,  which  has  three  steel  circles  fixed  to 
it  opposite  the  end  of  the  screw  e.  Each  of  these 
rings  includes  two  smaller  rings  with  a  sharp  edge, 
and  tiie  pressure  of  tlie  screw  e  forces  the  block 
against  these  rmgs,  and  prints  their  figure  in  the 
wood.  By  this  contrivance  the  block  is  held  cpiite 
fast  in  the  carriage  wlule  being  mortised.  Behind  the 
carriage  is  a  large  double-wormed  screw  b,  and  this  is 
received  through  a  nut  tm-uing  round  in  a  fixed  collar, 
supported  by  a  bar  across  the  frame.  To  this  nut  two 
wheels  g  h  are  fixed :  the  former  is  a  large  ratelict- 
whecl ;  the  latter  a  cog-wheel  with  a  smaller  one  gear- 
ing with  it,  and  fixed  to  the  end  of  a  long  axis  h  fur- 
nished with  a  winch  r.  Wlien  this  is  tui-ncd  round  by 
hand,  the  nut  of  the  screw  is  also  turned,  and  the 
carriage  is  moved  slowly  backwards  or  forwards.  In 
this  way  the  carriage  is  adjusted  to  the  proper  point  for 
beginning  the  work.  The  gradual  advance  of  the  block 
to  each  cut  of  the  chisel  is  produced  by  tm-ning  the 
ratchet-wheel  g  by  the  following  contrivance.  The 
axis  D  has  an  eccentric  circle  i  fixed  upon  it,  which 
as  it  revolves  acts  upon  a  roller  k  fixed  in  one  arm  of 
a  bent  lever;  the  other  end  of  this  arm  has  a  rod  m 
jointed  to  it,  with  a  tooth  in  the  middle,  which  en- 
gages the  teeth  of  the  ratchet-wheel,  and  turns  it 
round,  a  tooth  at  a  time,  as  the  rod  moves  backwards 
and  forwai-ds.     Tiie  extreme  end  of  this  rod  rests 


upon  a  lever  n  (except  when  being  drawn  over  the 
sloping  side  of  the  tooth  of  the  ratoliot-whecl),  the 
centre  of  which  is  a  I'll  '><  !  ii  tl.Miiical  column 
of  the  frame.  It  is  In  i  ^  '  .;  -  :;d  lever,  o,  sup- 
ported on  a  cock  scum,  a  m  iln  i;,iiiif.  The  oppo- 
site end  of  this  lever  is  made  so  heavy  tliat  its  weight 
is  suflioient  to  raise  up  n  and  m,  so  that  the  tooth  of 
the  latter  will  be  too  high  to  intercept  the  teeth  of 
tlio  ratchet-wheel  in  its  motion.  The  heavy  end  of 
the  lever  is  kept  up  by  a  piece  of  metal  fastened  to 
the  side  of  the  carriage,  at  p,  by  screws  passing 
through  oblong  grooves,  so  that  it  can  be  attached 
at  any  part  along  the  length  of  the  carriage.  By  this 
means,  when  the  carriage  has  advanced  as  far  a 
required,  the  loaded  end  of  the  lever  o  falls  off  the 
piece  p,  and  disengages  the  rod  m  from  the  ratclict- 
wheel.  The  fly-wheel  and  drum  which  tuni  the 
machine  are  fitted  on  a  cylindiical  part  of  the  a: 
so  as  to  move  freely  thereon  when  it  is  not  required  to 
work  the  machine.  A  conical  wheel  s,  with  a  hollow 
axis  or  tube  centre-piece,  is  fitted  upon  the  axis 
so  as  to  slide  freely  endwise,  but  is  confined  to  r 
volve  at  the  same  time  by  fillets  inserted  in  it.  The 
end  of  the  tube  of  the  wheel  s  is  formed  into  a 
cu-cular  groove,  which  is  embraced  by  a  forked  lever 
L,  centred  in  the  opposite  side  of  the  frame.  By 
moving:  the  end  of  l  towards  the  fly-wheel,  the 
corneal  wheel  s  is  thrust  forward,  and  jammed  into 
the  inside  of  the  diiun  A.  This  exactly  fits  the  wheel, 
and  the  friction  caused  by  the  contact  of  the  two 
conical  sm-faees  is  sulEcicnt  to  work  the  maehir 
But  when  the  lever  l  is  pulled  away  from  the  fly- 
wheel, the  conical  wheel  is  di-awn  out  from  the 
rigger,  and  the  fly-wheel  detached  from  the  axis,  so 
as  to  revolve  upon  it  freely  without  tm-ning  it. 

In  using  this  machine  the  block  is  applied  with  its 
screw  mark  to  the  end  of  one  of  the  screws  c.  If 
a  double  block  is  to  be  mortised,  as  m  Fig.  151,  the 
centre  screw  is  used;  but  if  2  single  sheaves  are 
to  be  fixed  in,  the  2  outer  screws  are  used.  By 
screwing  it  tight,  the  block  is  fixed  between  the 
double  circle  points  before  mentioned.  To  guide 
the  block  to  its  proper  position,  so  that  the  hole 
bored  for  the  commencement  of  the  sheave  hole  shall 
?rtical,  the  block  bemg  fixed,  the  handle  r  is 
turned  liU  the  hole  is  brought  beneath  the  sliding 
'  amc.  The  chisels  are  now  adjusted.  These  are 
ng  square  bars  of  steel  tt,  fastened  to  the  frame 
by  a  clamp.  The  back  of  each  chisel  has  a  small 
piece  of  steel  attached  for  thrusting  out  the  chips 
which  it  cuts,  to  prevent  the  hole  from  benig  clogged 
up.  It  has  also  two  small  cutters  or  scribcrs,  fixed 
perpendicular  to  its  edge,  and  projecting  rather  before 
it,  so  that  in  the  descent  of  the  chisel,  two  small  clefts 
are  cut  or  scribed,  which  include  the  width  of  the 
chip  to  be  cut  out  by  the  chisel  in  the  succeeding 
stroke.  By  this  means  the  mortice  has  its  sides 
perfectly  smooth.  The  back  of  the  chisel  is  rounded 
to  conform  to  the  hole  bored  in  the  boring  machine. 

The  clamp  to  which  the  chisels  are  attached  passes 
behind  the  cross-bar  of  the  frame,  and  the  chisels 
beuig  put  exactly  over  the  holes  which  are  to  become 


shcnve-lioles,  are  sci'ewcd  fast  by  meaus  of  clamps. 
TLe  macliiue  is  uow  put  iii  motion  by  depressing  the 
haudle  r,  wliieh  is  at  the  end  of  a  lever,  the  fulerum 
of  whieh  is  a  pin  fixed  in  the  column  of  the  frame  at 
s,  and  a  short  arm  gives  action  to  the  end  of  the 
lever  l,  so  as  to  put  the  machine  in  motion.  At  the 
first  descent  of  the  chisels,  they  cut  down  tln-ough 
the  whole  depth  of  tlsc  holes  previously  bored,  so  as 
to  give  them  a  flat  side  when  they  rise  up.  The 
eccentric  circle  I,  moving  the  bent  lever  and  rod  m, 
turns  the  ratchet  wheel  round  on  both  and  advances 
the  block  through  a  small  space  in  the  dii-ectioa  of 
the  fly-wheel,  so  that  the  chisels  in  descending  cut 
a  fresh  space,  and  in  ascending  the  block  advances. 
In  this  way  the  sheave-holes  are  rapidily  cut,  each 
chisel  making  from  110  to  150  strokes  per  minute, 
and  cutting  at  every  stroke  a  chip  as  thick  as  paste- 
board with  the  utmost  precision.  When  it  is  com- 
pleted, the  loaded  cud  of  tlie  lever  o  di'ops  off  the 
piece  p  previously  adjusted,  and  raises  the  rod  m,  so 
that  the  further  advance  of  the  block  is  prevented. 
The  attendant  then  raises  the  handle  p,  which  stops 
the  maehine.  The  finished  block  is  now  removed 
and  a  fresh  one  put  in :  the  handle  r  is  screwed  back 
to  bring  the  block  to  the  proper  point,  and  the 
machine  is  set  in  motion  as  before.  By  an  adjustment 
of  the  cross  bar  in  the  back  of  the  carriage,  the 
mortising  machine  is  adapted  to  blocks  of  different 
sizes,  and  the  frame  e  may  have  any  number  of 
chisels  fixed  to  it  corresponding  to  the  number  of 
mortices  required  to  be  cut. 

7.  The  comers  of  the  block  are  next  cut  off  by 
means  of  the  comer  saw,  Fig.  153,  which  consists  of 
a  mandrel  mounted  in  a  frame  a,  carrying  a  circular 
saw  L  on  its  extremity.     The  frame  of  tliis  m;ii 


is  screwed  down  upon  the  frame  bb,  which  is  sup- 
ported by  four  columns,  cc  td  is  an  inclined  bench 
or  trough,  in  which  a  block,  as  e,  is  laid,  being 
supported  on  its  edg?  by  the  plane  c,  and  its  end 
kept  up  to  its  position  by  the  other  part  of  tlic  bench 
n.  By  sKding  the  block  along  this  bench  it  is 
appUed  to  the  saw,  which  cuts  off  its  four  angles  in 
succession,  by  applying  its  different  sides  to  the 
trougli.  In  the  figure,  two  of  the  angles  have  been 
cut  off  and  the  third  is  just  marked  by  the  saw.  By 
laying  pieces  of  wood  of  different  thickness  against 
the,  plane  d,  so  as  to  fill  it  up,  the  block  is  kept 
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nearer  to  or  further  from  the  saw,  and  in  this  way 
different  sizes  of  blocks  can  be  cut. 

8.  The  blocks  thus  prepared  have  their-  outside 
surface  formed  to  their  true  figui-e  by  means  of  the 
shaping  machine,  Pig.  153,  the  principal  part  of  which 
is  the  chuck  which  holds  the  blocks.  This  consists 
of  two  equal  wheels,  a,  b,  mounted  on  the  same  axis, 
A  being  firmly  fixed,  whUe  b  slides  upon  it  so  as  to 
render  the  space  between  them  greater  or  less,  as 
may  be  required  for  blocks  of  different  lengths. 
This  is  effected  by  means  of  five  bolts  and  nuts,  the 
beads  of  the  nuts  being  shown  at  .r.  Both  wheels 
are  divided  into  10  equal  parts.  At  each  of  these 
on  A,  a  short  axis  or  mandrel  is  fitted  through  a 
projecting  part  of  the  rim  of  the  wheel.  On  the 
outside  of  the  wheel  each  of  these  mandrels  has  a 
small  wheel  a  fixed  upon  its  end.  On  the  ends  in 
the  inside  of  the  wheel  the  mandi-els  have  each  a 
short  cross-bar  fixed,  sufficiently  long  to  contain  two 
steel  rings,  which  are  exactly  the  same  size  and 
distance  apart  as  those  in  the  mortiemg  maehine, 
which  support  the  block.  The  wheel  b  has  at  each 
point  opposite  the  mandrils  a,  a  screw  centre  similar 
to  the  back  centre  of  a  lathe,  but  furnished  at  its 
point  with  a  steel  ring  of  (lir  ^  .  >■  ;/<  :.  Ihat  at 
the  end  of  the  screw  of  llh  '      ■      The 

blocks  are  held  in  between  ti,-  ,\  ,  ,  :  i  '  m:,'  the 
double  point  at  one  end  of  imcIi  Mi  iL,  ii;  uubt  the 
double  rings  at  the  end  of  one  of  Ihc  niaiulicls ;  and 
then,  screwing  the  screw  in  the  other  wheel  tight  up, 
the  block  is  confined  between  them.  In  tliis  manjicr 
the  chuck  being  filled  with  10  blocks,  if  they  arc 
turned  round  rapidly  and  a  chisel  or  gouge  be  fixed 
for  them  to  cut  against,  each  will  be  foi-med  to  a 
segment  of  the  circle  in  which  they  move.  This 
gouge  is  supported  in  a  frame  moving  on  a  fixed  rest 
D,  whieh  is  curved  to  a  circle  whose  centre  is  in  the 
centre  of  the  chuck.  It  is  confined  to  move  on  this 
arch  by  a  curved  radial  bar  e,  fitted  to  centre  on  the 
floor  beneath  the  maehine  at  one  end,  and  having  the 
other  attached  to  the  frame  f  which  supports  the 
tool.  This  frame  contains  a  slider  /  moraig  in  a 
crnoTC,  and  at  flic  end  carrying  the  tool^  in  a  holder. 
Tin;  sliili  r  li;is  an  axis  or  spindle  fitted  perpendicularly 
ill  it  at  h.  On  the  lower  end  of  this  is  a  roUer, 
whirli  a]'|ilirs  itself  against  a  eiu'ved  piece  of  metal 
/,  called  a  shnpe,  fixed  upon  the  framing.  The  roUer 
is  kept  in  contact  with  the  shape  by  a  lever  centered 
at  k  on  the  frame  r,  and  connected  by  a  short 
coupling  ii-on  with  the  slider  /;  so  that  when  its 
handle  I  is  pressed  towards  the  machine,  the  roller 
is  kept  up  to  the  shape.  By  means  of  a  handle  g 
jointed  to  the  frame  F,  whieh  carries  the  tool  and  all 
its  apparatus,  this  frame  can  be  moved  along  the 
rest  D,  being  guided  by  the  radial  bar  e  in  its 
motion.  Now  if  the  other  handle  /  be  at  the  same 
time  pushed  forward,  the  roller  appKes  itself  to  the 
shape,  and  the  gouge  describes  the  same  cun'ature  as 
the  shape.  Below  the  first  shape  is  a  second  m,  and 
by  a  simple  movement  the  roller  can  be  depressed  so 
as  to  roll  in  the  second  shape,  and  give  the  curvature 
of  it  to  the  tool  instead  of  tlic  upper  one. 


Hi  £L( 

SupposiugtLc  10  blocks  to  bo  fixed  as  just  described, 
tlie  frame  r  of  the  gouge  is  turned  to  one  end  of  the 
test  D,  and  the  chuck  put  in  rapid  motion,  by  a  band 
round  a  puUey  u,  on  its  axis.  The  attendant,  Tvith 
the  handle  o  in  his  right  liand  and  /  in  his  left,  sweeps 
the  frame  along  its  rest  by  the  liandle  g,  -while  he 
keeps  the  roller  in  contact  with  the  shape,  by  press- 
ing the  lever  /  towards  the  machine.  In  this  move- 
ment, the  gouge  cuts  to  their  proper  cui-vature  the 
faces  of  all  the  10  blocks  wliich  are  farthest  from  the 
centre.  "Vllicn  the  fi-ime  has  slowly  traversed  the 
whole  length  of  its  s\\  eep,  the  outside  faces  of  all 
the  blocks  are  fmished,  and  the  machine  is  stopped 
by  castmg  its  movement  off  from  the  miU  Lut 
as  it  presoiTes  a  comiduiabL  velocity,  this  l^  "lire!  td 


by  a  steel  spring  at  i,  fixed  at  one  cud  to  the  frame, 
and  extending  round  a  wheel  fixed  on  (he  pulley  n. 
The  other  end  of  this  spring  has  a  handle,  which 
bemg  pressed  down,  the  curved  part  of  the  sprmg 
eucioscs  the  wheel  and  acts  as  a  gripe.  When  the 
motion  ceases,  the  blocks  are  all  turned  one  quarter 
round  on  the  small  mandrels  ir,  by  an  endless  screw 
on  each  of  the  wheels  a.  These  screws  are  cut  in 
the  ends  of  as  many  spindles  d,  pointing  towards  the 
centre  of  the  chuck.  At  the  ends  of  those  nearest 
the  ccntic,  each  spindlt  has  a  small  bevelled  wheel  e 
fixed  upon  it  Theie  is  also  a  laige  bevelled  wheel  k 
fittt  1  upon  the  axis,  bctn  ecu  the  wheel  a  and  the 
pulley  ir,  so  as  to  slip  freely  round  upon  the  axis, 
and  \\hen  it  is  (unicd  lound,  it  will  CMdcnUy  turn  all 


the  wheels,  spmdlcs,  sc  ew  ,  aud  imnduls  at  once, 
mid  thus  tuni  all  the  lilocks  so  ab  to  bimg  anothci 
face  outwards.  W  1  ile  the  chucks  aie  turned  round 
the  wheel  is  held  fast,  and  the  wheel  k  is  stopped  b> 
a  catch  l,  moving  m  a  jomt  fixed  on  the  giound 
Tliis  wheel  being  detained,  the  attendant  takes  hold 
of  the  chuck  by  its  rim  and  turns  it  round  i  times, 
and  the  bevelled  and  other  wheels  are  so  proportioned 
that  those  4  times  will  make  the  blocks  ie\ol\e 
exactly  one  quaiter  on  then  separate  axes,  so  as  to 
bring  another  side  of  each  block  outside  The 
machine  is  then  set  in  motion  as  befoie,  and  the 
work  is  alternately  stopped  and  carried  on  until  all  four 
sides  arc  finished,  the  upper  shape  being  employed  to 


cut  thtfliiilMii  m  UiL  same  manner  as  the  first, 
il  r     I  1    111  fouith  sides,  the  lower  shape 

1  I  fa  screw  m,  the  socket  sup- 

]  I  I   I  111    lolld  /;  can  be  moved  along 

tl         I  1     t    1  Mill  li  lb  to  project  the  tool // 

moi  I  01  1  I  '[lis  may  be  required  to 

cut  lar.;ci     I  I  1  he  same  shapes  will 

serve  foi 

This  mill  1  I  u  m  d  by  an  u-on  cage  (a 
portion  of  which  is  sliowu  in  Fig  153),  for  the  pur- 
pose of  defending  the  workmen,  lest  the  blocks  which 
are  revolving  with  great  velocity  should  be  loosened 
by  the  action  of  the  tool,  and  fly  out  by  ttieir  coum- 
fugal  force. 


9.  As  the  blocks  come  trom  the  shaping  eugme, 
they  are  taken  to  the  scorimj  enrjine,  wluch  forms  the 
groove  round  their  longest  diameters  for  the  reception 
of  their  ropes  or  straps.  This  engine  receives  two 
blocks  A,  B,  Fig.  154,  each  held  between  two  small 
pillars,   a   fixed  in  a   strong  plate   d,   and   pressed 


ngamst  the  pillars  by  a 
clamp  (/.     Over  the  blocks  f 
or  cutters,  E  E,  are  fixed  o 
turned  by  a  pulley  in  the  i 
fitted  in  a  frame  f  f,  nn 
to  rise  and  fall  wh.  i, 
brings  the  cutters  iIm-. 
depth  to  which  they  r.in 
shape  g,  fixed  by  screws  up 
the  blocks.     Upon  this  rests 


,  wliich  acts  c 

■  of  circidar  plane 

5  spindle,  which  i 

;■      This   spindle    i 
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ring,  which  enters  the  double  points  before  uicntioued 
in  the  end  of  the  block.  The  blocks  being  properly 
mounted,  the  attendant  presses  the  cutters  e  e  by 
means  of  the  handle/ down  upon  the  blocks,  depress- 
ing them  between  thcii-  pins  luitil  their  descent  is 
stopped  by  the  i.iece  /;  resting  on  the  shape  g.  He 
then  tm-ns  the  screws  b  b,  to  fix  the  blocks  tight,  and 
the  cutters  benig  put  in  motion  will  cut  the  scores, 
which,  by  the  adjustment  previously  made,  will  be  of 
no  depth  at  the  piuhnle;  but,  by  depressing  the 
handle  l  so  as  tn  iii>         1 1  .   I    ^  mil  keeping  the 

cutters  doMiiupmi  I  .   h.indley;  they 

will  cut  any  dtpiii  U  of  the  blocks 

which  the  shape  y  i  \  i  •       >   i\  one  quarter 

of  the  score  is  foimcd,  the  oIIili  is 
both  blocks  together  half  romid. 


■The  c 


lone  by  turning 
V  the  foUoMing 
>  not  fitted  into  the 


li  1    '  1        I  vactly  midway 

111  \        hu  (atch,  the  end 

'  'III.  i,ether  ;  \iheu 

1  I  thi  pl.ite  D  can  be  turned 

I  IN  fo  change  the  blocks 

1       imscored  ((uaiteis  oi  those 

'    II    iiiitin   cutters,  the  Morbnau, 

ii  s  /  aud  L  one  in  each  h.uul,  and 

down,  cuts  out  the  second  quai-ter. 

ti-en  done  by  simplv  lifting  up  the 


I  1   llie 

u  .lie  Lut  In  tium..gthc(itliasiJ,.of  the 
vards  aud  repeating  the  above  operations, 
y  can  be  shifted  for  different  sizes  and 

of  the  snaping  machines  cut  the  wood 
without  reference  to  the  grain,  roughnesses  are  left 
w  Inch  require  to  be  smoothed  down.  This  is  done 
l)\  hand,  aud  a  smooth  pohshed  surface  is  produced 
without  removing  any  of  the  wood. 


//,  fixed  to  the  frame  i;  and  enclosing,  but  not  touching 
the  pulley.  To  admit  the 
whole  length  of  the  blocks,  the  plate  d  is  sustained 
between  the  points  of  two  centres,  which  are  fur- 
nished with  screws  at  /.  On  depicssing  the  handle i, 
the  frame  is  inclined.  At  m  a  lever,  -weighted  at 
the  end,  comiterbalances  the  weight  of  the  blocks 


10.  For  making  the  sheave 

,  the  first  process  is 

ttmg  pieces  or  fl.ikLs  off  ili 

riid  of  the  trees  of 

imm  ^ita■,  of  t' 

-s  to   foim  the 

ca\es.     This  ISM 

1  liiee  converting 

IclllM'S   OUCAMlll 

..nd  the  others 

th  ciicidar  s.L^^  ^       i        i 

I    iiiado  circular. 

and  their  centres  pieii 
\i  liicli  has  a  centrebit 
fixed  before  thi 


s  of  a 


and  plate  D,  all  which  are  above  the  centre  on  which 
they  move.     The  frame  r  has  also  a  coimtei 
balance  the  cutters,  Sro.     The  cutters  e  an 
wheels  of  brass  with  round  edges;    cm 
notches  in  its  eircumfercnce  at  opposite  si,i  u 

these  notches,  chisels,  fixed  by  screws,  pi  cij' u  1    ^     id 
the  rim  of  the  wheel. 

In  using  this  machine,  the  block  is  pressed  between 
the  two  pins,  a,  and  the  clamp  d  is  screwed  up  against 
it.     This  clamp  has  two  cla««,  each  furnished  with  a 


:s.     The  flake  being 
',  it  quickly  cuts  out  a  cu'cle,  and, 
the  same  tune,  forms  a  centre  hole. 

11.  The  coahiiff  engine  is  a  most  ingenious  macldup  ; 
forms  a  cavity  in  the  centre  of  the  sheave  for  the 
leptionof  the  coak  or  bush  of  bell-mctal,  which 

'"  '  s  ,1  socket  for  the  centre  pin.  This  cavity  is  in 
I  III  of  three  small  semicircles,  arranged  at  almost 
'  intervals  round  the  hole  formed  by  the  last 

12.  A  drUling  machine  for  perforating  the  three 
semicircular  projections  of  the  eoaks,  for  the  lecept.on 
of  short  wire  pins  or  rivets,  which  aie  rivetted  dowu 
at  the  same  time  with  the  rest  of  the  coak. 
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iiLOCK— BLOOD— BLOWPIPE. 


13.  RiceUng  haismers  ;  two  small  tilt  hammers  for 
iinnlv  riveting  the  coaks  after  they  are  put  into  their 
places. 

14.  The  centre  holes  thi-ough  the  coaks  arc  next 
broached  out  to  a  true  cylinder  by  means  of  the 
broaching  engine. 

15.  The  faces  of  the  sheaves  are  lastly  turned  to  a 
flat  surface  ia  a  facing  lathe,  which  also  forms  the 
groove  ill  their  periphery  for  receiving  the  rope. 
This  completes  the  machine  for  making  the  sheaves. 

The  ii-on  pin  or  axis  of  the  block  is  forged  by  two 
smiths  between  two  swages,  or  tools  each  having  a 
semicircular  cavity  in  it,  so  that  the  two  when  put 
together  form  a  cylinder.  The  heated  iron  being  laid 
in  one  of  these,  the  iron  is  pat  over  it  and  beaten  with 
a  hammer  into  a  cylindrical  foim.  One  end  of  the 
pin  is  left  square  for  a  short  length.  Li  this  state 
the  pins  are  tui-ned  by  a  slide  rest  in  the  pin-turning 
lathe ;  this  covers  them  with  spiral  scratches  from  the 
scorings  of  the  tool,  and  Ihryare  afterwards  polished 
and  made  perfect  in  the  ,     "  " '  '    ,  i:i  which  the 

pin  is  fixed  in  the  lower  i  .  a  -, .  i  il  revolving 
axis,  and  forced  down  iii'  -  :  e  ;  mersed  in  oil 
holding  three  pieces  of  lu  ii!  'f.  i  L  1,  ;  ,\.  i  u  which  the 
pin  is  pressed  as  it  turns,  and  this  perfects  the  polish. 

Blocks,  from  4  to  7  inches  in  length,  are  generally 
fitted  with  wooden  pins,  which  are  turned  in  a  lathe 
called  a  whisket. 

There  are  also  two  machines  for  nmking  dead-eyes 
from  5  to  9  inches,  and  also  from  10  to  19  inches  in 
diameter. 

There  is  also  a  large  bonny  machuie,  for  making  the 
largest  sizes  of  blocks,  called  made  blocks,  some  of 
wliich  are  as  much  as  4j  feet  in  length,  -n-ith  four 

The  number  of  machines  employed  in  making  the 
blocks  is  forty-four.  These  are  divided  into  three  sets, 
so  that  three  sets  of  blocks  of  dilTerent  sizes  may 
be  proceeding  in  all  their  stages  at  the  same  time, 
although  in  some  of  these  stages  one  machine  operates 
at  the  same  time  upon  two,  or  even  ten  blocks. 

The  different  blocks  made  by  these  machines  arc 

Thick  blocks,  four-  varieties — single  sheaves,  double 
sheaves,  treble,  and  fourfold.  The  sizes  of  each  va- 
riety arc  from  4  inches  to  2S  inches  in  length ;  but 
only  the  first  three  varieties  are  made  wholly  by  the 
machine,  the  four-fold  being  chiefly  made  by  hand  ; 
but  then-  sheaves  and  pins  are  entirely  formed  by  tlie 


These  make  about 

Thin  blocks  are  the  same  as  the  above, 
but  with  narrow  sheaves :  these  are 
from  0  to  20  inches  in  length    .     . 

Clue-garnet  and  elne-Une  blocks,  of 
peculiar  construction,  introduced 
by  the  inventor  of  this  machinery  . 

Sister  blocks 

Top-sail  sheet  blocks 

Fiddle  or  viol  blocks 

Jack  blocks  


The  number  of  block-shells,  of  different  sizes,  made 
by  each  set  of  machines  in  a  day,  is  thus  stated  : — 

The  first  set  of  macliiues  makes  blocks,  from  4  to 
7  inches  in  length,  at  the  rate  of  700  per  day.  These 
have  wooden  pins. 

The  second  set  makes  blocks,  from  S  to  10  inches 
m  length,  with  iron  pins,  at  the  rate  of  520  per  day. 

The  third  set  makes  blocks,  from  11  to  18  inches 
in  length,  with  iron  pins,  at  the  rate  of  200  per  day. 
Total,  1,420  per  day.    [See  Appendix.] 

BLOOD  is  the  general  eii-cirlating  fluid  of  the 
animal  body,  the  som-ee  of  nutrimeut  and  growth,  and 
the  material  from  which  all  the  secretions  are  derived. 
In  all  vertebrated  animals  it  is  of  two  kinds,  the 
arterial,  which  is  of  a  bright  red  colour,  and  the 
venous,  which  is  blackish  purple.  The  temperature  of 
the  blood  is  connected  with  the  degree  of  activity  of 
the  respiratory  process-  In  man  this  temperatm-e  is 
about  98°.  The  density  of  blood  varies  from  1.053 
to  1.057.  It  has  a  slimy  feel,  an  alkaline  reaction, 
and  when  recent,  a  peculiar  odour.  By  the  addition 
of  sidphuric  acid  to  old  blood,  an  odour  is  developed, 
which  is  said  to  be  characteristic  of  the  animal  from 
which  it  was  obtained.  Soon  after  blood  has  been 
di-awn  from  its  vessels,  it  gelatinizes  or  coagidates, 
and  the  jelly  or  coagulum  separates  into  two  parts,  a 
liquid  serum,  and  a  soft  clot  or  crassamentum.  Dui-ing 
coagidation,  the  colouring  matter,  called  hemaiosine, 
which  is  diffused  thi-ough  the  crassamentum,  so  as  to 
give  it  a  uniform  red  coloiu-,  is  thrown  ofi'.  This  red 
pigment  has  many  of  the  characters  of  a  dye  stuff, 
and  contains  oxide  of  iron. 

The  serum,  or  fluid  part  of  blood,  is  an  alkaline 
solution  of  albumen,  contaiiung  various  soluble  salts. 
The  clot  is  a  mechanical  mixture  of  fibruie  and 
colom-ing  matter,  swollen  and  distended  with  serum. 
Blood  is  sometimes  used  in  the  arts  for  the  sake  of 
its  albumen  [See  Axbumen]  :  but  its  use  is  much  less 
at  present  than  formerly.  The  chief  use  of  blood  is 
as  a  manure.  It  is  seldom  applied  directly  to  the 
land,  but  is  made  up  into  a  compost  by  mixing  about 
50  gallons  of  blood  with  a  quaiter  of  peat  ashes 
and  charcoal  powder,  and  allowing  the  mixture  to 
stand  for  a  year  or  two.  On  light  soUs  this  compost 
raises  excellent  turnips,  when  applied  alone  at  the 
rate  of  48  bushels  per  imperial  acre ;  or  of  2  quarters, 
with  12  tons  of  farm-yard  dung.  As  a  top  dressing 
to  young  wheat,  20  or  30  bushels  an  acre  greatly 
increase  the  crop.  In  Korthamptonshire,  where  Ibis 
manure  is  much  used,  the  blood  is  contracted  for  at 
the  rate  of  'id.  a  gallon.  In  some  countries  the  blood 
is  dried,  and  appUed  m  the  state  of  powder  as  a  top 
dressing  to  the  gi-owing  crops.  In  this  state  it  is 
sold  m  Paris  at  about  Ss.  a  ewt.' 

BLOTVPIPE,  an  instniment  for  directing  a  small 
jet  of  air  laterally  into  the  flame  of  a  candle  or  lamp, 
whereby  a  portion  of  the  flame  is  formed  into  a  long 
slender  cone  in  the  dii-eetion  of  the  jet,  the  heat  of 
which  increases  towards  the  end  of  the  cone,  and  at 
the  point  is  most  intense.  In  tins  way  a  common 
flame  is  converted  into  a  species  of  furnace,  capable 

(1)  "  Johnston's  Elements  of  .\griciilliital  Chemistrj-"    IMS. 


uf  fusing  or  raising  to  a  h\'.;\\  degree  of  temperature 
auy  substance  minute  enougli  to  be  involved  by  tlie 
flame.  The  blo-\vpipe  is  in  common  use  in  the  Arts ; 
it  is  used  in  soldeiiiig  by  the  jeweller,  goldsmith,  and 
those  who  fabricate  small  objects  in  metal;  by  the 
glass-blower  lu  making  instruments  and  toys  of  glass; 
by  the  cnameller,  and  others  It  is  alhO  an  invaUiablc 
instrument  in  the  lumds  of  the  analytical  chemist, 
s\ipcrseding  to  a  great  extent  the  large  furnaces  and 
cmubrous  apparatxis  of  former  times. 

The  comuion  blowpipe,  Fig  155,  is  a  conical  lubr 
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add  to  this  a  slip  of  platinum  foil  two  or  three  inches 
long,  to  hold  the  object  of  experiment  to  the  flame, 
and  a  small  piece  of  borax  to  serve  as  a  flux,  we  are 
furnished  at  once  with  a  sufiicient  laboratoiy  fur  a 
great  variety  of  experunents;  for  the  candle  and 
charcoal  may  be  found  in  most  places."    Pig.  IGl 


^ 


u  wliich  the  vapour  is  condensed 

ox,  which  also  answers  the  pur- 

il  caps  for  the  nozzle.     Fig 


or  pipe,  geucially  of  brass,  about  8  inches  long,  and 
a  quaiter  of  an  inch  diameter  at  the  top,  with  a  cur- 
vature near  the  lower  end,  wlience  it  tapers  olf  to  a 
point,  -nhich  has  a  very  small  perforation  for  the 
escape  of  the  jet.  This  is  the  sunplest  and  cheapest 
form,  and  is  used  at  the  present  day  by  artisans.  But 
as  in  using  this  tube  the  moisture  of  the  breath  is  apt 
lo  condense  within  it,  a  bulb  i  is  sometmies  made  ] 
the  small  end  of  the  pipe,  as  in  Fig.  156,  and  to  render 


The  small  jet  d  is  iitttd  Ijy  grmdmg  to  the  extremity 
ot  the  beak  c,  and  several  of  these  jets  are  provided 
with  holes  of  different  diameters,  to  bo  changed  ac- 
cording as  a  larger  and  more  moderate,  or  a  smaller 
anil  more  intense  flame  is  rciiuired.  The  chamber  i, 
for  pnnj,  iisni  .  llir  innivtiiw  is  a  cylinderl  inch  long, 
.mil  'I  'I  III  varieties  of  blovrpipe 

^>  11  ^  IS  the  most  poitable. 

1 1^      I  .      I  M     loi.ii,  the  number  of 

inid's  ciiiiipiisiu^'  It,  ,niil  Ihc  method  of  putting  the 
parts  together,  either  for  use  or  for  travelling;  a,  i,  e. 
Fig.  158,  show  the  three  pieces  put  together  for  use. 


tiouonthe  tube.     Fig  lf,n  rcpi, 
packed  up  into  the  space  of  a  pi 


small  pipe  a  is 

lu'ass,  and  has  two  ^'H  ■'  -• 

or  three  caps  that  fit  on  tight,  each  cap  being  pii-iecu 

with  a  liole  of  a  different  lUametcr. 

To  use  the  blowpipe  properly,  rcfiuii-es  some  art, 
for  while  the  aii-  is  inspired  through  the  nostrils,  that 
which  is  contained  in  the  mouth  must  be  forced  out 
through  the  tube  by  the  compression  of  the  cheeks, 
so  as  to  keep  up  a  continued  stream  for  a  quarter  of 
au  hour  if  necessary.  To  acquire  this  art.  Mi-.  Griffin 
advises  the  learner  to  begin  by  practising  breathing 
through  the  nostrils  with  the  mouth  closed ;  then  "  let 
the  learner  transfer  the  air  into  his  mouth,  allowing 
his  cheeks  to  distend  as  the  air  arrives  through  the 
posterior  nostrils,  and  then  let  him  make  tw  o  or  tliree 
moderate  inspirations  and  expirations  by  the  nostrils 
uithuut  npi  111111;  till  lips  (,r  sufl'ering  the  air  to  escape 
tiuiiitiK  iiMiiiili  '  1 1  III  "  let  him  introduce  between 
I  Is  iij  ,  )!  I  II'  iii'liji  I  ot  11  blowpipe,  having  a  small 
jpi  iliiir,  .mil  I  hi  11,  li  iMiig  Idled  his  mouth  with  air, 
let  him  allow  the  same  to  be  gently  expelled  through 
the  tube  by  the  action  of  the  muscles  of  the  cheeks, 
at  the  same  tune  that  he  continues  breathing,  without 
interruption,  through  the  nostiils.  This  is  douo  by 
applying  the  tongue  to  the  roof  of  the  mouth,  so  as 
to  interiTipt  the  commiuiiealion  between  the  anterior 
part  of  the  mouth,  and  the  passage  to  the  nostrils. 
When  the  mouth  begins  to  be  empty,  it  is  replenished 
by  the  lungs  in  an  instant,  while  the  tongue  is  with- 
drawn from  the  roof  of  the  mouth,  and  replaced 
again  in  the  same  manner  as  in  proiiouncrng  the 
monosyllable  tut.  After  practising  this  for  a  few 
days,  the  muscles  employed  will  be  accustomed  to  this 
new  exertion,  and  unless  the  flame  bo  urgul  too 
impetuously,  a  coutinued  current  may  be  produced 
without  any  extraordinary  exhaustion." 

For  the  information  wliich  is  to  be  acquii-ed  from 

the  use  of  the  blowpipe,  we  must  refer  to  special 

silt       subject.     One  of  the  best  of  these 

I  translation  of  wlueh,  from   the 

M   b  published  by  Mr.  Chfldren,  in 

^  iHcin   edition  by  JIi-.  Whitney  has 

I  11   recently.     Mr.  Gritfin's  "  Piae- 

1         I  1  lir  use  of  the  Blowpipe  in  Chemical 

M,i      ,\      I  SIS,"  Glasgow,  1S27,  is auadmnable 

111  1 11   v  1 11 K   ri  111  w  ciUtion  of  which,  would  be  of  great 
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assistance  to  tlie  studeat.  But  the  most  elaborate 
Treatise  on  tlio  Bln,vn.:,,r  i.  t!,r,t  by  Professor  Plattner, 
of  Freibfi-,  r  ,  i  ,  l  •  |  Probirkunst  init  deni 
Lothrohrp,"  (  :'  v'-  i:  |i  ,  i>  an  Eaglisb  version  by 
the  autlior  :,:   .  :  >/    :i  ,.        •       lS5i. 

The  taljlc  1)11. «  |ii|.f  aiui  uiiier  forms  of  compound 
blowpipe  will  be  described  luider  Enamel,  Glass,  &c. 
BLUBBER,  a  deposit  between  the  skin  and  the 
mnscles  of  the  members  of  the  order  Cetacea,  and 
most  abundant  in  the  Greenland  whale,  its  thickness 
being  from  8  to  10  or  20  inches  The  uses  of 
this  layer  are  to  render  the  huge  body  of  these 
animals  specifically  lighter  than  the  surroimding 
fluid;  to  assist  in  the  preservation  of  the  vital  heat° 
and  to  afford  protection  to  the  internal  organs  a"-ainst 
the  effects  of  the  enonnoiis  pressui-e  to  wliich  tliese 
animals  are  subject  in  the  depths  of  the  ocean.  The 
blubber  of  a  full-grown  whale  is  said  to  yield  as 
much  as  100  tuns  of  oil.  It  was  formerly  the  "custom, 
when  whales  were  numerous,  and  the  fishing  com- 
paratively easy,  to  boil  the  blubber  on  the  spot, 
and  to  bring  home  the  oil  in  casks.  As  the  fishery 
became  more  difficult,  and  the  whales  had  to  be  pur- 
sued further  into  the  open  sea,  it  was  found  more 
economical  to  bring  home  the  bhibber  or  Jtnhs,  as  it 
is  called,  cut  in  small  pieces,  and  packed  in  casks. 
V\'hen  it  arrives  in  England,  it  is  putrid,  and  in  order 
to  get  rid  of  the  rancid  smell  and  (astc,  and  to  purify 
tlie  on,  the  following  method  is  adopted.  The  casks 
are  emptied  into  a  largo  back,  or  receiver,  containing  ■ 
about  20  tuns  :  from  theuce  the  fluid  parts  are  ! 
suffered  immediately  to  strain  througli  a  semi-circidar 
wire  grating  in  the  side  of  the  back,  close  to  the 
bottom.  This  grating  is  about  4  feet  wide,  and  2 
feet  high,  receding  in  a  convex  form  into  the  back, 
and  the  wii-es  sufliciently  close  to  prevent  tlie  hnks 
from  passing  through.  The  oil,  as  it  drams  tnxough 
this  grate,  is  conducted  by  a  copper  tube,  4  inches 
ill  diameter,  into  another  back,  containing  about  flic 
same  quantity.  ATlicii  this  is  full,  it  is  left  about 
two  hours  to  settle,  after  which  it  is  conducted  by 
means  of  a  sluice  into  a  copper  of  the  capacity  of 
about  14  tuus,  and  is  heated  Ijy  a  fii-c.  The  oil  must 
be  siii-red  in  the  copper  until  it  has  attained-  the 
temperature  of  225°,  which  wiU  destroy  the  rancidity 
of  the  smell,  and  also  precipitate  the  grosser  animal 
matters.  As  soon  as  this  temperature  is  attained,  the 
fire  is  removed,  aud  about  half  a  tun  of  cold  water  is 
inimped  upon  the  surface  of  the  oil  in  order  to  cool 
tlie  bottom  of  the  copper,  and  prevent  the  solid  parts 
from  adhering  to  the  sides.  The  oil  is  then  left  to 
cool  an  hour,- and  is  then  drawn  off  into  coolers,  and 
when  perfectly  cold,  is  stored  in  casks.  In  this  state 
it  is  fine,  and  fit  for  immediate  use.     [See  OiL.l 

BOAT.  A  small  vessel,  gcueraUv  without  a'dcck, 
managed  by  saUs  or  oars,  or  dra\vn  by  horses  upon 
canals.  The  form,  equipment,  and  names  of  boats, 
vary  according  to  the  purpose  for  which  they  are 
mtended;  hence  they  are  made  sbght  or  strong, 
shai-p  or  flat-bottomed,  open  or  decked,  plain  or 
ornamented,  as  they  are  designed  for  swiftness  or 
burden,  for  deep  or  shallow  water,  for  iailin"  in  a 


harbour  or  a  sea,  and  for  convenience  or  pleasure. 
Boats  arc  a  necessary  ajipcndagc  to  a  ship :  ships  of 
the  line  have  usually  six.  boatS;  but  the  number 
decreases  with  the  rate  of  the  ship.  The  largest  is 
caUed  the  long-boat  or  lamich,  and  its  chief  use  is  to 
convey  heavy  stores  to  the  ship.  It  is  generally 
furnished  with  a  mast  and  sails,  and  is  sometimes 
decked,  ai-med  and  equipped.  Isext  in  size  to  this  is 
the  harge,  and  its  chief  use  is  to  convey  the  principal 
officers  to  or  from  the  ship.  It  is  of  slender  con- 
struction and  of  small  breadth,  and  never  rows  less 
than  ten  oars.  The  pinnace  is  sunilar  to  the  barge, 
but  smaller :  it  never  rows  above  eight  oars,  and  is 
used  by  lieutenants  in  going  ashore  or  coming  off  to 
the  ship.  Cutters  arc  broader,  deeper  and  shorter 
than  the  former ;  they  are  employed  on  most  occasions 
for  going  ashore,  carrying  stores,  provisions,  boarding 
slups  at  sea,  &e.  The  jolly-boat  is  tlie  smallest  boat 
used  in  any  of  the  ships  of  the  navy.  In  an  East 
Indiaman  there  are  four  boats;  the  long-boat  for 
conveying  stores  and  goods  to  and  from  the  ship :  the 
cutter  for  going  ashore ;  the  jollg-boat  and  the  f^awl 
for  occasional  use. 

At  the  close  of  the  last  c 
by  the  Rev.  Jlr.  Bremmer,  tl 
be  firmly  fixed  in  ship's  boat^. 
into  life-boats,  or  such  as  ai 
when  fiUed  with  water.  Upon 
suggested,  it  was  found  to  ai 
war's  joUy-boat,  Fig.  1G3,  w 


iinnsed 


eplan 


:r  perfectly.  . 
IS  thus  rendered  buoyant. 


aud  to  keep  it  upriglii  u.  uruci  lu  launch  it  from  a 
flat  shore  and  to  resist  upsetting,  it  was  furnished 
mth  billage  boards  of  equal  depth  with  the  keel. 
Wlien  a  large  piece  of  iron  or  lead  was  let  into  or 
fastened  to  the  keel,  the  boat  when  accidentally 
upset  immediately  regained  its  original  posture.  A 
stout  projecting  rope,  with  sweUings  on  it  to  increase 
its  elasticity,  suiTouuded  the  gunwale,  and  served  as 
a  fender,  and  prevented  the  boat  from  being  staved  m, 
in  lowering  it  domi,  or  wlien  driven  in  contact  with 
the  vessel  it  might  be  going  to  relieve.  TVlien  this 
boat  was  filled  with  water  aud  contained  five  persons, 
such  was  it  buoyancy  that  it  was  kept  above  tlie 
water's  edge,  and  oould  be  rowed  with  the  greatest 
ease,  and  was  capable  of  performing  any  service 
reqiured. 
About   the    year   17S5,    Mr.    Lukin  took  out   a 
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patent  for  a  life  boat  with  piojectmg  guu'n  ilcb  and 
hollow  cases  oi  double  sides  undei  them,  as 
an  tight  lockeis  or  inclosuits  under  the  thv 
seats  for  the  roviers  Ihcse  auaugemeuts  gieatly 
lucieascd  the  buoy-mcy,  lud  pi  evented  loUiug  Ihc 
great  defeet  of  this  boat  \vas  its  liibdity  to  be  slaved 
m  This  led  to  tlu  iiuditim  ot  i  lilt  bo  it  by 
Mr  Greathead  of  Sinili  I       i  i      i   nhic'iwas 

so  successful  m  its  i     the  yeai 


l'^f 


t  hid  « 


easels 


to  an  expeucnccd  nnn  acquainted  witli  the  i 
and  direction  of  tides  and  tunents,  and  ho  \ 
recoinnitnded  to  keep  th(  bjil  with  htr  he  id  to 
waves  as  miieh  is  ]  m     h  i    ui  inou  i 

motion  as  ho  ne  a c  i  i  ui  is  lecuu 

on  iippioaehing  tli  u  conseque] 

of  the  leflux  ot  tin.  «   ^  1  ii  i    m  „cueial  bet 

to  get  to  the  ship  on  tlic  kt  side  ilie  io\v,.is  v, 
lecomraeuded  to  exeicise  themsch  es  m  the  use  of  t 
obc}   =;tiif'tly  tlie  pn<;nn  en  iimandi; 


\ 


lit  ot  stations  at  i 
N,  manned  by   acti 


ihisboit   li„'  104  V 


1  eonsidci  ible  length  to  scive  d<- 
'  aie  so  fa  apiit  that  the  boat 
lui  them  with  the  arched  axle  o\ei 
lieu  the  pole  is  lionzont  1  the  aich 
c  bo  it  but  when  the  pole  is  eiccted 
r  the  aich  touches  the  boa*  In  oidei 
ii  (lie  aiched  axle  is  biought  over  its 
I  I  set  upiight  two  chains  fastened 
ill  u  hooked  on  to  two  cyebolts  fixed 
I  111  b(M(  fhc  pole  is  then  loweicd 
t   I  iiji  the  bolt  -nithit      In 


I  int  I3 


ot  thi 


;n( 


m  length  and  10  feet  ui  bicadth  its  ^leatest  depth 
beiUj,  ibout  i  feet  be  ides  a  geuei  d  com  exity 
which  nearly  doubled  the  depth  is  leekoned  fiom 
the  ends  the  convexity  below  being  intended  to 
.,1V e  it  a  gieatei  fiedity  of  tuimiig  and  a  gieatci 
pi  wei  of  11  (iiiiiliii_,  on  the  waves  without  submeision 


\  ould   1 


;  the   1 


t  <;iuk  the  boat  the  breadth 
1  liathcr  than  usual  foie  and  aft 
I  iilute  to  the  same  effect  The 
I  I  d  ome  inches  and  the  sides  weie 
ued  With  coik  secuied  by  plates  of 
coppei  ind  listened  with  copper  uads  which  gave 
the  boat  so  much  buoyancy  that  it  w  oidd  float  and 
be  sei  vioeable  although  0  much  d  mi  iged  as  to  be 
almost  m  pieces  but  the  coik  by  its  softness  and 
elasticity  was  well  colcidatcd  to  jici  nt  uoli  an 
accident     The  whole  quantitv    f  "In 

the  outside  it  was  4  mches  tin  I  '  I 

whole  length  of  the  sheai  01       1  1 

the  mside  it  was  thicker     Ten  11 

hxed  on  pins  to  the  gunwales  ami  1  1  iigi  i  on  I  1 
steering  was  fixed  at  each  end  both  ends  of  th 
boat  bemg  alike  The  boat  was  pamted  white  m 
ordei  to  be  more  conspicuous  and  it  was  entiu'^1    I 


10  distmet  fiom  eich 

I '  t  it  one  of  th  m  weie  beaten  in  by  still  iiig  on 
111'    tlu  lest  would  stiU  be  sciviccablc 

Since  the  extensive  application  of  Iniix  inbber 
and  moie  recently  of  gutli  pcioha  to  the  puiposes 
ol  the  useful  aifs  these  substances  hsve  been  em 
plojtd  with  much  succe<is  m  the  con  tiuction  of  life 
boats  Ships  have  also  been  fuinisheJ  with  vanous 
kmds  of  lite  buojs  [bee  Buoi  ]  Coik  mattras'es 
hive  al  0  Dcen  |  iitiillv  lutiodue  d  on  boaid  ship 
bet  a    tl  it     the  sailois  to  descit 

they  ai     I  1  1 1 1  bo  vt  and  Appendix 
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ne  br  1110  IS  mattei  lei  lire  I  stiff  and  i  gil  ly  ii 
sol  il  le  e  thy  salts  of  ^^hlch  ilosphate  of  line  is 
tleiot  luiidaut  Thojioioitn  fritlv  il 
y  gicatly  iitl     1 


1  the  a 


,  ot  t 


1  It  1 


nth  1 


5301 

1 

1130 

PI  ll  t   t 

I 

nr 

olaaidahttlccoi 

isalt 

I'O 

100  00        100  00 
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lime  lud  a  much  smaUei  piecij  itatt  of  caibo  late  ol 
hnie  on  the  addition  of  caibonate  of  am  noma 

Fat  although  us  laUy  present  in  bone  is  not  an  es 
sential  j  ait  theieof  The  lioin  of  the  stag  and  of  othei 
anil  1  lb  of  the  same  kmd  ib  ei  tuely  tree  fiom  fat 
hence  haitshom  jelly  made  by  boding  the  sha-vmgs 
of  stigs  hoiu  m  watei  ib  often  lecommcnded  to 
peisou;>  of  veiy  weak  digestion  m  j  lefeieuce  to  othei 
ammal  jelhes  as  bemg  absolutely  free  fiom  oil  foi 
although  baid  fat  wiE  not  oombme  with  jeUy  yet 
the  softci  oily  fats  w  11  do  so  m  small  piopoitions 

All  ammals  that  eat  flesl  also  eat  boi  es  it  of  n 
sue  to  be  casdy  ciushed  and  masticate  1  Tl  e 
iichness  of  meat  soups  is  mcieased  by  boibng  the 
boi  s  with  the  meat  but  m  this  way  only  a  small 
poition  of  the  food  contained  m  boies  is  n  ade 
a-vadiUc  |  t  t  tl  I  tmc  is  with  difficulty 
anl  tl  t   at   aU    soluble  m 

comn        I  I     I    of  the  fat  locked  nj 

m  the  I      0  pc  unless  tl  c  cells 

be  biok       I  1  1  I  Ml     1        1       , 

contains    howe\er    veiy  11  I  II 

theu  enlaiged  c\tiemities       I  1      s 

afloid  the  chief  supjly  ot       f  II 

paitb  slould  be  sa\cl  oil  1(1  i  t  biok  n  to 
p  eces  The  bones  of  young  am  nals  tl  is  treated  will 
m  tl  c  couise  of  tn  o  or  thiee  horns )  lUd  most  of  tneir 
soluble  mattei  to  boiling  watci  1  ut  m  the  bones  of 
tlie  oldti  animals  the  gelatine  seems  to  be  m  a  state 
ot  condensation  appioachmg  that  m  winch  it  exists 
in  the  skin  aud  theiefore  lequucs  the  long  cou 
t  m  cd  action  of  boilmg -natcr  to  scpaiate  it  Bv 
nieaub  of  a  /  /  s/e  oi  boilei  \Mth  a  steam  tight  co\ri 
and  fety  V  \lve  the  tempeiatuie  of  the  watei  i  ly 
be  s  fclyi  ibcl  to  5  It  at  a  less  le  t 

thau  th  s  tl  e  c     1  1    iiembianous 

poitiou  of  the  1  I    t  previously 

reduced  to  small  i  I     lesidue  wdl 

be  found  a  friable  1  1  1  scaicely  any 

remains  of  animal  u  ittei  Lone  so  ys  aie  piepaied 
m  this  -n  ay  at  the  hospitals  and  militaiy  head  qnaiteis 
m  Fiance  and  it  has  been  pioposed  to  make  a  col 
lection  of  diy  bones  a  pait  of  the  piovisions  of  a 
ganison  in  case  of  siege  If  formed  into  stacks 
covered  with  thatch  they  wo  Id  be  imperibhable  a  1 
uot  be  exiosel  to  the   att    k      f      i  1 

The  only  objection  to  boi  c        i 
hisabuint  fhvoui  b  it  it  1       1  I 

lid  of  this   by  f    t  digest 

t        r  1  t     c    t         I  11  1 

1  I    tl  c  1  e    1  s 

hnce  of  watei     and 

boda  to  get  ud  of  all 

11        1       le  to  the  an  the  mem 

bi  neb  will  d  y  to  a  I  oiiij  tcxtue  without  any  fear 

of  decomposition    and  this  can  be  moie  easily  con 

\eited  mto   a  pal  table  food  than  by  cookmg  the 

entue  bone 

In  Noiway  and  Sweelen  lu  tines  of  scaicit^  fbh 
bones  such  as  those  of  then  lekeiel  biOT\ned  on 
a  gubion  untd  they  becon  c  fuable  and  eaten  with 
pp)  1  e    an  1  salt  foi  n  a  \  ahtable  food 


Tlie  spines  ia  the  back  fin  and  tail  of  some  fislics 
are  used  in  some  parts  of  tlie  world  fur  pointing 
aiTows.  The  serrated  tecfh  of  sharks  are  also  used 
as  offensive  weapons.  Fish-hooks  arc  made  of  bone 
by  some  nations  ;  and  bones  of  fine  texture,  especially 
the  teeth  or  tusks  of  the  hippopotamus,  elejihant, 
walrus,  and  narwhal,  are  well  adapted  for  earviu.', 
sculpturing,  and  turning.  Ivory  is  also  used  for  ir 
laying.  Common  bone  furnishes  excellent  hamlb 
for  small  brushes,  and  other  articles.  In  makini; 
utensils  of  bone,  the  compact  cylindrical  ones  are 
preferred,  as  being  stronger,  and  admittuig  of  a  more 
uniform  and  higher  polish.  The  scrapings,  shavings, 
or  saw-dust  of  bone  fetch  a  good  price  in  the  market, 
as  tliey  are  much  used  by  pastry-cooks  and  others  as 
a  material  for  jelly,  v,'hich  they  readily  give  out  to 
boiling  water.  Bone  shavings  are  also  used  in  case- 
hardening  small  articles  of  steel 

Bones  also  form  a  valuable  manure,  and  for  this 
purpose  a  supply  is  often  obtained  from  many  of  our 
limestones,  which  contain  abundant  remains  of  corids 
and  other  animals.  In  the  Saui-ian  remains  that 
abound  in  lias  limestone  there  is  a  large  store  of 
phosphate  of  liine,  and  many  of  the  corallines  contain 
as  much  of  this  valuable  substance  as  the  bones  of 
mammalia.  A  large  proportion  of  the  bones  collected 
in  London  are  conveyed  to  different  parts  of  the 
country,  to  bo  used  as  manure.  The  sloop.s  and 
cutters  from  Hull  take  in  then-  cargoes  of  bones 
above  London  Bridge.  These  are  stowed  in  the  hold  in 
,1  more  or  less  putrid  state  :  here  they  ferment,  and 
diffuse  a  putrid  odour  to  a  great  distance  ;  and  when 
the  cargo  is  discharged  at  Hull,  they  arc  frequently 
reeking  and  smoking  from  decomposition.  This 
probably  softens  them,  and  allows  them  to  be  more 
easily  crushed  at  the  mill.  Bones  are  also  imported 
into  Great  Britain  from  South  America  and  other 
parts,  and  some  of  the  most  celebrated  battlc-liclds 
of  inir  i)\\n  tiiiiL'  are  also  said  to  have  furnished  cou- 
^i.Kiili'         ij        1  if  this  valuable  commodity. 

1  ou  remarks  that,  while  ioOlbs.  of 

h  '       'lir  soil  as  much  organic  matter  as 

■:    .         ;       i  s  aOO  or  iOOlbs.  of  blood  or  ilcsh, 

they  add  at  the  same  time  two-thii-ds  of  theii-  weight 
of  inorganic  matter,  consisting  of  hme,  magnesia, 
soda,  common  salt,  and  phosphoric  acid  (in  the 
phosphates),  all  of  which  must  be  present  m  a  fertile 
soil,  suiee  the  plants  require  a  certain  supply  of  them 
all  at  every  period  of  tlieir  growth.  These  substances, 
like  the  inorganic  matter  of  plants,  may  remain  in 
the  soil,  and  may  exert  a  benelicial  action  upon  vege- 
tation after  all  the  orgame  or  gelatinous  matter  lias 
decayed  or  disappeared.  In  order  to  bring  the  bones 
into  a  state  in  which  the  substances  contained  in 
them  can  bo  more  readily  taken  up  by  the  roots  of 
plants,  and  at  the  same  time  be  more  uniforndy  dis- 
tributed through  the  soil,  the  bone-dust  is  mixed 
with  one-half  its  weight,  and  sometimes  with  its  own 
weight,  of  sulphuric  acid,  dUutcd  with  from  one  to 
three  times  its  bullv  of  water.  After  two  or  three 
days,  with  occasional  stirrhig,  the  bones  are  entirely 
dissolved  or  reduced.     The  solution  or  paste  may  be 
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dried  np  with  charcoal-powder,  with  dried  or  charred 
peat,  with  sawdust,  or  with  fine  ve^refalile  soil,  and 
applied  with  the  hand  or  wiili  ilic  drill  t  >  tli.-  turnip- 

of  water,  aihl  li,  .  i  r.irt. 

Thi.   -fimnhf    .   t,  .        ,  ,   ,hom 


In  the  treeless  steppes  of  Tartary,  and  in  the  pampas 
of  South  America,  it  is  considered  that  the  bones  ot 
an  ox  will  nroduee  heat  enough  for  the  cooking  of 
its  flesh. 

Jfauy  poor  people  in  Loudon  gain  a  precarious 
livclihond  liy  enlhcfhi!^-  fragments  of  bone  in  the 
street-.,  wlii  1 1  :Im  ■  11  In  the  manufacturers  of  sal- 
amm.il,'.      i  '  m.irine  stores  also  purchase 

Ijone--,  -\  I  I  I    '  (if  in  a  similar  manner,  or 

to  tlie  -  ,  '  M- <  -  lih'  bones  thus  coUccied  are 
thrown  iulu  a  ejulilinu  of  water,  and  boiled,  for  the 
purpose  of  clearing  them  of  their  fat,  which  is  col- 
lected from  the  sm-face  of  the  water,  and  used  in  the 
composition  of  soap. 

Tlie  bones  are  then  thrown  into  large  retorts,  and 
subjected  to  destructive  distillation,  the  matter  of 
the  bone  being  resolved  into  its  constituent  elements 
from  which  new  compounds  arc  formed.  Some  of 
these  pass  off  in  vapour  or  gas,  but  the  fixed  priii- 
eiples  remain  in  the  retort.  The  volatile  portions 
are  carbonic  acid  and  various  combinations  of  hydro- 
gen and  carbon,  forming  different  kinds  of  iiifiam- 
niable  air,  together  with  water,  holding  carbonate  of 
ammonia  in  solution,  and  a  peculiar  oil,  which  is 
collected  and  afterwards  employed  to  feed  I  lie  lamps 
burning  in  small  close  chambers,  the  sides  of  which 
thus  become  covered  \\ith  LAiir-BL-iCK.  Towards 
the  conclusion  of  the  ia'nu-.s,  muiiate  of  ammonia 
and  sulphate  of  ^<  ill        >  "I     i! -■  1-dter  is  sepa- 

rated by  dissob. ,    .  ;  stalliziiiir,  ami 

the  former  (wliieh  i  .  t  lie  great  object 

of  the  manufaef  eii     '      I'l        'i 'i;  -ulilimation. 

The  mass  remaining  in  the  letorts  cmsists  of  the 
earthy  and  saline  portions  of  the  bone,  blackened  by 
the  e.-irbon  of  the  animal  matter,  m  which  state  it  is 
called  iroiy  hUiclc,  bone  bhick,  and  uiiii.iicl  churcnal. 
This  substance  has  a  remarkable  attraction  for  organic 
eolouiing  matter,  and  is  largely  used  for  removing 
the  colouring  matter  from  syrup  in  the  refining  of 
sugar,  and  in  the  pm-ification  of  many  other  organic 
liquors.  By  exposing  ivory  black  to  an  open  fire,  the 
carbon  is  driven  off,  and  the  bones  are  nearly  blanched. 
These  are  reduced  to  powder,  which  is  used  foi 
making  the  cupels  of  the  assayer  [See  Ass.vtisg],  also 
as  a  polishing  powder  for  plate  and  other  articles,  and 
also  by  the  manufacturers  of  phosphorus  for  making 
lucifer  matches. 

In  the  above  process  the  inflammable  gas  might  be 
collected,  purified,  and  used  for  gas-liglitmg,  in  whic!\ 
case  the  onlv  product  thrown  away  would  bp  the 
carbomo  aeid'. 
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BOOKBINDING. 


BOOKBINDING.  Tlie  demaud  toi  b'.cks  it  the 
present  period  of  our  liistorv,  so  gie.illv  exeeediBg 
that  of  any  former  time,  has  had  the  effect  of  bringing 
together  trades  which  before  were  scattered,  and  of 
supplying  by  macliinery  that  wliich  was  foimerly 
acconipKshcd  by  manual  skill  and  dexterity.  This 
is  the  usual  effect  of  a  greatly  increased  demand,  the 
conversion  of  trades  and  individual  occupations  into 
mamifaohu-es,  and  although  the  production  of  a  book 
handsomely  bound  in  cloth,  with  a  figured  or  embossed 
cover,  and  gilt  oniaments,  and  lettering,  wouid  seem 
to  depend  for  its  production  more  upon  individual 
skill  than  upon  large  and  complicated  machinery,  yet 
here,  as  in  so  many  other  cases,  the  manufacturer 
has,  to  a  great  extent,  superseded  the  mechanic. 

Nearly  all  the  trades  subsidiary  to  the  production 
of  a  book  have  passed  through  similar  mutations. 
The  paper  on  which  it  is  printed  is  no  longer  made 
by  the  slow  and  costly  process  of  moulding  or  framing 
a  sheet  at  a  time,  but  is  produced  with  wouderfid 
rapidity  by  means  of  highly  complex  and  ingenious 
machinery:  the  ink  with  which  it  is  printed  is  made 
in  vast  quantities  in  faetoiies  specially  devoted  to 
that  sole  object :  the  boards  which  form  its  sides  are 
a  distinct  object  of  nianufactwe;  the  cloth  which 
covers  it  brings  into  play  textile  machinery,  the 
most  elaborate  in  the  world :  the  printing  press 
which  works  off  the  copies  is  specially  adapted  to 
the  steam  engine,  which  sets  it  in  motion  with 
admirable  speed  and  precision.  Had  it  not  been  for 
changes  sach  as  these,  which  belong  almost  to  our 
own  day,  the  thirst  for  knowledge,  which  now  happdy 
pervades  all  classes,  could  never  have  been  allayed ; 
education  could  not  have  diffused  her  blessings,  and 
the  best  security  for  national  peace  and  order  would 
have  been  wanting.  In  all  these  cases,  the  machinery 
which  has  superseded  hand  labour  in  some  directions 
has  led  to  a  vastly  increased  amount  of  hand  laboxu- 
and  intelligence  in  other  directions.  There  is  now 
a  greater  demand  than  ever  for  type-founders  and 
for  compositors,  for  literary  men  and  for  artists ;  for 
engravers  on  wood  and  engravers  on  metal.  And 
if  in  the  binding  of  a  book,  the  workshop  has  ex- 
panded into  the  factory,  and  if  m.any  of  the  manipu- 
lations of  the  binder  are  now  superseded  by  maelunes, 
there  are  more  folders,  more  sewers,  nay,  there  are 
even  more  finishers  than  formerly  existed;  for  the 
great  demand  for  machine-bound  books,  so  to  speak, 
has  led  to  a  corresponding  increase  in  the  better 
descriptions  of  binding,  which  depend  almost  entirely 
on  the  taste  and  skill  of  the  workman.  The  same 
principle  is  at  work  tliroughout  the  useful  arts. 
A  successful  machine  may  supersede  certam  de- 
scriptions of  hand  labour,  and  cause  for  a  time  much 
privation  and  sufi'eruig,  but  it  is  sure  to  increase  the 
demand  for  labour  in  other  branches ;  a  well  ascer- 
tained fact  which  ought  to  be  constantly  borne  in 
mind  by  the  intelligent  workman.  He  ought  to  seek 
every  opportmiity  of  acquiring  skill  in  more  than 
one  department  of  his  trade,  so  that  shfuld  his 
services  in  one  dii'eetion  be  superseded  by  a  machine, 
he  may  be  able  to  apply  his  skill  iu  another. 


The  effect  of  machmery  upon  the  literary  man 
has  been,  and  is,  iu  many  respects  highly  beneficial. 
It  is  gradually  raising  liis  occupation  into  a  pro- 
fession, entailing  the  necessity  of  solid  acquirements, 
an  accurate  style  and  business-like  habits.  He  no 
longer  writes  under  the  uncertain  favour  of  a  patron, 
whose  smiles  must  be  purchased  by  the  sacrifice  of 
independence :  he  has  now  no  occasion  to  dress  Eke 
a  man  of  fashion,  or  take  charity  in  the  shape  of  a 
himiiliat.iag  "  list  of  subscribers  "  to  his  work.  The 
public  is   Ills  patron,    and    his  publisher  his  best 

Machinery  has  also  had  a  marked  effect  in  raising 
compositors  into  a  highly  intelligent  and  respectable 
class.  It  has  increased  their  numbers  and  improved 
their  efforts.  Men  who  are  constantly  engaged  in 
perpetuating  information  and  intelligence  must  to 
a  great  extent  become  infoi-med  and  intelligent. 
The  compositor,  the  reader  or  corrector  of  the  press, 
must  be  constantly  assimilating  some,  at  least,  of  the 
intellectual  food  which  they  assist  in  preparing  for 
the  world.  Their  labour  can  never  be  superseded 
by  machinery,  although  machinery  may  greatly  in- 
crease its  extent  and  importance,  and  just  in  pro- 
portion as  they  become  skilful  and  intelligent  do 
they  become  valuable  to  the  literary  man  with  whom 
they  are  so  intimately  comiected. 

TVhen  the  author  and  the  compositor  have  ac- 
complished then-  respective  duties,  the  one  in  supplying 
"  copy,"  and  the  other  in  "  setting  it  up "  in  type, 
the  manufaetuiing  processes  of  a  book  may  be  said 
to  begin.  For  the  sake  of  convenience  and  economy, 
books  are  printed  in  sheets,  the  sizes  of  which  are 
named  according  to  the  number  and  size  of  the  pages 
in  each  sheet.  The  largest  size  is  termed  folio, 
(Latm  folium,  a  leaf  or  sheet  of  paper ;)  the  next 
size  is  quarto ;  then  follow  octaoo  or  8to  ;  duodecimc 
or  12mo,  IGmo,  ISmo,  24mo,  32mo,  &c.,  which 
contain  on  one  form  or  side  of  the  sheet  2"  4,  8,  12, 
16,  18,  24  and  32  pages  respectively;  but  as  all  the 
sheets  are  perfected,  that  is,  printed  on  both  sides, 
these  numbers  must  be  doubled  to  give  the  actual 
number  of  pages  in  each  sheet.  Each  of  these  sizes 
also  admits  of  many  varieties :  thus,  an  octavo, 
although  always  consisting  of  16  pages,  may  be 
square  octavo,  royal  octavo,  sttper-roijal  octaro,  &c., 
which  leads  to  very  great  complication. 

The  arrangement  of  the  pages  of  one  side  of  a 
sheet  or  of  a  form  in  their  proper  order,  and  the 
wedging  them  up  in  an  iron  frame  called  a  ckase, 
preparatory  to  their  being  printed,  is  called  imposing 
a  sheet,  and  as  the  sheet  is  to  be  printed  on  both 
sides,  there  are  two  forms  to  be  imposed  for  every 
sheet,  an  inner  and  an  obiter  form  ;  the  outer  forai 
containing  the  first  page  of  the  sheet  or  of  the  book, 
and  all  the  other  pages  wliich,  when  the  sheet  is 
folded,  fall  in  their  proper  order  with  the  imier  form, 
which  contains  the  second  or  left-hand  page  of  the 
sheet,  and  all  the  other  pages  which,  when  the  sheet 
has  been  folded  and  cut  open,  fall  also  m  their 
(iiO(ier  order.  The  following  diagrams  will  serve  to 
ilhijtrate  some  of  the  most  important  sizes  of  sheets, 
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and  the  order  m  wliich  the  jiages  must  be  arranged 
iu  imposin?  the  two  forms  of  each  sheet.  It  will  be 
seen  that  by  examining  the  fohos  or  numbers  of  the 
pages  of  every  two  adjoining  pages  in  a  quarter, 
their  sum  makes  one  more  than  the  number  of  pages 
ill  the  whole  sheet :  thus  in  a  folio  1+4  =  5 
are  imposed  together ;  in  a  quarto  1  +  S  =  9 ;  in 
an  octavo  1  +  IG  =  17 ;  in  a  duodecimo  1  +  24; 
in  sLxteens  1  +  32,  m  eighteens  1  +  36,  and  so  on 
m  every  other  size ;  this  combination  continues 
through  all  the  other  adjoining  pages,  according  to 
the   order  in  which  they  lie  in  the   chase   to   be 

As  a  complete  book  or  volume  consists  of  a 
uumbcr  of  sheets,  properly  folded  and  following  each 
other  in  the  order  of  the  folios  or  pages,  it  is 
necessary  to  have  some  distinguishing  mark  to  each 
sheet  for  the  convenience  of  the  printer,  the  folder, 
and  the  bmder.  The  numbers  of  the  pages  would 
be  too  slow  aud  tedious  for  the  purpose ;  their  chief 
use  being  for  the  sake  of  convenient  reference  on 
the  part  of  the  reader.  The  printer,  therefore, 
inserts  at  the  bottom  of  the  fii-st  page  of  every  sheet, 
what  he  calls  the  signature  of  the  sheet,'  and  tlus 
usually  consbts  of  tlie  letters  of  the  alphabet,  the 
&st  sheet  being  usually  marked  b,  (a  being  reserved 
for  the  title,  contents,  &c.,  which  are  usually  printed 
last,)  the  second  sheet  is  marked  c,  aud  so  on 
throughout  the  letters  of  the  old  Roman  alphabet, 
which  did  not  contain  the  letters  jv  and  w:  these  ' 
are  therefore  omitted,  "n'hen  this  alphabet  is  ex-  i 
ha  listed,  tlie  twenty-thii-d  sheet  is  signed  A  a  or  2  a,  i 
the  twenty-fom-th  bb  or  2b,  and  so  on  to  the  end.  ■ 
The  third  alphabet  is  wi-itten  aaa  or  3  a,  and  so  on. 
It  is  also  used  for  the  pui-pose  of  guidmg  the  printer 
in  imposing  and  the  folder  in  folding,  to  insert  other  ■ 
minor  signatures  at  the  bottom-  of  the  third  page 
of  every  "sheet.  Thus,  if  the  signatm-e  of  the  first 
page  of  an  octavo  sheet  be  b,  the  signature  at  the 
bottom  of  the  third  page  of  the  same  sheet  is  b2, 
and  in  some  oases  the  tifth  aud  seventh  pages  are 
marked  respectively,  b3,  b4.  In  some  cases,  espe- 
cially in  books  printed  in  France  and  Germany, 
numbers  instead  of  letters  are  used  for  the  signatures. 
If  the  work  be  in  two  or  more  volumes,  the  number 
of  the  volume  is  added  to  each  sheet,  thus,  vol.  ii. 
B  would  be  the  signature  of  the  fii-st  sheet  of  the 
second  volume.  In  foreign  books  this  signature 
would  be  simply  n  1.  Iu  both  cases  the  number  of 
the  volume  is  inserted  at  the  left  hand  bottom 
corner,  and  the  letter  or  numeral  near  the  right  hand 
bottom  comer. 

In  imposing  a  sheet  of  twelves  or  duodecimo,  eight 
pages  in  each  form  are  arranged  together  in  tlie 
manner  of  a  small  octavo  sheet.  Above  these  eight 
pages,  with  a  wider  space  between,  four  pages  are  ar- 


ranged m  each  form,  formuig  what  is  called  the  offcut. 
In  folding  the  sheet,  these  four  pages  are  first  cut  off, 
and  the  remaining  eight  folded  like  a  sheet  of  octavo. 
The  offcut  is  then  folded  down  the  middle  twice,  and 
inserted  within  the  fold  of  the  sixteen  pages,  thus 
forming  altogether  the  required  number  twenty-four. 
In  a  sheet  of  this  kind  the  signatures  are  carried  to 
B  6,  B  5  being  the  first  page  of  the  offcut,  and  how- 
ever numerous  the  pages  may  be  in  a  sheet  with  one 
signatui-e,  if  they  are  all  inserted,  they  are  continued 
to  the  last  odd  page  before  the  midiUe  of  the  sheet, 
but  they  are  never  carried  beyond  tlie  middle.  In 
strictness  it  is  not  necessary  to  insert  more  than  the 
furst  two  to  indicate  the  fii-st  fold  of  the  paper,  and 
the  first  of  the  offcut.  The  others  only  disfigure  the 
pages,  and  are  not  of  much  use  to  the  folder,  wlio 
has  only  to  keep  the  signatures  ou  the  outside,  and 
the  pages  must  be  folded  coiTcetly.  In  French  books 
the  first  page  of  the  offcut  is  often  indicated  by  some 
small  mark  printed  at  the  bottom,  such  as  .  . 

Xo.  4  of  the  diagi-ams  p.  153  is  a  sheet  ot 
twelves  imposed  with  the  first  signature  of  the  offcut 
in  the  inner  form.  By  this  a;Tangement  it  rises 
more  conveniently  for  the  folder,  as  it  saves  her 
the  trouble  of  turning  the  offcut  over  every  sheet. 
No.  5  is  a  sheet  of  sixteens  to  fold  witnout  cutting. 
The  sheets  are  delivered  by  the  printer  to  the 
binder  2  in  one  of  two  arrangements.  Suppose  an 
edition  of  1,000  copies  of  an  Svo  work  is  to  bound  j 
the  printer  either  delivers  at  once  1,000  copies  of 
signature  a,  1,000  of  b,  and  so  on  to  the  end,  or  he 
causes  them  to  be  previously  ^c///;e;-frf  into  quires; 
that  is,  a  single  slicct  of  z,  supposing  that  to  be  the 
last  sheet  iu  the  book,  Ls  taken,  and  upon  this  is 
placed  a  single  sheet  of  y ;  on  this  is  placed  a  single 
sheet  of  x,  and  by  proceeding  in  this  way  in  a  retro- 
grade order,  the  gatherer  at  length  arrives  at  b,  the 
sheets  being  all  \a.  the  proper  order  for  folding.  He 
then  takes  the  title,  contents  &c.,  (signature  a)  and 
folding  all  the  sheets  together  into  a  quii-e,  lays  them 
aside  and  proceeds  to  make  up  or  gather  a  second 
quire,  and  so  on  till  the  whole  1,000  copies  have  been 
gathered. 

The  folding  is  perfonned  at  the  binder's  by  females 
educated  for  the  purpose.  They  are  seated  before  a 
long  flat  board  or  bench,  and  each  folder,  placing  the 
open  quire  of  sheets'  before  her,  and  with  a  folding- 
stick  or  paper-knife  iu  her  hand,  folds  the  sheet  in 
such  a  way  that  one  page  shall  be  exactly  opposite 
to  another  in  each  sheet,  taking  care  that  the  signa- 
tures shall  fall  properly.  The  folding  is  accomplished 
with  remarkable  precision  and  despatch,  the  result 
of  long  practice.  A  good  folder  will  fold  500  octavo 
sheets  per  hour,  but  the  usual  average  is  about  300. 
In  folding  twelves  nnth  an  offcut,  the  time  occupied 
in  folding  is  usually  doubled. 
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When  the  whole  ol'  the  iuipression  has  been  folded, 
(he  copits  aie  knocked  evenly  togethei,  ind  put  into 
a  liTiuobf  die  pKsb  foi  the  piupose  ot  compiessing 
them  mtu    i  conniact  fuim      If  the  woik  be  hlvvIv 


pnutcJ  cue  must  be  taken  not  to  illo^v  il.  uo   ft  f, 

as  the  flesh  mk  li  is  a  tendency  to  m  d  e  m  impiesMon 

on  the  opposite  p  ige,  as  -n"  is  gtni  i  vll>  flu   cisc  \  ifh 

new  books  when  corapits    cl    1       li  M    im  t      1, 

which  was  to  beat  them  on  i        1 1 

a  cast  lion  bell  sh  ipcd  haiim  i  1       i  I  1  1 

This  leqiuied  some  '-kdl     >  > 

dense  the  sheets  without  nn  1 1  i  i 

ot   the  haminei,  and  to  .i  i         m     ih 

polished  suiface     This  pi  ii     a 

pioved   some   ycnis    i 'o    1       \  i   ii   11  itloii 

Garden,  who  cent  1       I  i      '  ii^'  IdO,  con 

oistiug  of  two  IK  11  (        '                I    '  \ud  set  m  the 


'!m 


usiml  way  ^t  my  lequued  distT 
of  sheets  vai-^mg  from  6  to  1 1 
being  placed  between  two  1ii 


passed  through  the  rollers  This  method  not  only 
lendeis  the  papci  oinoothei  than  by  hammer-beating, 
but  the  comprc^Slon  of  the  book  is  ^th  greater,  a  very 
desu  iljle  objtct,  inasmuch  as  the  book-shelves  will 
contain  ufaily  ^th  nioio  books  These  superior 
cfltcts  IK  i'  o  piddiKcdby  theioUers  iii^thof  the 
tiiiii    II  I     1  I     1  iiiimci      This  method  is  now 

j.di  1  II  i\L  been  printed  some  time, 

111  \  Il  1     1  "ly  set,  and  also  for  books 

tint  n  1  I     1     n^ 

Altci  piciiiu^  loliiug,  01  hammering,  each  book  is 
collated,  to  see  that  all  the  signatures  run  properly, 
lud  the  plates  (if  any)  aie  mseited  ui  then-  proper 
]  '  1 1  s  'Ihr  waste  Icncs  aie  added  at  the  begiiming 
1  1  1 II  t  I  111  liiek  and  bead  aie  then  knocked  ii]) 
|ii  I  ill  iiL  side  of  the  book  is  placed  on  a 
1  111  I  ml  fit  the  size  of  the  book  itself,  and 
iiiulhii  siijul  u  boaid  is  bid  on  the  upper  side 
of  the  book,  takni^  caie  to  let  the  back  of  the  sheets 
pidjcct  about  hdl  an  inch  between  the  two  boards. 
Ihe  woiknun  then  giasps  tlie  bonds  firmly  between 
I  lie  tliimib  «id  hngeis  of  the  lelt  hand,  and  lowers 
tl  cm  into  the  cutting  piess  Fig  167,  which  consists 
ot  two  stioug  woodui  cheeks  c  c  connected  by  two 
sbde  l)us  b  b,  and  two  wooden  sciews  s  s.  The  use 
ot  the    two   -uilc   on   one  of  the   checks  will  be 


explained  heieaftci,  but  it  may  be  lemaikcd   that 

when  these  guides  aie  not  wanted,  the  pi  ess  is  turned 

completely  over,  so  that  these  guides  may  be  at  the 

bottom,  and  out  of  the  way     When  the  sheets  are 

lowcied  between  the  checks  c  c,  the  press  is  screwed 

up  tiglit  bv  working  an  uon  b  ii  m  the  heads  of  the 

scuws      The  nnn  then  pisses  a  tenon  saw  across  tlia 

li  tk   of  the   sheets,  so   as   to   make  a  number  of 

,11  i)\es,  accoidiug  to  the  size  of  the  book,  for  the  rc- 

I  ( I  lion  of  thf  colds  01  bands  foi  holding  the  threads 

III  I'll     (  Mil,  and  also  foi  bccuuug  the  boards  which 

1     1  nil  ilic  sidecoNcis     The  miiiiber  of  bands 

il  I    11  I      ii|     1   the   style   of  binding   or  method  of 

I       i'     1  Hik,  pciiodicals,  such  as  the  Quarterly 

I         1     h  RcMcw,  and  boaided  books,  or  books 

'i    \m,c  only  two  bmds.     But  in  tlie 

,    iins    of   hmdnia'    32inos   sometimes 

I  I  iiiiK     l^iiin    Pino    8vo,  and  two-leaf 

I         '  111'  1  (    I  \o  rind  whole  sheet 

I  I  II  '       111     'i  II    ,  1  ,  7  bands.     Tnad- 


1  Is,  n 


is  also 
stitch. 
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stout  flat  board  b  ^  contuiiiing  an  upright  screw  s  at 
e^icli  end  supporting  a  top  rail  ;•  whicli  rises  and  falls 


on  the  screvrs  by  means  of  nuts  ti  n.  Attached  to 
this  rail  are  several  cords  corresponding  with  the 
grooves  sawed  in  the  back,  aud  these  cords  are 
secui'ed  by  being  fastened  to  brass  keys,  one  of  which 
is  sliowu  in  rig.  1G9,  passed  through  the  aperture  in 
!  bed  of  the  press,  while  they  are 
d  by  turning  the  nuts  n  n,  so  as 
the  top  rail.  The  book  to  be 
1  (^k  /  Fowcd  being  placed  on  the  board  h  with 
J^^  (  the  title  uppermost,  the  sewer  first 
takes  the  fly-leaf  or  end  paper  if  such 
there  be,  or  sheet  a  of  the  book,  and 
•er  so  that  the  title  page 
way  lie  with  its  face  on  the  board,  slie  1 
tig.  itffi.  places  the  grooves  in  it  so  as  to  cor- 
respond with  tlie  stretched  strings  or  bands.  She  ; 
then  passes  the  left  hand  into  the  opening  of  the  ' 
sheet,  and  with  the  right  pushes  the  needle  tin-ough 
the  right  hand  kettle-stitch ;  the  left  hand  receives  I 
the  needle  and  returns  it  out  through  the  first  j 
groove  above  thestretched  string;  tbe  right  hand  di-aws  ] 
the  needle  completely  through,  and  passes  it  through  j 
the  same  groove  below  tlie  stretched  string ;  the  left 
nand  takes  the  needle  aud  passes  it  through  the  second  ; 
groove  above  the  string,  and  the  right  hand  returns 
it  below  the  second  string ;  and  lastly,  the  left  hand 
returns  the  needle  through  the  bottom  kettle-stitch.  ' 
Tlie  thread  is  then  di-awn  so  as  to  he  evenly  in  the 
angle  of  the  sheet,  a  small  piece  beiug  left  projecting 
through  the  back  at  the  top  kettle-stitch.  The 
sewer  tlien  takes  the  second  sheet,  and  turning  it 
over  upon  the  fii-st,  inserts  the  stretched  strings  into 
the  sawed  grooves  at  the  back.  She  passes  the 
needle  through  the  bottom  kettle-stitch,  and  proceeds 
as  before,  passing  the  needle  in  and  out  round  the 
bands,  only  proceeding  up  the  sheet  instead  of  down. 
When  the  needle  comes  out  through  the  top  kettle- 
stiteh,  the  thread  is  drawai  tight  and  secured  by  tying 
it  into  a  knot  with  the  end  projectmg  from  tlie  first 
sheet.  These  two  sheets  form  a  sort  of  foundation 
for  the  subsequent  sheets,  which  require  a  less  elp.bo- 
late  sewing.  Two  sheets  are  taken  at  a  time,  and 
the  thread  is  drawn  through  the  grooves  of  each 
alternately.  Passing  the  needle  through  the  top 
kettle-stitch  of  the  lower  sheet,  then  out  above  the 
fii-st  band;  then  into  the  upper  sheet  below  the 
Qrst  band;  then  out  above  the  second  band;  then 
below   this   buid   into   tlie   lower   sheet ;   tlien   our 


through  the  kettle-stitch  of  the  lower  sheet ;  and 
lastly,  this  lower  sheet  is  secured  to  the  previous 
sheet  by  passing  the  thread  round  its  lower  kettle- 
stitch.  Two  more  sheets  are  then  taken,  and  in  this 
way  the  sewing  is  continued  with  great  rapidity. 
When  one  length  of  thread  is  nearly  exhausted, 
another  is  taken,  and  joined  to  the  former  by  a  knot. 
Tliis  kind  of  sewing  is  called  up  and  down  work,  and 
presents  the  following  arrangement  in  the  sheets  of 
tlie  book, — 


the  sheets  showing  two  threads  and  one  thread 
alternately,  as  the  reader  wiU  find  by  examining  any 
boarded  book,  or  a  book  bound  in  cloth.  When  the 
sewmg  of  one  book  is  completed,  the  thread  is 
secured  at  the  kettle-stitch,  and  cut  off.  A  second 
book  is  sewed  upon  the  first,  upon  the  same  bands, 
until  the  press  is  full.  The  bands  are  then  loosened 
by  slipping  off  the  keys,  and  the  books  are  separated 
from  each  other  by  severing  the  bands,  care  being 
taken,  for  some  descriptions  of  binding,  to  be  noticed 
hereifter,  to  leave  a  sufficient  portion  of  the  bonds 
projecting  on  each  side  of  each  book  foi  the  purpose 
of  "seciuing  the  boards 

There  are  Miious  kinds  of  sewins  dipendm?  on 
the  size  of  the  boot    Tnd  the  stvle  of  the  bmdu  g 


The  commonest  kind  ot  sciMug,  such  as  mc  have 
attempted  to  describe,  is  colled  seww//  two  ^ieeh,  or 
1.])  and  down  moii  In  some  kinds,  of  fine  bmdmg  the 
sheets  are  sewed  all  along,  and  only  one  at  a  time ; 
tliat  is,  the  thread  is  passed  round  every  band,  so  that 
supposing  there  were  three  bands,  the  sewing  in  every 
sheet  would  present  the  following  appearance : — 

Wliere  it  is  an  object  to  compress  the  book  mto  th.-3 
smallest  possible  compass,  tine  silk  is  used  instead  of 
thread,  as  occupying  less  space.  To  prevent  injury 
to  the  book  bv  sawing  grooves  for  the  bands,  which 


Ilie  sheets  by  tbs 


oau3c  tLe  book  to  wear  out  much  faster  (foi  the 
ho'cs  thus  made  gradually  eidaine  m  size  imtd  the 
book  f  lUb  to  pieces  )  a  method  of  sewiii^'  is  adopted 
without  any  giooves  tapes  beuig  used  mstead  of 
stiin£;s  Iho  only  holes  made  ii  ' 
method  arc  tho  .  c  f  fla  n  fdl 
and  out  above  mil'       i  u  1  i  wn  ' 

forms  hci  own  k  1 1  I  In 

kind  of  se^\mg  i  I  1  n  b 

moiecaie  thmth    I         ,   i  t         i     i  „ 

andflh°n\^clldoiicth(  (IkU  1  c\(Lll(iit  luibythib 
phn  the  book  opens  flat  at  any  pait  the  fold  ot  tlie 
sheet  staitmg  up  fully  to  view  when  the  book  i 
opened  I 

"V\hcn  the  books  aie  folded  and  sewed  thev  pibs 
from  the  female  to  the  male  dcpaitment  of  the  csta 
bhslment      IW  Gist  thiii^  tint  i    d  m(   is  to  sccuu 

tleSCXMl,      1       1  I     I  1,1,         Mltl.L   bicl 

of  carlil  ,  iih  a    hrul  ol 

paper     ,  ,,,     si/f  ot  the 

bacl       ll    1        1  II  ,    1  n   bound  m 

cloth  cim  as  is  used  ol  the  xme  length  as  the  back 
but  about  hall  oi  thiee  quarteis  of  anmchwidei  on  each 
side  the  piojectmg  pieces  senmg  to  secure  the  side 
bo  lids,  ab  will  be  noticed  piesentlj  When  the  ^luo 
is  diy  the  book  is  laid  ilat  between  a  couple  of  | 
boaids  and  the  piojectmg  sitle  and  bottom  edges  aio  I 
cut  oli  tolerably  tiue  \ntli  a  large  kmft  ki  |  f  sh  ii[ 
by  fiequtnt  whetting  on  a  diy  stone    Ih    1  ii 

sLtetb  are  not  cut  thiough     the  ouh     '  i   i 

Iriinmmg  being  to  gne  tlic  book  a  ut  it 
Then  comcb  the opeiation  ot  louiidmg  th    1  I     i 

is  done  by  placmg  the  book  on  its  flit  uil  m  ml 
drawing  the  back  on  one  side  gently  tappm^  it  ■nitli 
a  bioad  faced  hammer  (he  book  is  then  tiuued  o\ti 
upon  its  othei  surface  and  the  opeialicu  ujie  ed 
by  which  means  the  back  is  biought  into  a  convex 
form  Each  book  is  then  placed  sepai  if  c  h  1  etw  ce n  i 
couple  of  boaids  with  the  back  pi  ojecUn  luJisIIu 
loweied  into  a  scicw  piess  which  is  scic  u  '  i  |  i 
The  workman  then  by  a  succession  ot  1 1  I 

somewhat  obliquely  up  and  down  one  SI  1     m,     l 
depic  seb  til  it    ide    ind  e  uises  a  iidgo  t    lijel         i 
the  bo  11  I     I  i    ,  I 
side  bN  X  1 
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economise  labour  the  pile  which  constantly  v  mes  in 
size  is  made  to  lest  ujion  a  numbei  of  boaid'!  which 
dinnnisheb  the  ri  stance  between  the  uppei  and  lower 
beds  of  the  press  Theie  the  books  aic  left  for 
some  houis  to  nndeigo  the  icquisito  r, 


11  ilie  sdid  substiiiee  of 
hmeloi  in  sheets  valuing 
|i    toi  the  siinllei  sizes, 


ll   operation  oi  the,  e  1 
k  IS  depressed  at  the  I 
1  lie     a  few  gentle  t 
liiUg  blows  at  the  si 
its  effect  lb  to  foim 
1  >ove    the  concavity  of 
oiiv  e\ity  of  the  back  and 
,vo  bound  iiy  Imes  of  the 
le  covcib  ot  the  book  to 
en  suit  ice  at  the  sides 
The  books  aie  now  to  bo  pi  iced  m  thm  cases   and 
the  outside  flyleaf  bemg  pasted  to  the  bonds    the 
books  are  built  up  between  wooden  boaid     the  backs 
of  the  books  outwards  and  piojectmg     md  this 
is  placed  m  what  IS  called  a  itof/wy  7)  (5v  (li^  171) 
consisting  of  a  well  oiled  uou   sciew   woiknu 
a  nut    and  the  upper  bed  of  the  picss  is  scit 
down  with  gieat  foioe  by  me  aib  of  an  uou  b  i 
seitea   into   the   imeited   he  id   of  the  scicw 


cempli. 
side  c  1 

the  grooves  Ioilr  I  it 
back  allow  the  boaids 
,s  to  pieseut 


ibcoveiedwithahoiuontal  plate  oi  t  ible  foi  holding 
the  boaid  At  the  mnci  edge  of  this  table  i=  a  hold 
fast  01  bai  of  met  d  extending  aeioss  the  fiaiue, 
movuig  on  a  hinge  at  the  opposite  side  and  connected 
by  a  hmged  lever  on  the  ncai  side  with  a  treadle 
The  lowei  suiface  of  this  b  n  i  fuiiii  lied  with  file 
teeth  foi  holehng  the  bi  i  I  i  i  T  ,  1  \  n  1  this 
holdfistisabfiiight  fi\i  1  1  lilting 

edge  and  by  the  sielo  of  tl,  i  i  1  uile, 

momited  on  an  a\ib    md  11         ,  I  t   it  the 

fuitherbiele  and  lunubh  d  witli    i  li  iiulii    it  lU>  n-'ir 


loS 
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side  The  ed^e  ot  (his  cuived  bii  foims,  with  the 
fi\ed  bii  111111  ct  she  lib,  foi  cutting  the  boiids 
III  1  I  111  propel  distance,  tliehoaid 

IS  1  I  '  I  1      and  its  lOugh  edge  is  fiist 

cui  I  i)\   bhdmg  the  boaid  along 

until  111  1  1.,  I  I  '  I  J'-'  l^  beyond  the  shears  The 
nnn  then  pulb  lub  tnot  on  the  tieadle,  which  biings 
the  hohll  ibt  down  lud  secuKS  the  board,  he  next 
loiCLS  lh(  cuncd  bhdo  do\^n  agiinst  th.  fixed  Huh, 
which  cuts  the  boaid  to  a  clean,  sm  I 

leli  ismg  the  boaid,  by  hftmg  his  1 
lud  1  ising  the  knife,  he  passes  tli    1 
gauge,  which  is  fui lushed  with  an  i  i  t 

ind  stops  its  fuithei  piogiess  tht  b  lul  is  cut 
thiough  as  befoie,  the  piece  iaUiug  into  the  bin  be 
uc  ltd  In  this  way  the  bo  ud  is  cut  up  into  three 
01  lour  long  stnps,  the  other  long  edge,  nearer  the 
kit  hand,  being  cut  off  while  it  rests  on  the  table 
\.  iiumbei  of  boards  being  thus  cut  up,  each  strip 
being  sufBcieut  foi  two,  thice,  fom,  oi  more  boards, 
the  stripb  lie  agam  passed  through  the  sheais,  and 
cut  to  the  propel  size  of  the  books  they  aie  intended 
t  -i  coi  ci  Such  IS  the  piecision  of  this  machine,  that 
when  aU  the  pieces  thus  cut  aie  pded  up  and  knocked 
td^ethci,  they  appear  to  loim  a  sohd  paiallelopipedon, 
with  pcifectl>  shiup  edges,  m  consequence  ot  all  the 


fied  with  his  aiiaiigement,  he  pioeeeds  to  emboss  the 
leathei  pieces  cut  to  the  piopei  siz^  for  covcung  the 
book  In  ordei  that  he  md,y  place  the  leathci  e\ciii ' 
m  the  press,  so  as  to  iecei\e  the  unpiession  m  tlii; 
exact  spot  lequiied,  the  lowei  die  is  fmmshed  with  a 
mdlboard  collar  (Pig  173),  so  that  all  he  has  to  do  is 
to  place  the  leathei,  face  downwards,  ou  the  squaie, 
or  whatever  figure  it  maybe,  which  is  the  exact  size 
of  the  leather,  makmg  the  two  upper  conieis  of  tlie 
h  ithei   comcide  with  the 

ineis  ab  oi  the  coUar         _^  _  ^ 

I  his  bemg  done,  the  em    "  fe^ 


whoi? 


eated  u 


pitbcfoietheii 

the  man  on  the  floor  abo\  e  ^ 

to  woik  the  pi  ess     This     I ^ 

man  swings  round  the  pon       ^^~  -^ 

deioub  arm,  fuinibhed  w  ith  ^n,^^^-"^^ 

two  huge  balls  at  its  c\  f  g  \-,\ 

tiemities,  and  by  the  weight  as  well  as  the  ceutn- 
fugil  force  of  this  arm,  the  uppei  bed  is  jerked  down 
upon  tlie  lower  one,  and  the  leathei,  m  an  instant, 
takes  the  imprebsion   of  the   die     Every  piece  of 


l'i« 


ot  the  book  may  be  of  leathei  oi  c  f  1 1 
mt  m  eitlici  case  it  is  ornamented  at  the  li  ' 
iides  with  I  pattern  enclosed  witlim  a  h_  n 
loweled   1)  id  1    with   allien  ut  te   lm,s    ml 


to 


1  pi.l 


situated  in  the  cellar  oi  the  c«;tabli  li  I 

of  a  solid  uon  frame,  icstmg  on   i  I  I 

and  well  sccuied  by  non  ties      The  1  b    I    I  il 

piess  (also  of  non)  is  pcifoiated  with  two  opeimi,,  , 
into  which  a  gas  pipe,  formed  like  a  foik  with  two 
piongs,  and  connected  with  a  flexible  tube,  is  m 
seited,  foi  tin  pnipo  e  of  heating  the  lower  bed, 
uprn  which  the  metal  the  contammg  the  pattern  lo 
pliced,  aid  1)\  this  means  the  cbe  lb  kept  at  a 
tolcribly  steiU  high  tempciaturc,  which  is  found 
mobt  fa\ouiablc  foi  embossmg  The  dies  are  formed 
either  of  steel  oi  biass,  the  latter  being  the  more 
common  The  dies  aie  cut  oi  chased  by  hand,  but 
loi  some  jiatteiub,  coubibtmg  of  iftrul  I  cuims  (1ii\ 
can  be  moie  i coiiomicallj  tnini  1  i  i  1  li 
whieh  rase  bi  iss  must  be  used  i 
win  h  IS   all  ichcd  tn  the  upj  pi  i       |  i 

I  nimibi  1  I  1  I  I  glueing 

ihemtoth    su,  1        uniging 

the  amib  oMIi    |  i     i    i    i(      I  il        ot  tne 

millboiid  lb  bioii^ht  dmn  with  iiii  l\\\^  loice  upon 
the  metal  die,  and  the  softei  mati  ual  takes  the  im- 
pression of  the  harder  The  man  then  cuts  and  turns 
and  adjusts  the  countei  die,  eveiy  now  and  then 
taking  impressions  on  papei  ,    and  \\hen  he  is  sit  is 


leathei  lequuestobe]  iilu  tin  iluoughthe 
press, — once  foi  the  birk  which  is  of  course  of  a 
different  pattern  to  the  sides,  and  once  foi  each  <  f 
the  sides  If  the  two  bides  aie  of  the  same  juttein, 
ib(  nun  riiibos  is  ill  the  loatheis  on  one  side,— sij 
1 1     1    I  -    1  I  I  1  to  sa\  0  the  necessity  of  turu- 

1  Ijustrng  the  die,  he  cairies  the 

I  I        1  le  ot  the  press,  and  then  works 

Cloth  <    \  II  1  the  boards  are  m- 

serted     lli  "  consiuued  m  such 

enoimous  qn  i  i  n  \        '  m  ling,  is  mannfaetnied 

for  the  pmiiuse  in  "Man  lu  tc  i  .md  is  sent  up  to  the 
London  dealers  m  the  uiticlc,  who  dye  it  of  vaiious 
colours,  and  glaze  or  caleudei  it,  and  send  it  to  the 
binders  m  rolls  oi  pieces,  each  foity  yards  long  and 
tliiity  SIX  mehes  wide.     The  cloth  is  cut  up  to  the 
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proppi  size  of  the  covei  iu  extia  cjuaititj  being 
allowod  tor  tlie  o\ eilap  \\  itluu  the  boards  The  cases 
are  then  made  up  \nth  great  lapidity  by  two  men 
one  of  whom  co\eis  the  mb  de  with  a  laTei  of  glue 
then  places  two  mdlboaids  m  then  pioner  position 
on  the  cover  so  as  t  f  I  c  1  ff  Ic  the  space 
between  the  two  d  |      I  i  the  thick 

ness  of  the  book      II  co^er  o^er 

anl  rubs  the  clofl  1  th  lubbei 

shaped  sometlun     111  11  i   used  m 

colour  iinndmg  11  tl  i  I  c  tl  o  e  \pitoaman 
\  ho  placeb  a  "tup  of  paper  oi  canriss  along  the 
In  ide  of  the  back  between  the  two  boaids  and  then 
folds  down  the  piojectmg  ed"-es  of  the  cloth  over 
Che  boaids  sniootlung  them  down  with  tl  e  e  Ige  of  a 
fla*-  piece  of  stick  with  a  blunt  point  at  each  end 
and  then  1  v  i  "  tl  o  j  t  ol  the  stick  down  the 
boimla  \  \  11   and  the  sides     The 

TVIici  d  are  peifcctly  div 

tl  ey  aie  I        1  llie  ornaments  which 

aie  siiijlj  iiol  i.d  1)  i  icbsme  aie  called  /'  d 
'lockn//    and  when    done    by  hand    hhidtooUn/ 


nhdo  the  gilt  ornaments  oi  letteiug  aie  called yo  / 
block  J  or  gold  took  g  The  machines  e  iployed  m 
both  desci  ptions  of  ornament  aie  caUel  blocli  j 
9  resses  and  tl  e\  d  uot  gieatly  diffci  except  in  powci 
fiom  the  fl  1  s  alieady  described  The  orna 
1  enf al  ]  att  m  t  i  the  back  oi  sides  is  ci  t  c  t  n  a 
thick  pJate  01  block  cf  biass    and  ill  1 

uppci  bed  of  the  pi  ess  by  means  of  a  1 
This  uppoi  bed  is  fninished  with  a  ca 
a  gas  p  pe  with  a  low  of  jtts  for  he  it 
conduction  of  heat  from    he  ujpei  b  U       1  th 

covers  aie  uiserted  within  iietd  rides  which  tive 
as  a  gauge  by  a  man  who  sits  betoie  tl  e  pies    wh  le 

liothei  man  swings  lound  witl  11  his  sf  ength  a 
long  le\ei,  wheieby  the  upj  ei  bed  is  biou^^ht  down  a 
tew  inches  upon  the  case  m  the  lower  bed  and  em 
losses  the  imjiesson     "niien  the  cases  aie   com 

lett-d  m  this  way  tl  ey  aie  t  iken  to  tl  e  ^il  1  i     w  1  o 


co\ei  the  paits  intended  to  be  gilt  with  a  thin  layer 
of  ov  Jbui  len  oi  white  of  egg,  ciilled  glahv,  and  then 
with  a  film  of  leaf-gold.  [Sec  Gildikg.]  The  covers 
aie  then  passe  I  to  a  gold-blocking  press,  (i'ig.  175,) 
containing  a  plate  or  block,  iu  which  are  set  up  the 
lettermg  and  other  oraamciits  intended  to  be  gilt, 
Tl  e  Ictteis  may  either  be  sol  ii^  i,i  i,,-',,'^  ;v|ir,  oi- 
cut  out  of  one  solid  picrr  ^'i   !■;  I  '   "nua- 

n  ents  tie  lattei  coui-se  is  :i-l  i         '    ik  is 

he  ted  by  jets  of  gas  pl;i\iii;j'  i  i  :•  r,,.,  n;.  i,[  the 
uijei  bed  and  the  cover  being  carefully  introduced 
mto  a  gauged  bed,  the  man  moves  a  handle  round, 
which  bimgs  the  heated  plate  with  a  gentle  and 
equable  pressuie  dovni  upon  the  cover,  and  perma- 
nently fixes  the  letters  or  device.  As  the  covers  are 
removed  they  aie  taken  by  a  boy,  who  wijies  oft'  the 
s  iperfluous  gold  with  a  piece  of  thick  rag,  which 
thus  giadually  absorbs  the  fragile  leaf,  and  in  the 
course  of  two  or  three  months  this  rag  is  so  valuable 
that  it  IS  sold  foi  perhaps  20i.  or  30s,  to  the  gold  re- 
fnei  who  burns  it  in  a  covered  crucible,  and  thus 
recovers  the  piecious  metal. 

The  coveis  thus  formed  are  uext  adjusted  to  the 
books  which  we  left  m  the  staudiug-press.  The 
eo^  CIS  lie  secured  to  the  books  by  glueing  the  canvass 
strips  which  pioject  on  each  side  of  the  back  to  the 
boards  and  to  conceal  this  ariangemeiit  as  well  as 
the  unc  i  1  i  nits  cf  the  boards,  and  also  to  give 
a  1        I  me  coloured  papei  called 

/  Ihe  books  aif   lastly  put 

t       I  a  few  houi-    and  may 

II       1  111  1 

\\  \  tl  til  I  the  \aiious  pioLtsses  con- 
cerned n  b  udinst  a  cloth  boauled  book  They  consist 
of  g  then  ig  follmg,  and  sewing  the  sheets  ,  glueing 
u  1  loun  bug  tl  c  backs ,  cutting  the  edges ,  makmg, 
t  ilossma;  andgddiugtheco\eis,  aiidhsth,  sceuiing 
tl  c  co\eis  to  the  books  In  a  laigc  establishment, 
such  as  Messis  Remnant  s,  thi  \\1  li  im]  ir'^iion  of 
in  oet^^owork   consistnu     Mil  u  be 

done  uf  m  cloth  ui  the  con  in 

which  case  howevei,  the  cl  da 

day  01   two  bcfoie,  all  tlu    n  I  i        1  iui 

the  puiposc  beiug  the  thickness  i  t  the  In  i  k  \\hich  is 
kno  vn  by  statu.g  the  numbei  of  sheets  contained  lu 
it  Tie  title  and  the  style  of  ounmint,  coloui  ot 
the  cloth  ic  are  also  detenniued  A  thousand 
coveis  01  cases  can  be  prcpaied  in  one  oi  two  days 
The  book  itself  can  be  folded,  stitched,  glued,  and 
1  u  led  the  edges  tiunmed,  and  the  book  mounted  m 
Ipiessed  all  witliin  six  hours.  This  is  indeed 
iduiaiy  example  of  the  power  of  numbers  of 
1  orkpeople,  and  the  effect  of  a  refined  system 
b      on  ot  laboiu'. 

1 1  e  method  of  binding  thus  far  described  applies 
c'uefly  to  those  books  which  are  issued  in  large 
numbeis  and  whether  the  covers  be  leather  or  cloth, 
thcie  is  no  ^eiy  great  dift'erence  iu  the  methods 
adopted  In  leather  bindings,  such  as  in  Bibles  and 
Prayei  Books  the  edges,  instead  of  being  trimmed 
with  a  kn  fe  as  before  described,  arc  cut  through 
w  ith  -xjlo  jl  so  that  there  is  no  necessity  for  eutt;ing 


iGO 
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open  the  book  before  readmg  it.  The  bookbinder's 
plougli  consists  of  two  upright  cheeks  of  wood,  c  c, 
(Fig.  176,)  couuectfl  together  by  a  wooden  screw  s, 
and  a  couple  of  guides  b  6,  fixed  into  one  cheek,  ind 
moMng  in  squaie  lioles  m  the  othei  The  screw 
p-i'-.^es  thiou  h  hrfh  cli  tl'^   «J  thit  by  tunun^  it 


rouuJ  m  ouc  diitclion  tht  chetk 
togcihti   and  in  the  coulriiy  diicction  -ujM.d  I  it!  li 
apiit     Into  one  of  the  cliecks  it /i  lb  hxed  a  cutting  , 
kmk    (ti^   177)  d  double  edged    pointed  bhde   ot 
nhich  tMofoimsaie^ntn    The  book  to  be  ]  1      lil 
lb  phced  between  a  cou^'e  of  boiids  m  tl 
with  the  edges  piojccting   is  much  as  ib  i 
and  one  of  the  cheekb  being  phced  m  a  gio  \ 
lies'-  the  p  int  ot  the  kiiife  lb  brought  U] 
book  and  ii  o\cd  bickwiids  and  foiwaids 
tht  woil  mil   it  the  siiiie  tune  giving  the  1 
thesciew  i  twist  -which  idvinces  the  knik  I   i 
untd  the  cutting  is  completed  (Pig  178  1    The  white 
edges  01  the  book  in  common  binding  ire  then  spn  i 
NeJ,   wheicbv  thit   speckled  or  mottled  ellect   is 
qHcu  to  them,  which  pievents  them  fioni  soiling, 
and  also  improves  the  appearance  of  the  book.     This 
is  done  by  mixing  up  some  coloured  chalk,  uinber, 
Venetian  red,  or  ochre,  in  a  little  size  and  water,  and 
dipping  a  brush  into  the  mixtm-e,  so  as  just  to  -wet  the 
hairs ;  the  man  holds  a  long  piece  of  wood  a  few  feet 
over  the  books,  and  dashes  the  haii-s  of  the  brush 
against  it,  which  causes  a  shower  of  minute  drops  of 
colour  to  rain  down  upon  the  edges  of  the  books,  a 
number  of  which  arc  set  up  together  for  the  purpose. 
When  the  desured  effect  is  produced  on  the  top  edges, 
the  books  are  turned  over,  and  the  bottom  edges  are 
treated  in  a  similar  manner,  the  man  turning  up  one 
of  the  finished  edges  every  now  and  then,  to  see  that 
he  is  producuig  the  same  tint  of  colour  at  the  bottom 
as  at  the  top.     The  side  edges  are  done  in  the  same 
way,  and  the  colour  is  fi.\ed  by  placing  the  books 
in  the  bench  press,  and  passing  an  agate  bumishf 
over  the  edges,  which  produces  a  high  polish,  and 
prevents  the  colour  from  beuig  removed  by  ordinary 
use.    By  these  simple  and  expeditious  processes 
cheap  and  useful  ornament  is  added  to  the  books. 

Lr  the  better  class  of  binding,  as  in  whole  bound 
calf,  gilt  lettered,  with  raised  backs,  the  boards  are 
added  after  the  glueing  and  rounding  of  the  backs, 
for  which  purpose  the  sewer  leaves  small  projecting 
pieces  of  string  bands.  The  boards  being  cut  to  the 
proper  size,  a  couple  of  holes  are  made  in  each  board 
with  a  brad-awl,  opposite  each  band,  and  the  string 
being  passed  through  these  boles  is  secured  witl 
glue.     In  a  book  of  three  bands,  the  boards  are  helc 


by  six  str'mgs,  three  on  each  side,  and  each  board  is 
of  course  pierced  with  six  holes.  The  books  are  then 
put  into  the  standing-press  for  a  few  hours,  after  which 
the  edges  ire  ploughed,  (Fig.  17S,)  the  boards  being 
shghtly  depressed  below  the  edge  to  be  cut  off,  the 
strings  lUowing  them  i  little  play  befoie  the  cover  is 
put  on  In  cutting  the  side  edges,  the  workmtn 
tikes  cue  to  pieseive  the  concavity  produced  by  the 
lonndnig  fni  which  pmpose  he  flitt°nb  the  back  b) 
Pit  '  1  twtenthe  edges  of  the  boaids, 
1  li  mg  down  loose,  ind  the  back 
I  ilk  betw  ecu  a  couple  of  boards, 

1  withdraws  the  flat  tool,  then 
1  «cib  it  ml  the  picss  ind  screws  it  up  tightly 
I  V  thus  flattemng  the  back,  the  edges  become  flai 
iloO,  and  when  they  have  been  plouehed  ind  the  book 


is  taken  out  of  the  press,  the  back  svaits  into  shape 
again,  and  the  side  edges  become  concave.  After 
this,  the  edges  are  gilt  or  marbled.  In  gilding,  the 
book  is  secured  betw  ecu  a  couple  of  boards  in  the 
press,  and  the  edges  being  covered  with  glaire,  a 
layer  of  gold  leaf  is  laid  on,  and  the  agate  burnisher 
being  weU  nibbed  over  every  part  across  the  edges, 
secures  the  gold  leaf,  at  the  same  time  giving  it  a 
beautiful  polish.  WTieu  aU  the  edges  are  thus  gilt, 
paper  is  wrapped  round  them,  to  prevent  them  from 
getting  soiled,  'mien  the  edges  are  to  be  marbled, 
the  books  are  sent  out  to  the  marbler's,  who  produces 
the  effect  of  marbled  paper  by  the  following  con- 
trivance. A  trough  about  two  inches  deep  is  filled 
with  clean  gum-water.  Various  coloured  pigments, 
ground  in  spiiits  of  wine,  and  mixed  with  a  small 
quantity  of  ox-gaU,  are  thi-own  upon  the  surface  of 
the  gum-water,  and  disposed  in  various  forms  with  a 
quill  and  comb,  according  to  the  desired  pattem. 
This  being  obtained,  the  book  is  tied  between  two 
boards,  and  the  edges  being  dipped  into  the  trough, 
the  floating  colours  become  attached ;  cold  water  is 
then  dashed  over  the  edges,  which  sets  the  colours, 
and  brings  them  out  clear. 

The  book  is  now  ready  to  receive  the  heiid-band, 
which  seiTCs  as  a  finish  to  the  top  and  bottom  of  the 
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sheets,  and  assists  in  keeping  the  upper  and  lower  parts 
cf  tiie  hollow  Lack  in  shape,  when  the  book  is  closed. 


fixed  by 
>  in  Fig.  179, 
n  edge  at  tlio 


The  book,  still  in  the  rough  boards, 
corner  in  a  small  portable  screw-press, 
and  a  small  strip  of  mill-board,  placed 
b.ick,  is  secured  by  passing  a  needle  and  thread  t 
or  three  times  between  the  leaves  tlu'ough  the  si; 
back,  and  over  aud  under  the  small  strip ;  tlie  tlu-c; 
wliich  is  generally  of  silk  or  cotton,  two  or  tli 
colours  being  sometimes  used,  is  then  Iwibled 
plaited  over  the  strip,  aud  when  about  a  tlni-d 
one-half  is  covered,  it  is  further  seemed  by 


binding.  These  are  cut  out  separately,  thiiuied  it 
the  edges,  and  attached  by  means  of  glue.  Tl'.e 
blind-tool  ornaments  of  the  book  are  put  on  by  means 
of  pieces  of  brass,  out  into  the  desired  pattern  and 
shape,  aud  mounted  in  handles,  as  m  Eigs.  180,  ISl, 


,-ft 


long  line,  plain  or  figured,  is  to  run  up  the  sides 

fe-sv    of  the  book,  it  is  cut  upon  the  peripheiy  of  a  disc  of 

brass,  Tig.  1S2,  moving  upon   a  ccntial  axis,  and 


stitches  through  the  solid  back  The  plaiting  or 
poveiing  i-,  then  completed,  and  is  secm-ed  as  betoie 
by  sewing  through  the  back  The  superliuous  poi- 
tions  of  the  stiip  are  then  cut  off.  This  dcscript ion 
of  head-band  is  called  icorked ;  a  commoner  desciip- 
tiou,  called  slitclc-oii,  is  a  piece  of  striped  or  coloured 
linen,  enelosnig  a  piece  of  cord,  stuck  or  glued  to 
the  back  of  the  book.  The  bands  or  raised  projec- 
tions at  the  back  of  the  book  are  formed  by  glueing 
fliips  of  mdl-board,  leather,  or  cord  across  them. 

The  book  is  now  ready  for  covering.  The  leather 
may  be  calf,  or  morocco,  or  russia;  but,  whatever 
the  leather,  it  is  eaiefully  chosen,  so  as  to  bo  free 
from  blemishes,  and  of  the  proper  size,  and,  being  placed 
on  a  fiat  board,  with  the  rough  side  up,  the  edges 
are  pared  tlun  with  a  sharp  knife,  so  that  in  turning 
them  over  the  board,  they  may  not  bidgo  out  into 
unsightly  projections.  The  leather  is  then  damped, 
and  coveied  with  paste,  and  applied  to  the  book, 
a  few  simple  tools  bemg  used  to  smooth  it  down  aud 
press  it  into  shape,  to  square  the  edges,  and  to  raise 
the  bands  The  leather  is  neatly  tm-ned  in  at  the 
top  aud  bottom,  aud  then  folded  over  the  head-bands. 
When  the  sides  aud  edges  aie  nicely  smoothed  and 
squaicd,  the  bands  at  the  back  are  raised,  aud  the 
spaces  between  them  dipKssed,  by  working  them 
with  a  bone  paper-knife,  and  duiing  aU  these  maiiipu- 
Latious  the  man  eveiy  now  aud  then  moistens  the 
leather  with  a  bit  of  wet  sponge.  When  the  leather 
cover  is  propeily  arranged,  the  marbled  or  other 
luiing  papers  are  in-seited,  and  the  book  is  put  into 
the  standing  press  for  a  few  hours,  after  which  it  is 
ready  for  tooling.  But  in  some  descriptions  of 
binding,  a  good  effect  is  produced  by  having  distmot 
lettering  pieces,  of  a  ditfeient  coloui  fioiu  the  gi  ueial 


each  side  of  the 

a  gas  stove.  Fig.  1S3,  a  great  imp 
unwholesome  charcoal  bia/ier 
formerly  in  use.     The  small 
tools  are  pressed  down  with 
anequable  force  in  those  pai  Is 


of  let- 


picoomg  the  hot   too 

the  part  thus  covered.     On  \- 

wipuig  off  the  gold  with  a 

rag,   that  part  of  the  gold 

only  is  attached  which  came 

in  contact  with  the  hot  tool. 

Letteiing  is   performed  coma 

toiing  tools,  each  letter  of  the  alphabet  being  cut 

out  in  biass,   and  mounted  in  a  wooden  hauiUe. 

Letters,  numerals,  &c.,  aie  kept  of  different  sizes; 

but  for  words  in  common  use,  such  as  "  Holy  Bible," 

"Atlas,"  &c.,  tools  are  kept,  with  the  whole  woid  or 

words  cut  in  them,  as  in  Fig.  184.     TOien  the  oiua- 

meuts,    lettcimg,    &c., 

arc  complete,  the  bookis 

ffnibhed  off  with  polish- 

ing-irons,    of    vaiious 

shapes  and  sizes,  one  of 

which  is  shown  in  Fig.  iSo.     Thi.tc  aio  heated,  a 


method  of  bindiug  by  n 
I  \i  as  patented  by  Jlr.  Haneni 
,  tions  of  sawing  ui,  SLWiiig,  luui 
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Ejlue  are  dispensed  with,  and  instead  of  leaves  attached 
by  thread  stitches  at  two  or  three  points,  they  are 
np:glutinated  securely  along  their  whole  length.  This 
plan  is  admirably  adapted  for  binding  eugrayiugs, 
maps,  manuscripts,  and  coUcotions  of  letters,  which 
have  little  or  no  margin  left  at  the  back  for  the  stitch- 
ing. The  plan  has  been  thus  described: — "  After 
folding  the  sheets  in  double  leaves,  the  workman 
places  them  vertically,  with  tiic  edges  forming  the  back 
of  the  bonk  il'  w :  ■  I-,  in  :i  cnneavc  mould,  of  such 
rounded  (I r  I  -  :!  >  il  I,, ipc  as  the  back  of  the 
bookisiiil<         !  i ':r  mould  for  this  purpose 

consists  of  tv,  u  jvir.iilrl  Ujniu'Iit  boards,  sot  ai)ai't 
upon  a  cratUo  frame,  cachhaviii-  ;i  |.MinMM  ,,  ■  i,  ,i ,  i,,iis 
cut  out  vertically,  somewhat  d«  I  I    >  r     '        !;li 

of  the  book,  but  of  a  width  ue;iii\  >  ,  i  i  i'  i  ~  n' k- 
ness  before  it  is  pressed.  One  of  ihcsc  upriglit 
boards  may  be  sUdden  nearer  to  or  further  from  its 
fcUow,  l)y  means  of  a  guide-bar,  attached  to  the  sole 
of  (he  cr'adle.  Thus  the  distance  l)ctwccn  the  concave 
bed  of  the  two  vertic:il  :-:-!^  m  •.,',,.',  <.]:r  book  rests 
may  be  varied  acconliiiL  i  the  leaves. 

In  all  cases  about  ,u  :  .n  ^!  :  i  >  Im-th  of  the 
book  at  each  end  projicij  bi  \uiia  U.i;  '.juard,  so  that 
one-half  rests  between  the  two  boards.  Two  or  three 
packtlu-eads  are  now  bound  round  the  leaves  thus 
arranged,  from  top  to  bottom  of  tlie  page,  in  different 
lines,  in  order  to  preserve  the  form  given  to  the  back 
of  the  mould  in  which  it  lay.  The  book  is  next 
subjected  to  the  action  of  the  press.  The  back, 
which  is  left  projecting  very  slightly  in  front,  is  then 
smeared  carefully  by  the  lingers  with  a  solution  of 
caoutchouc,  whereby  each  paper-edge  receives  a  small 
tiou  of  the  cement.  Li  a  few  hours  it  is  suffi- 
ciently dry  to  take  another  coat  of  a  somewhat 
stronger  caoutchouc  solution.  Li  forty-eight  hours 
four  applications  of  the  caoutchouc  may  be  made  and 
dried.  Tim  back  and  the  adjoining  part  of  the  sides 
I!'  J  I',.  ,  !  \.  nil  the  usual  band  or  fUletof  cloth, 
I  '  'houc;  after  which  the  book  is 
: "  1 1  ids  attached,  and  to  be  covered 
,;  ;       ';ifut.  as  may  be  desired." 

\  .,'..'.'.    ',  il  -limt  branch  of  the  trade, 

I  I    :    '  ,  r      ',!"_;  nf  every  description  of 

,:;  ■■■"  i       ;    /-  ,  !~  (irst  folded  and  comit-ed 

)  sect  lull';,  Miiifii  111  foolscap  generally  consist 
six  sheds,  and  above  that  size,  of  four  sheets. 
;sc  arc  served  upon  strips  of  vellum,  three  strips 
ng  usvuiUy  applied  to  foolscap  foUo,  and  a  greater 
iibcr  for  lar!;rr  sizes.  In  sewing  account-books, 
>;cd  thread  is  used  as  bcin-  stronger.  After 
.■mg,  the  first  ruled  leaf  at  eiicli  cud  is  pasted  to 
waste  iKipcr  and  the  marble  lining  paper  inserted. 
The  back  is  then  glued,  and  when  dry,  the  fore  edge 
is  cut  and  the  back  rounded,  a  rounder  back  and 
consequently  a  deeper  hollow  being  given  than  in 
piiii  11  ',  ,  Til'  two  ends  are  men  cut  and  the 
(>L  II,:  ■  '  TIic  head-bands  are  worked  on 
a  '  '1  '■  id  as  before  described.  Strong 
],ir.;--.  (,f  r  ;;•;,,  m,-  Ijuckram  arc  then  glued  at  the 
top  and  liotiom  of  the  back  and  between  each  of  the 
vellum  sUps.     A  hollow  back  is  produced  by  soaking 


in  water  a  strip  of  mill-board  about  a  quarter  of  an 
inch  wider  than  the  back  of  the  book  and  gluing  it 
on  both  sides ;  it  is  then  placed  on  a  sheet  of  paper, 
and  a  roller  coiTespondiug  to  the  curvature  of  the 
back  of  the  book  is  placed  upon  it,  and  the  strip  is 
worked  backwards  and  forwards  on  the  roller,  wliich 
gives  it  the  semicircular  shape.  It  is  then  dried 
hard  before  the  ike.  Another  method  is  to  paste 
a  number  of  pieces  of  paper  in  succession  upon  a 
roller,  and  when  thoroughly  dry  it  is  cut  down 
lengthwise,  thus  forming  two  semicircidar  backs. 
Thin  sheet-ii'on  is  sometimes  used  for  the  purpose. 
The  milled  boards  are  then  cut  out  for  the  side 
covers.  In  large  books  it  is  usual  to  glue  together 
two  thin  boards  for  each  cover,  and  to  insert  between 
them  the  projecting  ends  of  the  veUiun  bands  on 
which  the  book  is  sewn.  The  first  and  last  fly-leaves 
are  pasted  to  the  boards,  and  after  they  are  squared, 
the  curved  back  above  described  is  placed  on,  and 
a  pi^ece  of  canvass  sufficient  to  extend  over  half  the 
width  of  the  book  on  one  side  to  the  same  distance 
on  the  other  side,  is  glued  on  the  boards  and  over 
the  back :  this  holds  the  hollow  back  firmly  in  place. 
The  book  is  then  ready  for  covering,  for  wliich 
purpose  the  leather  is  carefully  pared  all  round  and 
neatly  put  on.  The  covers  are  usually  forril  and 
vellum,  wlnte  and  coloured ;  smooth  and  rough  calf 
and  sheep;  basU,  smooth  and  grained,  and  russia. 
Fon'il  and  vellum  covers  are  lined  with  paper  and 
pressed  smooth.  When  di-y,  they  are  fitted  ou  the 
back  and  creased  in  the  joints :  the  boards  are  then 
pasted  and  the  covers  pressed  on  them :  wlicn  dry, 
the  edges  of  the  cover  are  pasted  and  turned  in  and 
the  book  again  pressed:  the  cover  is  then  washed 
with  a  sponge  and  paste-water,  and  then  nded  off. 
If  the  cover  be  rough  calf  or  shee)),  it  is  dressed 
with  pumice-stone  and  a  clothes-brush.  Smooth 
calf,  basil,  &c.,  are  glaired  and  polished  as  in  book- 
binding. Rough  calf  books  are  usually  ornamented 
by  ])assing  a  very  hot  roller  round  the  edges  and 
sides  of  the  cover.  Large  books  are  sometmies 
furnished  with  bands  of  russia  leather  worked  on 
with  thongs  of  vellum,  which  add  to  the  strength  of 
the  binding  and  have  a  neat  appearance. 

BORACICACID.     BORAX.      Sec  Boton-. 
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thclatten'  ■  xvuvk  ir^^.lir- V,        ■  ilnii- 

ary  or  nearly  so.  There  arc,  however,  except  imis  to 
tins,  as  in  boring  or  forming  the  cylindrical  cavity 
of  ordnance  both  methods  are  adopted ;  in  one,  the 
gun  revolves  and  the  borer  advances  in  a  iked  axis, 
and  by  another  method  the  gun  is  fixed  and  the 
cutter  revolves.  The  former  is  adopted  for  brass 
guns,  and  as  the  gun  revolves,  its  exterior  surface  is 
turned.  Cannon  are  now  alw.i'  i  '  ■ 'M,  ;;:il  the 
cylmdrical  cavity  is  formed  h\  I      ■  or         'lid 

mass.     The  gun  is  placed  111  I'i  I  i  i ':  ■  1    i  In^'- 

■miU,  and  is  fixed  to  the  axi-  -i  I'le  i:  lil  1a  i -;  ;ins 
of  the  square  piece  at  the  cascnbel.  In  a  boring- 
mill  constnicted  by  Smeaton,  the  gun  is  placed  on 


tlie  horizontal  axis  of  a  water-wheel,  and  consequently 
revolves  with  the  same  velocity.  Ou  this  same  axis, 
Fig  186  is  a  toothed  wheel  which  works  two  wheels. 


I. no  placed  on  each  side,  and  on  the  axis  of  each  of 
these  is  a  gun  of  smaller  size.  A  bar  of  steel  in 
shape  and  size  like  the  coidtcr  of  ;i  plough,  is  first 
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applied  at  right  angles  to  the  axis  of  the  gun.  The 
narrow  side  of  the  bar  is  sharpened  to  a  cutting 
edge,  so  as  to  hare  the  form  of  one  tooth  of  a  very 
large  saw,  and  this  being  opposed  to  the  direction  of 
the  revolving  motion  of  the  gun,  takes  off  an 
angular  portion  at  right  angles  to  the  axis,  until  the 
cylindrical  part  coimecting  the  head  with  the  gun  is 
so  much  diminished  that  the  head  falls  off  with  the 
blow  of  a  hammer.  The  boriug  is  then  commenced 
by  exposing  the  revolving  gun  to  the  action  of  a 
steel  cutter  fixed  to  the  end  of  a  bar  placed  on  a 
carriage  and  impelled  continually  towards  the  gun. 
The  can-iage,  which  slides  in  triangidar  iron  grooves, 
consists  merely  of  a  bar  on  which  the  rack  is  pressed 
forward  by  the  pinion  r.  Fig.  187,  whose  gudgeons 
arc  on  a  fixed  frame  bb,  and  this  pmion  works  into 
a  rack  r.  The  axis  of  the  pinion  has  mortised  holes 
in  it,  tlu-ough  which,  one  end  of  the  lever  l  is 
passed,  and  the  other  end  is  loaded  with  a  weight 
w,  which  causes  the  pinion  to  propel  the  carriage 
and  thus  urge  the  boring  bar  towards  the  gun.  In 
some  machines,  two  )iiiiio.ns  are  attached  to  the  same 


carnage  is  propelled  by  two  upright  levers,  the  end  j 
of  one  of  which  has  a  weight  hanging  from  a  rope 


eoriliug  to  another  contr 
the  end  of  the  can-iage 


r  end  of  the  upper 
d  of  the  lower,  wlule  the 
'■r  lever  presses  forward 
1  is  free  from  any  in- 
■  teeth  of  the  rack.  Ac- 
vauce,  a  screw  acting  on 
3  used  to  propel  it,     "~" 


uormg  bar  used  in  all  the-se  machines  is  a  very  strong 
wrought-iron  bar  of  less  diameter  than  the  calibre, 
in  order  to  allow  the  u-on  dust  and  shavings  to  be 
readily  got  out ;  its  diameter  is  increased  for  some 
iuehcs  near  the  cud  b.  Fig.  188,  where  there  is  a  groove 
^  for  admitting  the  steel  cutter 
,  the  two  upper  angles  of 
hich  are  cut  oft"  obhquely  so 
Fig.  iss.  „g  to  foiTj^  an  obtuse  angled 

di-ill,  the  edges  of  which  commg  m  contact  with  the 
revolvmg  metal  produce  a  conical  cavity  by  taking 
off  shavings  from  the  solid  metal.  The  fii-st  bore 
is  smaller  than  the  intended  size.  When  this  is 
completed,  a  second  borer,  consisting  of  a  cross  bit 
or  rectangular  piece  of  steel,  with  a  cutting  edge  at 
each  end,  is  put  through  a  hole  m  the  bormg  bar, 
and  the  edges  of  this  cutter  in  revolving  describe 


a  cylindrical  sui-face.  VHicn  the  Ijore  is  of  the 
proper  size  and  suflloiently  true,  a  bit  without  a 
pouit  and  rounded  off  to  the  desired  cuiTe  is  used 
to  form  the  bottom  of  the  chamber.  The  cutters 
become  H'  :  in  :''■  In  '  i.-rquent  of  being  continually 
rubbed  :i,  !  'i'ln,  and  the  boiing  dust 

is   seen  I  i  i''ii'   edges  when  they  are 

withdrawn.  W  hn  :m  l"iiiug  is  being  conducted 
in  this  way,  the  exterior  of  the  gun  is  tm-ned  by 


appropriate  tm-nmg 


tools.     A  wooden  g 


out  profile  of  the  gun  with  its  intended  mouldmgs 
is  appKed  from  time  to  tune  to  ascertain  when  the 
turning  has  been  continued  to  the  proper  depth 
The  cyphers  and  arms  cast  on  the  g-un  are  finished 
by  a  chisel.  The  touch-hole  is  drilled  by  stock  and 
bit,  or  by  drill  and  bow.  The  gun  is  then  examined 
to  ascertain  whether  the  bore  is  free  from  holes: 
this  is  done  with  an  instrument  consisting  of  several 
elastic  steel  prongs  with  sharp  points  an'anged  in 
a  circle:  by  moving  this  backwards  and  foi-wards 
in  various  ways,  the  points  press  against  the  side,  and 
thus  detect  any  hole  that  may  exist.  A  lighted  was 
taper  is  also  introduced,  or  the  light  of  the  sun  is 
reflected  by  a  mirror  mto  the  bore,  by  which  means 
defects  can  be  detected  and  examined  by  eye.  The 
gm  is  proved  by  firing  it  with  a  large  charge  of 
powder,  and  also  by  forcing   water   into   the   bore 


through  a  powerful  force  pump,  the  touch-hole  bcmg 
stopped.  All  these  precautions  in  bormg  and  as- 
certaiuing  the  accui'acy  of  the  bore  have  greatly 
contributed  to   the    present   precision   in   artUlery 

The  boring  of  muskets  and  small  arms  will  be 
more  conveniently  descnbed  in  eonnexion  with  the 
processes  concerned  in  the  manufaeture  oi  Gux 
Barrels. 

The  boring  of  cylinders  for  steam  engines, 
blowuig  machines,  working-barrels  of  large  pmnps, 
and  other  hollow  cylinders  of  cast-iron  in  which 
pistons  work,  reqiures  very  powerful  and  accurate 
machinery.  The  cyKnder  is  cast  hollow,  and  the  object 
of  the  boring  machine  is  to  convert  the  interior  into  a 
true  cylinder.  The  macliine  shown  in  Pig.  189,  was 
contrived  at  the  time  when  accurately  bored  cylinders 
were  required,  in  consequence  of  Watt's  improvement 
in  steam  engines.     In  this  arrangement  tlie   cylinder 


aperture  a  on  each  side,  except  at  the  ends,  where  ii 
forms  a  complete  tube  to  keep  the  two  halves  together. 
The  cuttcr-hcad  e  t.  Fig.  190,  consists  of  a  tube  l, 


is  placed  horizontally,  whde  the  cutters  revolve  and 
advance  by  the  action  of  some  powerful  prime  mover, 
and  the  operation  is  commonly  repeated  three  times, 
in  the  last  of  which  the  greatest  care  is  requii'ed, 
and  the  engine  is  worked  from  the  beginning  to  the 
end  of  the  operation.  This  is  also  done,  by  some 
milkers,  in  the  finishing  process  of  boring  ordnance, 
the  machine  being  kept  at  work  through  meal-tmics, 
day  and  night ;  for  if  it  were  discontinued  while  the 
cutter  was  only  midway  or  in  any  part  of  its 
journey,  and  the  cylinder  allowed  to  lose  the  heat  it 
acquires  by  the  friction  of  the  cutter,  &o.,  a  ridge 
and  unevemiess  would  be  formed  in  the  sui-faoe, 
which  woidd  greatly  interfere  with  its  proper  action. 
In  tlie  bormg  engine,  Kg.  189,  s  s  are  two  solid 
Bills  of  oak,  arranged  parallel  to  each  other  and  to 
sleepers  let  into  the  ground;  at  each  end  is  a  vertical 
iron  frame,  r  r,  for  supporting  gudgeons  at  the  end 
of  a  long  cylindrical  axis  or  tube  of  cast-iron  a  a, 
which  revolves  by  the  prime  mover.  The  cylinder  c 
to  be  bored,  is  fixed  over  this  bar  on  an  adjusting 
framing  B,  and  is  supported  by  blocks  below,  and 
held  fast  by  iron  bands  di-awn  down  by  screws  in  the 

top  of  standards.  The  cylinder 

;~  ;::lM-ird  SO  as  to  be  con- 

■'.  nil  the  axis  a,  and  is 

■         l.v  by  wedges  driven 

"!.>:  .  I'l  ■  l.ilocksandstandards. 

<  )ii  lli:s  axis  slides  a  cutter- 

Yv^.  I'JO,  into  which  are  fixed 
cutters  c  c.  The  tube  A,  shown 
1,  is  divided  by  a  longitudinal 


Fig.  191,  aceui-atcly  fitted  on  the  axis  a,  and  a  cast-ii-on 
ring  E,  fixed  upon  t  by  four  wedges.  On  this  circle 
are  eight  notches  for  the  reception  of  the  cutters. 
The  slide  k  is  kept  from  slipping  round  with  the  axia 
by  two  short  -- 


:.  >  I  i  rack  E ;  a  key  put  through  the  end  of  the  bolt 
1  M  1.  ^  the  rack  from  being  drawn  back,  and  holds 
I  lie  cruss-bars  b  b  m  place.  The  rack  is  Avorked  by 
the  teeth  of  the  pinion  p,  and  is  kept  in  place  by  the 
roller  0.  The  axis  of  the  pinion  and  roller  is  attached 
to  the  standard  F,  Pig.  189,  and  the  pinion  is  tm-ned 
round  by  the  action  of  the  weight  w  at  the  end  of  a 
lever  on  the  square  end  of  the  axis.  By  another  con- 
trivance, four  small  wheels  are  fixed  at  the  right  hand 
of  A,  Pig.  192.  Another  pinion  fixed  to  the  extremity 
of  the  axis,  similar  to  the  rack  E,  has  at  its  other  ex- 
tremity a  small  screw,  which  works  an  interior  screw 
fixed  to  the  cutters  e  at  b.  Below  the  second  pinion 
is  another  fixed  on  a  horizontal  axis  parallel  to  a.  At 
the  other  end  of  the  axis  is  a  fourth  pinion  driven  by 
the  first  at  the  end  of  the  hollow  axis  a.  As  the 
axis  A  revolves,  the  ih-st  pinion  at  its  extremity 
drives  the  fom'tb,  which  by  means  of  the  third,  fixed 
on  the  same  axis  with  it,  gives  motion  to  the  second ; 
the  second  pinion,  being  fixed  on  an  axis  within  p, 
unscrews  the  screw  at  the  other  extremity  and  makes 
the  cutters  advance  along  the  cylinder.  Sixty  turns 
of  the  axis  cut  one  inch  of  the  cyKnder. 

According  to  BiUiugsley's  method,  the  cyKnder  is 
placed  with  its  axis  in  a  vertical  instead  of  a  hori- 
zontal position,  in  order  that  the  boring  dust  and 
shavings  may  faU  out  instead  of  wearing  and  impeding 
the  cutters.  By  this  arrangement  the  cyKnder  is 
bored  throughout  without  changing  the  cutters,  and 
a  more  regular  bore  is  thus  obtained.  Another 
advantage  is,  that  the  cyKnder  does  not  deviate  from 
its  cylindrical  form  by  its  own  weight,  which  some- 
times happens  when  large  and  slender  cylinders  are 
laid  on  their  side.  There  is  also  often  a  loss  of 
shape  by  improperly  strapping  and  wedging  down. 

Before  the  general  introduction  of  cast-ii-on  walcr- 
pipes,  there  was  a  great  demand  for  wooden  pipes, 
which  were  formed  by  boring  the  trunks  of  trees. 
For  this  pm-pose  the  tree  was  well  secured  to  a 
carriage,  and  a  vorticid  spindle,  driven  by   a  trundle 


and  face  wheel,  gave  motion  to  a  horizontal  bar, 
carrying  a  borer  or  aiiger  at  its  extremity.  As  this 
revolved,  motion  was  given  to  another  wheel,  about 
whose  shaft  was  a  rope  also  attached  to  the  carriage, 
so  that  as  the  borer  cut,  the  tree  was  gradually 
tliavra  up  to  the  work  until  the  hole  was  cut 
through.  A  larger  auger  was  then  used,  and  the 
operation  repeated  until  the  bore  was  of  the  proper 
size.  In  some  cases  the  tiee  was  made  to  revolve 
against  a  fixed  auger.  In  other  caseb  the  tiee  -s^as 
fixed  vertically,  so  that  the  chips  could  fall  out  ab 
the  work  proceeded.  An  mginious  machine  ^  as  also 
contrived  for  cutting  out  the  core  ■nhole,  so  that  it 
could  be  applied  to  other  uses.  In  Ihib  case  a  hollow 
cj Under  was  formed,  with  a  crown  saw  at  the  ex- 
tremity, \ihich,  l)cing  made  to  revolve,  cut  its  way 
into  the  tree,  wliile  the  core  entered  the  c^Uwdcr,  and 
was  thus  prcscrx  cd  whole.  A  plan  of  this  kind  m  as 
[lateuted  by  iMr.  Muidock  in  ISIO  for  boring  btone- 
pipes,  the  core  furmhig  round  pdlars  of  stone.  An 
attempt  w. lb  lu.idc  to  use  the  pipes  as  the  common 
water-pijK  ^  f  1  '  i  i'ii>  weie  joined  together 
i)_\  me.m^        1  but  the  vibration  com- 

muuic.iti  J  I  nriiages,  loosened  the 

jointb  and  i     Ji  j  ^       Ik 

A  variety  ot  bomig  tuol-,,  used  in  the  arts,  will  be 
found  noticed  under  Auger. 

One  of  the  most  important  applications  of  boiing, 
is  in  the  formation  of  Aktesia^'  Wells. 

The  usual  method  of  bormg  for  this  purpose,  is  to 
ittach  the  boier,  which  differs  acconUng  to  the  nature 


r— |««*?*«^^S^' 
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of  the  work,  to  u'on  rods,  which  screw  together  in 
lengths  of  from  10  to  20  feet.  A  chcidar  motion  is 
given  to  the  borer  by  the  workmen  above,  assisted, 
wlien  lequired,  by  a  vertical  jumping  motion,  which 
causes  the  boiing  tool  to  work  its  v,aj  through  the 
ground.  It  is  u'sual  to  begin  by  digging  a  circular 
hole,  aliout  C  or  S  feet  det  p  ami  5  ''or  fi  fc>-t  ^i  ule. 
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In  the  centre  of  this  hole  the  boring  is  carried  on  by 
two  workmen  assisted  by  a  laboui'cr  above.  The 
handle  of  the  borer  has  a  female  screw  in  the  bottom 
of  its  iron  shank,  into  which  the  boiing  chisel  is 
fixed,  and  a  wooden  bar  or  rail  passing  through  its 
socket,  -nith  a  img  at  the  top.  If  the  ground  be 
tolerably  soft,  the  weight  of  the  two  men  beaiing 
upon  the  cross-bar,  and  occasionally  turning  it  round, 
will  soon  cause  the  chisel  to  penetrate  ;  but  in  rocky 
strata  the  chisel  is  struck  down  with  repeated  blows, 
so  as  to  peck  its  way,  the  men  frequently  shifting 
their  position,  so  that  the  chisel  or  auger  may  con- 
stantly have  a  fresh  place  to  act  upon,  by  which 
means  the  rock  is  bioken  and  penetrated.  This 
laboxu-  IS  greatly  assisted  by  an  elastic  wooden  polo, 
placed  horizontally  over  the  w  ell,  from  which  a  chain 
is  biought  down  and  attached  to  the  ring  of  the 
hamllc.  This  pole  is  made  fast  at  one  end,  by  being 
set  m  a  heap  of  loose  heavy  stones ;  at  the  other  cud 
the  workman  gives  it  a  slight  up-and-downi  motion, 
coi  responding  to  the  beating  motion  of  the  men 
below,  by  which  means,  the  elasticity  of  the  pole,  ui 
rising,  lifts  the  handle,  and  thus  diminibhes  the  labour 
of  the  men.  AYhen  tlie  hole  has,  in  this  way,  been 
opened  as  far  as  the  length  of  the  chisel  will  allow,  it 
is  withdrawn,  and  a  sort  of  cylindrical  auger,  furnibhed 
with  an  internal  valve,  shewn  in  section,  Eig. 
191,  is  let  down  for  drawing  up  the  dirt  and 
loose  stones ;  the  anger  being  introduced 
and  turned  round,  the  rubbish  will  pass  up 
through  the  apertm-c  at  tjie  bottom,  and  fill 
the  cylinder,  which  is  then  drawn  up  and 
discharged  at  the  top,  the  \alve  preventing 

I  its  escape  at  the  bottom.     An  ii-on  rod  is 
next  attached,   and   the  operation  of  pcck- 

I  ing  is  proceeded  with.     The  auger  is  again 

I  introduced  and  the  rubbish  \ritlidi-awn.    The 
necessity  of  frequently  withdrawing  the  rods, 
and  the  continual  additions  to  their  length, 
increases  their  weight,    and    renders   some    ^^' 
mechanical  assistance  uccessaiy.     Tluee  scaffolding 
poles  arc,  theicfoic,  ciccted  over  the  pit, 
and  tied  together  at  the  top,  and  fiom 
the  centre  is  suspended  a  v,  heel  and  axle, 
or  a  pail-  of  pidley  blocks,  for  the  purpose 
of  hauling  up  the  rods  by  means  of  a 
fork.  Fig.  193,   which  is  brought  down 
under  the  shoiddcr,  near  the  top  of  each 

J  rod,  and  made  fast  to  it  by  passing  a  pin 

J  ihiough  two  little  holes  in  the  claws    Tlic 
lods  are  thus  drawn  up  about  7  feet  at     f^ 
a  time,  and  at  every  haul  a  fork.  Fig.  196,  i 

I  horizontally  over  the  hole, 

j  with  the  shoulders  of  the 

I  lower  rod  resting  between 

I  its  claws,  by  which  means 
tlie   rods    are   prevented 

!  from  sinking,  while  the 
upper  length  is  imscrewed 
and  removed.  In  attach- 
ing and  detaching  these 
Icngtlis  of  rod,  awionrh. 


which  they  arc  Im-ucd  rouiul  and  the  screws  forced 
up  to  theii-  firm  bearing.  The  hi-st  GO  or  100  feet  is 
bored  to  the  diameter  of  about  2^  inches,  and  is 
cleaned  out  by  a  gouge  of  2:5-  inches  in  diameter; 
the  whole  is  then  widened  by  a  chisel,  4  inches  in 
diameter,  furnished  with  a  guide  for  keeping  it  per- 
pendicular. 

The  vertical  or  jumping  motion  of  the  tool  is 
often  obtained  by  a  windlass  instead  of  the  simple 
plan  just  noticed.  The  rods  ai'e  suspended  to  the 
wiudhiss  Ijv  a  rope  coiled  two  or  three  times  round 
it,  and  so  adjustcLl,  that  if  the  man  holds  one  end  of 
the  coil  tight,  there  will  be  sufficient  friction  to  raise 
the  rods  on  putting  the  -windlass  in  motion.  On 
slackening  the  end  of  the  rope  held  by  the  mau,  the 
coU  becomes  loose,  and  the  rods  descend  with  a  force 
equivalent  to  their  Ayeiglit  and  tlie  distance  through 
which  they  have  f;dlen.  lu  tliis  way  a  regular  per- 
cussive action  is  gained  by  keeping  the  windlass 
continually  in  motion  in  one  dii'ection,  while  the 
worbnaa  alternately  allows  the  rods  to  be  drami  up  j 
a  certain  distance,  and  then  by  relaxing  his  hold 
allowing  them  to  fall.  I 

Listead  of  the  arrangement  of  poles.  Fig.  193,  it 
is  often  desirable  to  erect  a  stage  over  the  proposed 
boring.  This  stage  consists  of  a  stout  plank  floor, 
resting  on  strong  puttooks,  and  well  braced  together 
by  planks  nailed  transversely  across.  In  the  centre 
of  this  floor  is  a  square  hole,  a  little  larger  than  the 
boring-rods,  but  not  large  enough  to  allow  the  hook. 
Fig.  195,  to  pass  through.  Wooden  trunks  or  tem- 
])orary  ii-on  pipes  are  fixed  under  the  boring  stage, 
as  guides  fur  the  boriag  tools  and  permanent  pipes, 
&c.  The  permanent  pipes  to  be  inserted  into  the 
bore  are  joined  together  and  slung  ready  to  be  fixed 
when  required.  If  the  bore  be  thi'ough  mottled  clay, 
the  sooner  the  pipes  follow,  the  better,  as  the  sand 
uuderueath  is  apt  to  blow  up  into  the  bors-hole,  or 
I  he  clay  itself,  if  not  stiii,  may  choke  up  the  hole. 
These  pipes  are  either  of  cast  or  wi-ought  iron;  the 
latter  beiiy  geiieiaily  used  for  small  distances,  and 
the  former,  being  tlucker,  are  used  for  very  deep 
work,  where  much  diiving  is  required.  The  lower 
pipes  of  the  series  are  usuidly  perforated  with  small 
holes,  when  the  sprmg  is  in  sand;  but  when  water 
rises  from  chalk  or  rock,  no  perforation  is  required, 
and  the  pipes  themselves  are  only  required  to  keep 
the  hole  open.  In  many  cases  in  and  about  London, 
Fig.  ws.  advantage  is  taken  both  of  the 

mam  sand  sprmg  and  of  the 
chaUi.  '-pimgs  also  the  perfo- 
lated  pipes  are  firmly  driven 
mto  the  foimei,  and  smaller 
ppts  Old  a  smaUti  bore  arc 
c  nliuiu  1  to  the  chalk.  A 
li  1  I  wiought  and  cast-iron 
pp.  IS  si  mnmFig  19S.  The 
lunrdons    of    the   pipes    have 

Ul     I     nearly,   and,    in    some    cases, 
H  quite,  an  even  lace  on  the  out- 

^  side      Tlie  cast  uon  pipes  have 

qeuei  ilh 
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usually  flush  inside  as  well  as  out.  The  collars  are 
somethnes  fixed  ou  the  pipes  wilh  screws;  but  when 
the  joints  are  not  turned,  they  are  rnu  together 
with  metal,  a  plan  which  shuts  out  bad  water  on 
the  outside.  The  wrought-ii'on  pipes  are  seldom 
riveted,  but  have  thin  collars  soldered  ou,  not  quite 
flush  outside,  and  the  melting  of  the  solder  pre- 
viously run  in  the  parts  is  eflected 
by  suspending  an  ii'on  heater,  Fig.  ^'s-J^^-  F's^oo. 
199,  down  the  pipe.  The  pipes 
are  slung  down  the  w-ell  by  means 
of  a  wooden  plug.  Fig.  200,  with  a 
pin  or  key  passing  llirough  it ;  and 
this  being  inserted  into  the  end  of 
the  pipe,  which  is  cut  reversely,  as 
in  Fig.  201,  win  clearly  hold  it,  and 
by  merely  turning  round  the  plug 
after  slacking  it,  the  pipes  will  be 
detached.  By  tins  plug  also  the 
pipes  can  be  driven.  This  small 
groove  can  be  used  at  any  depth, 
and  where  it  is  completely  out  of 
sight  of  the  workman. 

Some  of  the  took  used  in  boring  an 
following  figures  :^ 

Figs.  202,  203,  show  an  rig.: 
elevation  and  section  of  an 
auger.  The  tapped  socket  is 
to  allow  the  rods  to  be  screwed 
into  it.  A  usual  form  of  handle 
for  turning  round  the  rods  is 
shown  in  Fig.  204.  The  leading 
nose  is  for  cutting,  and  there  is 
a  valve  within  the  cylinder  for 
preventing  the  material  cut 
fi'Om  falling  out  when  the  auger 
is  raised.  Fig.  205  shows  a 
small  auger,  with  a  longitudinal 
slit,  and  no  valve  :  it  is  used  for  | 
boring  through  clay  and  loam. 
In  very  stiff  clay  the  slit  may  be 


wide ;  in  soft  clay,  narrow ;  but  in  very  moist  ground 
this  tool  camiot  be  used.  The  lower  figure  is  a  plan, 
or  horizontal  section,  of  this  tool.  Fig.  206  repre- 
sents an  S  chisel,  for  cutting  through  rocks,  flints, 
&o.  This  tool  is  worked  with  a  vertical  motion,  and 
in  a  circular  direction.  In  boring  through  sand,  or 
hard  ground  previously  loosened  by  other  tools,  a 
large  shell,  shown  in  section,  Yvj;.  20",  is  used  :  it 
contains  two  \  .ii\ .  .■.  I'i'i  ,,iii-'  ni-  \  ,i;'«l-.  >.iie  nf  w  iii.'h 

the  size  is  r.;;-!!'  .,1  l.;.  -•  e  i:-  ..,  -in  -,,,v,  ;,nd 
swivel.  This  tool  is  used  for  enlarging  a  hole.  ^Mien 
the  pipes  are  inserted  some  distance,  it  is  important 
to  widen  the  bore  under  them,  to  allow  them  to  be 
driven  farther :  this  tool  is  therefore  forced  down  the 
pipe  in  a  partly  collapsed  state,  springing  to  its  set 


dimension  as  the  soiter  ground  under  the  pipe  is  cut 


treatise,  ^vill  convey  some  idea  of  the  great  voi-rety 
and  complication  of  boring  tools. 


When  very  soft  sand  is  met  with,  a  tool  fa 

"■"  ■  g  pump  is  used;  a  vertical  iip- 
and-down  motion  filling  the  body  of  the  tool  with  the 
soft  matter.  A  usefid  boring  tool  for  hard  substances 
is  a  hoUow  cone.  Fig.  215,  with  a  spiral  winding 
round  it :  as  the  boring  goes  on,  the  material 
mulates  in  this  cone,  and  may  thus  be  raised  to  the 
working-stage. 

•e  the  vertical  dii 
the  boring  tools,   guides   are  required :    these  are 
formed  by  bolting  cither  to  the  tools  or  rods  four 
wrought-irou  bars,  bent  at  the  ends,  so  as  exactly  to 
fit  the  hole  between  the  exti-cmities. 

One  of  the  greatest  difficulties  in  boring  arises 

Pi    2o;i     Fig.  210.    ''^ro"'  ^^'^  occasional  breaking  of 

III  im     the  rods.     In  order  to  extricate 

I  III     them  tools  have  been  contrived. 

ff  m     Kg.  209  is  a  spring  latch-tool,  in 

which  the  forked  hinge  shuts  by 

(he  action   of  a   spring;    so  that 

wlieu  the  tool  is  forced  over  the 

knijl)  uf  Ihu  broken  rod,  as  in  the 

IJljuic,  the  spring  shuts  the  forked 

hiny-''  under  the  knob,  by  which 

means    the    broken    rod    can    be 

raised.    Wlien  the  knob  cannot  be 

easily  got  hold  of,  a  screw.  Fig. 

210,  is  used.     Tliis  tool  is  also 

appKed  when  the  weight  to  be  raised 


#"                    will  not 

ovcrcoine  the  fi-iction  of 

1      the  screw 

fl         Variou 

s    other    tools    used    in 

i       bormg    a 

re    described    in    works 

devoted  to  tliis  branch  of 

ugineering,  among  which 

we   may   csneciallv   refer 

0   M.  C4amier's   "Puits 

Artesiens,"    '/■.     I'l,  ,.    I- 

:<\.     An  excellent  little 

"Ti-eatise .     V.       . 

:-iing,  and  Pump-work," 

byMr.S-vin'.   ,   :^  i. 

\  Hi  Weale's  lludimcntary 

Series.     The  IoUowidl'  1i"u 

cs,  copier^  £i-om  Garnicr's 

Such  is  a  brief  notice  of  the  common  method  of 
boring  Artesian  wells.  There  is,  however,  consider- 
able variation  in  the  practice  of  different  countries, 
and  even  of  different  districts,  according  to  the  geo- 
logical nature  of  the  place,  and  the  views  of  the 
contractor.  One  of  the  simplest  methods  is  that 
practised  by  the  ingenious  and  industrious  Chinese, 
who  have  from  time  immemorial  been  acquainted 
with  the  art  of  boring  the  earth  for  water  or  for  salt 
brine.  In  the  province  of  Szu-Tchhouan,  on  the 
borders  of  Thibet,  occur  a  number  of  salt  wells,  ac- 
companied by  springs  of  inflammable  gas  ;  so  that 
nature  not  only  fiu-nishes  the  brine,  but,  also  the  fuel 
for  evaporating  the  water  ainl   c  ..iri>::i  _;   tiir  salt. 

There  are  several  other  well-  >     ■         i    ■mc  in 

the  different  districts  of  this  ,'..■■■  •  ;  iv,,  Tmg- 

Fou,  and  in  the  other  ncighboimn-  ili,-. lulu-.,  .situated 
to  the  east  of  the  great  cham  of  mountains  covered 
with  perpetual  snow,  which  traverses  the  eastern 
part  of  Szu-Tchhouan,  from  south  to  north.  According 
to  the  report  of  M.  Lnbert,  there  are  in  the  vicinity 
of  the  town  of  Ou-Thouang-Khiao  several  tliousands 
of  these  salt  wells  in  a  space  of  ten  leagues  by  five. 
Every  person  who  is  tolerably  rich  takes  a  few  asso- 
ciates with  him,  and  digs  one  or  more  wells.  The 
expense  of  digging  a  weU,  is  from  seven  to  eight 
thousand  fi-anc's  (2S0/.  to  320/.,  a  large  sum  in  China), 
and  the  depth   is  commonly  from   1,500  to  1,800 


J  68  i;oi 

Freuch  feet,  and  five  or  sLx  inches  iii  diameter.  Thoy 
nre  usually  bored  in  the  solid  rock.  These  people, 
who  accomplish  the  most  difficult  undertakings  with 
time  and  patience,  begin  by  sinking  vertically  into 
the  bed  of  earth,  usually  met  with  at  the  surface,  a 
wooden  pipe  crowned  with  a  hcwa  stone,  perforated 
with  a  hole,  which,  like  the  pipe,  has  the  same 
diameter  as  it  is  intended  to  give  the  well ;  that  is^ 
five  or  six  inches.  In  this  tube  there  is  made  fo 
work  a  steel  head  of  300  or  400  lbs.  weight.  This 
steel  is  notched  at  the  end,  and  is  a  little  concave 
above  arttl  round  beneath.  A  workman,  by  leaping 
upon  the  extremity  of  a  lever,  the  other  extremity  of 
which  is  attached  to  the  steel  head,  lifts  it  to  the 
licight  of  two  feet,  and  lets  it  fall  again  by  its  own 
weight.  Some  pails  of  water  are  thi'own  in  from 
time  to  time,  fo  asisist  the  trituration  of  the  sub- 
stances. The  spur  or  steel  head  is  suspended  by  a 
cord,  to  which  is  attached  a  triangular  piece  of  wood, 
and  each  time  that  the  lever  raises  the  cord,  a  second 
workman,  seated  near  the  tube,  makes  the  triangle 
perform  half  a  revolution,  so  that  the  steel  head  may 
tall  in  a  different  direction.  At  noon  the  second 
workman  ascends  upon  the  lever  to  take  the  place 
of  his  companion.  At  night  two  other  men  take 
tlieir  place.  Allien  throe  inches  have  been  bored, 
the  steel  head  is  withdrawn  by  means  of  a  pulley, 
with  aU  the  substances  with  which  its  upper  con- 
cavity is  loaded.     By  this  mode  of  boring,  the  wells 


rfaoe  highly 
;  frequently 
ore  difficult. 


;■  \\  hicli  bears 
:idcnt  happens 


are  perfectly  vertical,  and  their 

polished.     Beds  of  sand,  coal,  &c., 

met  with.   The  operation  then  become 

and  is  sometimes  entirely  fin Viin' 

stances  no  longer  oilVrii'',      i 

well  loses  its  verticality  ;  I    i 

occurrence.  At  other  timrs  iin.  ir,,M 

the  steel  head  breaks.     When  tliis  a 

at  a  certain  depth,  the  Chinese  know 

of  remedying  it  than  to  employ  a  second  steel  head 

to   break  the  first    an  operation   which  may   take 

sevenl  moutlis     "\Vhen  the  rock  li  good  an  advance 

of  neaily  two  feet  is  made  m  twenty  four  hoius,  so 

that  it  may  t  d  e  about  thiee  ycais   o  dig  a  well.  For 

I  filth  11        e    ftKbe^^clK  sec  Salt 

V  1     I    1   1 1    1  n^  1 1    vu    1  some  parts  of  Europe 

a';  the  C  is  t    i   1   1  on  the  above  method, 

F,}    \9     1  1  c    1     t    in  sis]culiug  the  boier  by  a 
Q      lope   which   when  the  tool  is  woiked  ver- 
ticallv  up  and  down   impaits  by  its  torsion 
a  suilieient  cucidar  motion     In  Fig.  219, 
the  tool  IS  shown  suirounded  by  an  iron 
CNLndei      Tl  e  pounded  eaith  or  stone  col- 
lects m  the  cuTLular  space  between  the  tool 
and  tlie  cyhndei,  by  which  means  they  can 
be  biought  up  to  the  smface     Different 
tools  aie  used  foi  diD'eitnt  stnta  and  the 
usual  method  of  eonnpctmg  the  tool  with  a 
numbei  of  metal  lods  as  the  woik  proceeds, 
r-^~\~  1    hcie  di  pcusc  1  -nith      The  chief  defect  of 
' -^  this  s  mple  ]  1  m  is  that  the  boie  hile  is  apt 

to  hecone  cioiked  so  that  it  is  often  impossible  to 

''ink  the  jipes  requued  to  pioteet  the  hole 


The  great  loss  of  time  attending  the  plan  of 
unscrewing  and  screwing,  puUhig  up  and  letting 
down  the  rods,  is  a  defect  in  the  common  method 
of  boring.  An  attempt  was  made  to  remedy  this 
by  an  apparatus  patented  by  Beart,  in  1S44.  The 
rod  connecting  the  boring  tool  with  the  workmen 
above  is  formed  of  a  tube  with  water-tight  joints : 
into  this  tube  water  is  allowed  to  flow,  an  upward 
and  a  downward  current  being  formed  by  allowing 
the  water  to  ilow  in  one  direction  in  the  tube,  and  in 
the  other  in  the  circular  space  around  it.  It  was 
supposed  that  in  this  way  the  rubbish  loosened  by 
the  tool  woidd  be  brought  up  to  the  surface.  A 
portion  of  the  finer  material  might  certainly  be  got 
rid  of  in  this  way,  but  not  the  great  bulk  of  loosened 
matter;  and  it  is  also  an  objection  to  the  plan,  that 
a  large  quantity  of  water  is  reqnii-ed  in  places  where 
the  very  act  of  boring  would  seem  to  indicate  a 
scarcity  of  that  article. 

In  addition  to  the  examples  of  remarkable  Ai-tesian 
wells  noticed  under  that  head,  we  may  here  give  a 
few  details  respecting  the  most  remarkable  work  of 
the  land  that  has  yet  been  executed.  In  a  letter  to 
the  Times  newspaper,  dated  17th  August,  1S50,  Dr. 
Granville  notices  the  completion  of  the  great  Ai-tesian 
salt  spring  at  Kissingen.  He  states  that  on  the  12th 
August  last,  "  the  curious  spectacle  was  exhibited 
of  a  column  of  water,  4  inches  in  diameter,  spring- 
ing with  a  prodigious  force  out  of  the  earth  to  the 
height  of  58  feet,  from  a  depth  of  1,878^  feet,  spreaa- 
uig  out  lilce  a  gracetui  paim-tree  at  its  highest  point, 
and  fonning  the  finest  and  most  striking  jet-d'eau  of 
this  kind  ever  beheld.  The  water,  as  clear  as  crystal, 
issues  from  the  soil  with  a  temperature  of  C6°  Fahr., 
charged  with  3|-  per  cent,  of  pui-e  salt,  at  the  rate  of 
100  cubic  feet  per  minute."  Only  one  other  such 
Artesian  spring  has  been  completed  within  the  last 
two  years,  at  Preussich  Mundeii,  in  which  the  salt 
water  is  drawn  from  a  greater  depth,  but  rises  to  an 
elevation  of  15  feet  only,  and  is  not  so  intensely  salt. 

The  saline  valley  in  which  Kissingen  is  seated 
stands  at  an  elevation  of  650  feet  above  the  level  of 
the  Baltic  Sea.  The  stratification  of  its  rocks,  from 
the  surface  downwards,  as  it  has  been  revealed  by 
the  successive  borings,  is  extremely  simple.  The 
boring  implements  first  went  through  1,240  feet  of 
variegated  sandstone ;  then  through  350  feet  of  sand- 
stone of  theVosges  formation;  next  through  150feet of 
niagnesian  limestone  (Zechstcin) ;  and  lastly  through 
13Si  feet  of  rock-salt,  thus  reaching  a  total  depth,  as 
before  stated,  of  l,878i  feet.  In  the  latter,  or  rock- 
salt  stratum  (which  is  presumed  to  be  1,000  feet 
thick),  a  pui'e  saline  source  (Soole)  is  formed,  by  a 
solution  of  the  rock-salt  in  water.  This  solution  has 
been  found  to  hold  not  less  than  27i  per  cent,  of 
salt ;  and  as  there  is  little  likeliliood  that  they  would 
be  able  to  penetrate  into  the  rock  beyond  30  feet 
deeper,  to  that  extent  the  perforation  is  to  be  pushed, 
and  the  well  completed  by  the  end  of  this  year.  At 
present  the  supply  of  water  is  at  the  rate  of  100  cubic 
feet  per  minute,  and  the  force  with  which  this 
quantity  is  ejected  to  the  height  already  stated  is 
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due  to  a  soui-ce  of  almost  entirely  pm-e  earbonic  acid 
fjas,  whicli,  having  been  met  with  at  the  depth  of 
],0S0  ffct  from  the  suifaco,  at  the  junction  of  the 

i:       '   I      ■     ;  ■   .    \  ■'      r^pcUingthe 

-■]  :  :  .'•■■'  ..!..;■  ./.  /  ••:,■  air,  in  the 
ui:aiu!i  ,;!.uvu  U!.i.:::.:ira.  In  [he  i:uu:„c  o(  the  boring 
operatious,  two  distmct  salt  wells  were  gone  througli 
at  222  and  1,210  foot  depths,  with  the  respective 
temperatures  of  50°  and  TiO'  Fahr.,  and  IJ  and  2|  per 
cent,  of  salt.  Ti  v.:  nn  ]rr  l}oth  these  wells,  at  the 
depth  of  ],'■'    *  I    .'         Litat  carbonic  acid  gas 

stratum  wa-  i  1;:^  stratum  of  gas  would 

seem  to  lir  '       '  I,  n!  iMiilrr  and  throughout  the 

liM-.I'lM.!' . :  ■  ^  y,  iiiiparting  its  peculiarly  piquant 
;■:   '     :  i:'!- to  the  several  mineral  springs 

(il  :  I,      !    .    ,  iiicnce  of  so  enormous  a  quantity 

of  gas  givinj;  ii:_-t;  to  an  extraordinary  commotion  in 
the  bore-hole,  soon  proved  an  impedim,ent  to  the 
further  extension  of  the  latter.  This  induced  Lispector 
Xnorr  to  have  recourse  to  a  new  and  simple  contriv- 
ance, by  which  he  can  arrest  the  flow  of  the  gas  into 
the  Artesian  bore,  by  compeUing  it  to  tlisperse  itself 
through  its  subterranean  recesses,  wliilst  he  proceeds 
downwards  with  his  work  of  perforation.  Wlicu  the 
entire  work  shall  have  been  completed,  3f  cubic  feet 
of  brine  per  minute,  free  from  iron  and  all  other  im- 
purities, capable  of  yielding  50  lbs.  of  crystallized 
salt,  will  be  conveyed  to  the  boiling-house  for  crys- 
tallization, carrying  with  it  a  tcmpcratwe  of  92° 
Frhr.     But  it  is  intended  to  limit  the  whole  annual 


produce  of  salt  from  this  souree  to  0,000,000  lbs., 
which,  at  the  current  market  price,  will  add  to  the 
revenue  of  the  crown  of  Bavaria  .■500,000  florins,  after 
deducting  00,00(1  llorin  I'  ;..  :l;  rvprnscs  of  work, 
fuel,  and  manacviiKi         i  <    -f  of  this  work 

will  amount  to  sfwii:  '  ,    '  ),    It  was  begun 

in  the  shaft  of  an  okl  v,.;!,  iu  1  ;•:;..',  from  which  tims, 
and  during  a  period  of  11  years,  SOO  feet  only  were 
bored  through  the  rocks,  the  operation  being  often 
inten-upted,  and  even  suspended,  from  a  feeling  of  dis- 
couragement ;  but,  in  ISW,  T;:-;  vi  ln|-  ,T.>(  |,!i  Kiiorr, 
confidently  predicating  an  \i!ii  I :.'   '  :    '  nsult, 

advised  the  govcnimcnt  to  iv  i  v  liioh 

have  never  since  been  ininn,;  t:  J,  .  iiln  ;■  Ir,  .lay  or 
night,  and  are  now  about  to  be  comiilctcd. 

BORON  is  met  with  in  nature  combined  with 
oxygen,  forming  boracic  acid.  To  separate  the  oxy- 
gen, a  portion  of  boracic  acid  is  heated  with  potassium 
in  a  tube ;  the  oxygen  partly  combines  with  the  po- 
tassium, forming  potash,  and  that  portion  of  the  acid 
which  is  not  decomposed,  unites  with  the  potash, 
forming  borate  of  potash.  The  mixture  is  then  placed 
ui  water,  when  the  borate  of  potash  dissolves,  and  the 
boron  floats  in  the  shape  of  a  hxowa  powder.  Boron 
is  of  lio  importance  in  the  useful  arts  ;  its  chemical 
symbol  is  B. 

Boracic  acid  is  found  in  Thibet  and  in  South 
America ;  but  the  principal  supply  in  Europe  is  from 
the  volcanic  districts  of  Tuscany,  called  Uiijoons, 
where  jets  of  vapom-,  called  snffwiii,  and  of  boiling 
wafer,  charged   with   boracic   acid,   are   continually 
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issuing  from  cracks  in  the  ground.  Before  the 
iiiar.ufartuic  of  lioiaeic  acid  from  these  sources  was 
',  I  I  '  1 1  '  •  I  iet  was  a  positive  nuisance,  both 
I  'ill-  difi'used  around,  and  from  the 

)M    '  -  I  I     iiii  ntly  occurred  both  to  man  and 

1  .• ,  •  -,  I    approach  the  lagoons,"  says  Dr. 

Bowrmg,  "  llic  earth  seems  to  pour  out  boiling  water, 
as  if  from  volcanoes  of  various  sizes,  in  a  variety  of 
soils,  but  chiefly  of  chalk  and  sand.  The  heat  in  the 
immediate  neighbourhood  is  intolerable,  and  you  are 
drenched  by  the  vapour,  wiiieli  impregnates  the  atmo- 
sphere with  a  strong  and  somewhat  sulphureous 
smell.  The  whole  scene  is  one  of  terrible  violence 
and  confusion ; — the  !ioi.«iy  outbreak  of  the  boiling 


element ;  the  rugged  and  agitated  surface ;  the  vo- 
lumes of  vapour;  ihe  impregnated  atmosphere;  the 
rush  of  waters  among  bleak  and  solitary  mountains. 
TIio  ground,  wliich  bums  and  shakes  beneath  your 
feet,  is  covered  with  beautiful  crystallizations  of  sul- 
phur and  other  minerals ;  its  cluiracter  beneath  the 
sui-face  at  Monte  CerboU  is  that  of  a  black  marl, 
streaked  with  chalk,  giving  it  at  a  short  distance  the 
appearance  of  variegated  marble." 

Wien  the  soil  exhibits  at  any  spot  a  higli  temjiera- 
ture,  and  vapours  of  sulphur  ascend  from  it,  or  any 
earthquake  is  felt,  a  basin  more  or  less  deep,  according 
to  the  locality,  is  dug  there.  A  column  of  vapour 
suddenly  issues   with   considerable   force   from   the 
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earth;  this  is  surrounded  with  a  -wooden  chimney,  in 
order  to  protect  the  workuieu.  A  suitable  form  is 
given  to  the  basin,  aud  the  sides  are  lined  with  stone. 
The  depth  aud  circumference  of  such  a  basin  must 
be  in  a  certain  relation  to  the  force  of  the  column  of 
vapour;  for,  when  the  depth  and  surface  are  too 
great,  and  the  basin  contains  too  much  water,  the 
passage  of  the  vapour-  is  too  much  opposed,  and  it 
often  seeks  another  exit.  These  eruptions  of  vapour, 
however,  are  not  very  constant,  for  the  volcano,  after 
being  active  for  several  years,  may  disappear,  and 
seek  a  new  passage,  at  a  distance  of  from  30  to  GO 
yards.  Prom  the  uncertainty  of  these  eniptions,  the 
localities  are  dangerous  to  visit  without  a  safe  guide ; 
for  when  the  eruption  ceases  at  a  certain  spot,  it  is 
uncertain  at  what  point  it  will  break  out :  it  then 
frequently  forms  a  subterranean  lake  near  the  surface, 
which  breaks  through  with  the  weight  of  a  man,  and 
a  very  dangerous  scalding  may  be  the  result. 

When  the  walls  of  the  lagoon  are  finished,  the 
chinmey  is  removed,  and  water  from  some  source  is 
conducted  into  the  basin,  where  it  is  heated  to  boUing 
by  the  ascending  vapour,  v,  Fig.  220.  The  water,  of 
which  not  much  is  evaporated,  takes  up  from  1  to  1|, 
and  rarely  2,  per  cent,  of  boracic  acid.  The  lagoons 
are  emptied  every  day,  as  the  amount  of  boracic  acid 
is  not  increased  by  remaining  longer,  and  the  solution 
is  conducted  from  one  basin  into  another,  as  from 
to  B,  by  means  of  the  pipe  o,  until  it  reaches  the 
reservoir  E  E,  where  it  deposits  its  mud,  &c.,  which, 
not  containing  any  more  boracic  acid,  is  removed 
fiom  time  to  time,  the  clear  liquor  occupying  the 
uppLi  le^  el  p,  and  the  mud  j  The  clear  water  is  then 
conducted  mto  the  e-\  aporatmg  pans  gg,  which  are 
heated  by  the  voleamc  steam  In  the  combe  of  62 
hours,  dmmg  wbch  the  hquor  is  passed  fiom 
pan  to  another  bj  means  of  the  >;vphon  tubes  1 1,  the 
solution  is  sufhcicutly  concentiated  and  is  conveyed 
mto  wooku  coolm.,\L    cl     i  Fig    ^n   where  it 


left  thite  d  i\b  lo  t  i  uut  dtpo  it  civstals  of  boracic 
acid  The  mother  hquor  is  drawn  off  mto  channels 
B  B  and  returned  to  the  elaiifving  leservou-,  while 
the  ciystalo  of  boracic  acid,  bemg  first  drained  in 
baskets,  c,  are  dried  in  chambers,  b  d,  healed  by 
voleamc  vapour  The  crystals  aie  purihed  by  dis- 
bolnng  them  m  two  and  a  half  timcb  then  weight  of 
Doduig  w  iter,  and  ciystaUizmg  a  second,  or  even  a 
thud  tune,  if  the  acid  be  required  ^  eiy  puro 

The  dinien  loub  of  the  lagoons  vary  fiom  100  feet 
m  cucumlerencc  and  7  feet  deep,  to  500  and  1,000 
feet  m  circumfeience  and  15  to  20  feet  deep.  The 
large  ones  enclose  fiom  3  to  15  soiuces      The  oon- 


order  to  keep  the  water  at  the  proper  level.  Rivu- 
lets had  to  be  turned  out  of  their  com-se,  to  prevent 
their  influence  on  the  basins. 

In  order  to  heat  the  evaporating-pans,  &c.,  those 
sources  are  turned  to  account  which  are  not  suited 
to  the  constmetion  of  lagoons.  The  jets  ai'e  sur- 
rounded in  the  manner  before  described,  and  thence 
conveyed  in  subterranean  stone  passages  beneath  the 
evaporating-pans.  Each  series  consists  of  li,  IS, 
and  26  pans,  1  foot  deep,  and  10  feet  superficies.  The 
vapour  condensed  in  the  passages  flows  off  through 
an  aperture,  and  the  uncondensed  vapour  escapes 
through  a  chimney. 

In  the  year  1S46  there  were  400  evaporating-pans 
in  operation,  each  of  10  feet  surface,  besides  which 
there  were  several  others  with  diaphragms,  arranged 
in  rows,  300  feet  in  length,  in  which  the  water,  con- 
stant ly  evaporating,  flowed  slowly  through  thedifferent 
divisions,  until  it  was  fit  for  the  cooling  vessels.  Up- 
wards of  1,200  lbs.  of  water  are  evaporated  in  the 
course  of  a  day.  Until  the  year  1827,  wood  was 
employed  for  heating  the  evaporating-pans ;  but  since 
that  time  the  economical  method  of  heating  by  the 
volcanic  steam  has  been  adopted,  by  which  a  saving 
of  about  10,000,000  francs  has  been  effected.  The 
production  of  boracic  acid  in  1846  amounted  to 
3,000,000  Tuscan  pounds.  It  is  stated,  however, 
that  the  impurity  of  the  acid  increases  every  year-, 
which  is  probably  due  to  the  progressive  alteration 
of  the  sti'ata,  disintegrated  by  the  currents  of  vapour, 
and  the  infiltrations  of  water.  The  first  products 
contained  from  90  to  92  per  cent,  of  pure  crystallized 
acid ;  but,  according  to  M.  Payen,  they  now  contain 
fiom  18  to  25  per  cent,  of  foreign  matters. 
The  composition  of  boracic  acid  is 

Oxygen 68.7S 

Boron 31.22 

100.00 
Boiacic  acid  is  much  used  in  the  manufacture  of 
boiax,  and  also  in  the  manufacture  of  paste  for  arti- 
licial  gems ;  it  has  also  been  used  with  success  in  the 
111  uiufacture  of  enamel. 

Boiax  IS  a  compound  salt,  foi-med  by  the  combina- 
tion of  boiacic  acid  with  soda.  It  is  first  mentioned 
m  the  writings  of  the  alchemist  Geber,  in  the  tenth 
century  It  has  a  sweetish  taste,  aud  dissolves  in 
12  paits  of  cold,  or  2  parts  of  boiling  water.  It 
unites  with  metaUic  oxides,  forming  various  coloui-ed 
glasses :  with  oxide  of  chrome,  it  forms  an  emerald 
green;  with  oxide  of  cobalt,  an  intense  blue;  with 
oxide  of  copper,  a  pale  green ;  with  oxide  of  tin,  an 
opal ;  with  oxide  of  iron,  bottle-green,  and  yellow ; 
with  oxide  of  manganese,  a  violet;  with  oxide  of 
nickel,  pale  emerald-green.  The  white  metallic  oxides 
produce  a  colourless  glass.  Borax  is  very  useful  as 
a  flux,  both  to  the  goldsmith,  in  soldering  the  precious 
metals,  aud  to  the  brazier,  in  soldering  copper  aud 
iron,  as  it  prevents  the  metal  of  the  flux  from  oxi- 
dizing, aud  even  dissolves  any  oxide  that  may  Imve 
been  formed.     [See  ArrE.\Dix.] 
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BOTTLES.     See  Glass,  Sec.  x. 

B1{ANDY.  A  spii-ituous  product  obtained  by 
distilliuy  wiiie.  Its  qualities  vary  with  the  kiud  of 
wine  employed.     [See  Distillation,] 

BRASS.  An  aUoy  of  copper  and  ziuc.  Tlio 
term  is  commonly  applied  to  the  yellow  alloy  of 
cop|)cr,  with  about  half  its  weight  of  zinc,  in  which 
case  it  is  called  by  engineers  yellow  brass;  but  copper 
alloyed  with  about  one-ninth  its  weight  of  tin  is 
the  metal  of  brass  ordnance  or  gun-metal.  Similar 
alloys  used  for  the  brasses  or  bearings  of  machinery 
are  called  hard  brass,  and  when  employed  for  statues 
and  medals  they  are  called  bkonzb.  [Sec  also 
Alloy.]  In  this  article  will  be  noticed  tlir  ri'!-v'  rf 
copper  and  zinc  only.  In  the  language  of  r 
foundry  a  pound  of  copper  is  taken  as  tin  :  i  ', 
and  the  founder  in  speaking  of  the  pn.iiniiMii,  .  i 
yellow  brass,  says  "6  to  Soz.  of  zinc"  ("to  every 
pound  of  copper"  being  understood).  In  the 
following  list  of  alloys  of  copper  and  zinc,  the 
numbers  at  the  beginning  of  each  paragraph  denote 
the  ounces  of  zinc  added  to  every  pound  of  copper. 

i  to  i  oz.  This  smaU  adtUtion  is  to  enable  the 
copper  to  cast  soundly,  which  it  does  not  usually  do 
in  its  pui-e  state.  The  addition  is  frequently  made 
in  the  shape  of  4-  oz.  of  brass  to  every  pound  or  two 
or  three  pounds  of  copper. 

1  to  li  oz.  This  forms  gHding  metal  for  common 
jewellery.  It  is  made  by  mixing  4  parts  of  copper 
with  1  part  of  calamine  brass;  or  lib.  copper  with 
6oz.  of  brass. 

3  oz.  Red  sheet  brass  made  at  Hegermiihl,  or  5^ 
copper  and  I  zinc. 

3  to  4  oz.  Bath  metal.  Pinchbeck,  Mamiheim  gold, 
similor  and  alloys  witli  various  otlier  names.  They 
resemble  inferior  Jewell'  '>  -i.li  i  i>.  ilv  nUoyed  with 
copper.     Some  of  tlir' :  ,    ilu. 

6oz.     Brass  that  l.r  r.n.tol brass  is 

said  to  be  of  tliis  pnipdrhn,! 

Soz.  Ordinary  brass,  lc.->3  adapted  to  soldering 
than  Ooz.  as  it  is  more  fusible.  This  is  also 
Emerson's  brass,  patented  in  1781,  and  the  common 
ingot  brass  made  by  simple  fusion  of  the  two  metals. 

9  oz.  This  proportion  is  one  of  the  extremes 
of  Mimtz's  patent  sheathing.  10|  oz.  is  Muntz's 
metal,  or  40  zinc  and  60  copper.  According  to  the 
patentee,  any  proportions  lictweeu  the  extremes,  50 
ziuc  and  50  copper,  and  37  zmc  G3  copper,  \vill  roll 
and  work  at  the  red  heat,  but  the  proportion  40  zinc 
to  GO  copper  is  preferred.  The  metal  is  cast  into 
ingots,  heated  to  a  red-heat,  and  roUed  and  worked 
at  that  heat  iuto  ship's  bolts  and  other  fastenings, 
sheathing,  &c. 

12  oz.  Sjielter  solder  -for  copper  and  iron  is  some- 
times made  in  this  proportion ;  for  brass  work,  the 
metals  are  generally  mixed  in  equal  parts. 

12  oz.   Pale  yellow  metal,  fit  for  dipping  in  acids. 

10  oz.  Soft  spelter  solder,  fit  for  ordinary  brass 
work,  is  mrule  of  equal  parts  copper  and  zinc.  About 
11  lbs.  of  each  are  melted  together  and  poured  into 
an  ingot  mould  with  cross  ribs,  which  indent  it  into 
Utile  ^squares  of  about  2  lbs.  weight.     Much  of  the 


zinc  is  lost  in  the  fusing  and  castmg,  so  tliat  the  ul- 
timate proportion  is  less  than  16  oz.  The  lumps  are 
afterwards  heated  nearly  to  redness  upon  a  charcoal 
fire,  and  are  quickly  broken  up  on  an  anvU,  or  with 
an  U'on  pestle  and  mortar.  If  the  heat  be  too  great, 
the  solder  forms  into  a  cake  or  coarse  liunps,  and 
becomes  tarnished.  At  a  proper  heat  it  becomes 
nicely  granulated,  and  remains  of  a  bright  yellow 
coloui-.     It  is  then  passed  through  a  sieve. 

16  oz.,  or  equal  parts,  is  one  of  the  extremes  of 
Muntz's  patent  sheathing. 

lOi  oz.  Hamilton  and  Parker's  patent  Mosaic 
gold,  which  is  dark-coloured  when  first  cast,  but  on 


.:..l.^ 


■\\liei 


Tlie  proportions  are  said  to  be  from  .52  to  5S  zmc  to 
SO  of  copper,  or  IGJ  to  17  oz.  to  the  pound. 

32  oz.,  or  2  zinc  to  1  copper.  A  bluish  white 
brittle  alloy,  very  brflliant,  and  so  crystalline  that  it 
may  be  pounded  cold  in  a  pestle  and  mortar. 

12S  oz.,  or  2  oz.  copper  to  every  pound  of  zinc.  A 
hard  crystaUine  metal,  ditfering  but  little  from  ziuc, 
but  more  tenacious.     It  is  sometimes  used  for  laps 

The  alloys  from  about  8  to  16  oz.  to  the  pound  are 
extensively  used  for  dipping,  as  in  the  various  brass 
articles  used  in  furniture,  &c.  The  metal  is  first 
annealed  before  it  is  scoui'cd  or  cleaned,  or  the  acids, 
lackers,  or  bronzes  are  used. 

The  ov(liii:irv  rauo-c  of  jond  yellow  brass,  that  files 
and  turn  ■■.-i  '  !-  '.,  :  i.unl  di  to  9  oz.  With  addi- 
tional /'M  I  Mcl.i-  and  more  crystalline, 
and  Willi  I.  1  I  <i,:,is.  Beyond  8  or  lOoz. 
thecry-i  .  ■  -f  the  alloys  begins  slowly 
to  prevail  I  ,  :  r,  |.(iint,  they  maintain  their 
mallcalai,           '.       . 

The    rrl    ,..\ ■ 


yeUov 


■  merges   into   that  of 


5  but 


little  altered  up  to  8  or  10  oz.   After  this,  it  bcci 
whiter.     [See  Alloy,  App.] 

The  addition  of  zinc  increases  the  fusibility  of  tlic 
alloy,  but  from  the  very  volatile  and  inflammable 
nature  of  zinc  in  the  fui'nacc,  the  above  named  pro- 
portions must  not  be  strictly  taken,  for  whatever 
weight  of  the  two  constituents  be  put  into  the 
crucible,  there  will  always  be  a  rapid  and  to  a  certain 
extent  uncontrollable  waste  of  ziuc. 

Brass  was  manufactured  by  cementing  sheets  of 
copper  with  calamine  or  carbonate  of  zmc,  loug 
before  the  zmc  was  known  in  a  metallic  fomi,  the 
zinc  having  been  formed  and  united  with  the  copper 
without  becoming  visible  as  a  distinct  metal.     It  is 


to  1 


s  the  0 


!  of  z: 


making  brass.  For  this  purpose  the  native  calamine, 
after  being  calcined  for  a  short  time,  is  ground  in  a 
mill,  the  galena  contained  in  it  is  separated  by  washing, 
and  it  is  then  mixed  at  the  same  time  with  about  a 
foxu-th  part  of  charcoal.  This  mixture  is  put  into 
large  eyUndrical  crucibles  with  alternate  layers  of 
copper  cut  in  siiial]  isieecs,  or  iu  tiio  form  of  shor. 


Powdered  charcoal  is  then  thrown  orei  the  whole, 
nnd  thL  rnicibles  are  covered  and  hited  up -nith  a 
miiture  of  clav,  sand  and  horse  dun^   The  old  foim  of 
furnace  was  a  cone  with  the  bise  downwiids  ind 
the  apex  cu*  off  horizont-dly      The  crucibles  were 
placed   upon   a   circular   giite   oi    peiforited  iion 
pl»te  at  the  bottom,   -with  a  sufficient  quantity  of 
fuel  thrown  lound  them,  aud  a  perfoiated   co\ci 
made  of  bucks  or  chy  wis  fitted  to  the  luoutli 
which  served  as  a  registei  to  legulate  the  heat     Tli 
modem  amn^eincnts  of  abiass  foundiy  aie  show 
m  section,  m  1  ig  222  with  the  moulding  trough 
tor  the  sand  on  one  side,  and  the  pouimg  or  s] 
trough  in  the   centre     [See   CiMno]     II 
mce    is  usually   budt  withm  a   ca»t  urn 
about  20  01  2i  mchcs  diameter,  and  30  oi  ' 
high,  wluch  IS  elected  ovei  an  a<;h  mt 
througb   a  loose  gnting  on  a  level  ^Mth  the  flooi 
of  the  foundi)      The  mouth  of  the  fimiace  stands 
about  S  or  10  inches  above  the  floor,  and  its  cen 
tral  apeituie  is  closed  with  an  iron  plate  t   called  a 
'k     The  iii'JiJe  of  the   furnace   is   coutiac^ed  to 


up,  and  1  man  stiidin"  ovei  the  opening  grasps  the 

I   crucible  between  tht  ]  ^s  cf  a  j  iir  of  touis,  and 

Lfts  it  rut  c' *hc  1  ill    bki.imedoff. 


about  10  inches  diameter  by  fire  bricks  set  m 
Stouibiidge  clay,  except  a  small  apeituie  at  the  back, 
about  4  or  0  inches  squaie,  leading  into  the  chimney. 
There  are  generally  three  or  foursuch  fumacesstauding 
in  a  row,  and  separate  fines  proceed  from  each  into  the 
great  chimney  or  stack.  Each  furnace  is  furnished 
with  a  damper.  The  fuel  is  hard  coke  broken  into 
lumps  about  the  size  of  hens'  eggs.  The  pot  or  cru- 
cible is  usually  put  into  the  fli-e  soon  after  it  is 
lighted,  with  its  mouth  downwards,  by  which  means 
the  thin  edge  gets  heated  and  expanded  first,  and 
tlie  heat  playing  within  the  pot  raises  it  gradually  to 
a  reJ-hoat,  and  prevents  the  bottom  from  cracking. 
The  pot  is  then  bedded  upon  the  fuel  in  its  proper 
position,  and  an  iron  cover  with  a  long  handle  put 
over  it  to  keep  out  the  small  cokes  while  the  man  is 
making  up  the  fire.  The  charge  of  metal  is  then 
put  in,  and  three  or  foni-  large  pieces  of  coke  are  placed 
across  the  mouth  of  the  pot ;  the  tile  is  put  on  the 
furnace,  and  the  damper  adjusted  to  the  proper  heat, 
and  the  whole  is  left  until  the  metal  is  run  down. 
After  the  alloy  is  supposed  to  be  formed,  (the  time 
varying  in  diiferent  works  from  10  to  20  hours,  ac- 
cording to  the  nature  of  the  calamine,  and  the  size 
of  the  crucibles,)  the  heat  is  increased  so  as  to  fuse 
the  whole  dowu  into  one  mass.  The  tL'e  is  llien  thrown 


and  another  man  then  seizes  the  crucible  with  a  pai 
of  tongs,  and  pours  the  contents  into  uon  moulds 
placed  in  a  slopmg  direction  guiding  the  stream  with 
an  lion  lod  as  m  Fi^  223  Duiing  this  pioce=s  there 
IS  a  consideiable  combustion  of  zuic,  the  metal 
biuning  with  its  charactei istic  blmsh  white  flame, 
and  filhng  the  whole  place  with  dense  fumes  of  white 
oxide  of  that  metal,  or  pktlosophei's  wool,  as  it  was 
fornieily  called  fiom  its  white  colour  and  woolly 
textuie  To  prevent  this  fiom  enteimg  the  lung«, 
the  men  tie  a  handkerchief  over  their  mouths  and 
nostidb  duimg  the  casting  Wien  the  materi  ds  are 
good,  a  single  fusion  is  sulEcient  to  make  good  inal 
leable  brass,  but  the  finer  sorts  undergo  a  second 
fusion  with  fiesh  caiamme  and  chaicoal 

If  the  biass  is  mtended  to  be  lolled  into  sheets,  or 
made  into  wire,  it  is  cast  into  plates  between  two 
blocks  of  Cornwall  stone.  The  lower  stone  is  fixed, 
and  the  face  made  smooth  by  filling  np  the  recesses 
of  the  rough  stone  with  fine  sand.  The  upper  stone, 
prepared  in  a  similar  manner,  is  suspended  over  the 
fixed  one,  the  space  or  mould  between  the  two  being 
limited  by  iron  bars  laid  on  the  lower  stone,  which  is 
a  little  longer  than  the  upper  one,  and  projects  to  the 
front,  so  as  to  form  a  lip  or  mouth-piece  for  receiviug 
the  metal.  The  brass,  whether  in  ingots  or  sheets, 
solidifies  unmediately,  and  can  be  tnrned  out  of  the 
moulds  directly  the  casting  is  complete. 

The  most  certain  method  of  forming  the  alloys  of 
copper  and  zinc,  is  by  the  direct  union  of  the  two 
metals  in  given  weights.  Tlie  usual  plan  is  to  thrust 
broken  lumps  of  zinc  beneath  the  surface  of  the 
melted  copper  with  tongs  ;  but  there  is  always  a  loss 
of  zinc,  and  in  every  successive  fusion,  the  more 
oxidizable  metal  wastes,  so  that  the  original  propor- 
tion is  more  and  more  departed  from.  'Vnien  the 
metals  are  not  well  covered  with  flux,  the  loose  oxide 
frequently  mixes  with  the  metal,  giving  rise  to  white 
coloured  stains  in  the  brass,  and  little  cavities  filled 
with  oxide  of  zmc. 

Jlr.    Holtzapffel,    in    his   work   on    "  Mechanical 
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Manipulation,"  to  which  we  are  already  indebted  for 
some  of  our  information  contained  in  this  article,  has 
detailed  a  number  of  interesting  experiments  which 
he  tried  for  ascertaining  the  best  methods  of  forming 


alloys  of  copper  and  zinc 

.     "The  zinc  was  added  to 

the  melted  copper  iji  vai 

ous  wavs ;  namely,  in  solid 

lumps,  in  tliiii  sheet  li-ir 

i::";vi!  iiitii  li:i!ls,  poured  in 

when  melted  in  an  ii 

'    :'           '     '1   (hese,  both 

whilst  tlio  oraciblc  \v. 

III  ■  :      ,   1  :<1  after  its  rc- 

moval  from  the  sni.u 

1    .      ■,,!:,-  uf  the  copper 

was  in  S'hm.-  (m  <  ^   .-  ■ 

Mih  1,'lass  or  eharco.-.l. 

and  in  oil,:,     :,   .   .     ■ 

'   :!    all  to  no  purpose;  iis 

-li  limed  with  most  vc\:i 

tiousbrilli;nh.,:i--,<|Mr 

1 1 1 1  lie  modes  of  trcatmeul  ; 

and  these   methods   wei 

0    therefore   abandoned    as 

hopeless.     I  was  the  mo 

re  diverted  from  the  above 

attempts,  by  the  weE  known  fact  that  the  greatest 
loss  always  occurs  in  the  first  mixing  of  the  two 
metals,  and  which  the  founder  is  in  general  anxious 
to  avoid.  Tlius,  when  a  very  small  quantity  of  zinc 
is  required,  as  for  so-called  copper  castiiic/s,  about 
4  oz.  of  brass  are  added  to  every  2  or  3  lbs.  of  copper. 
And  in  ordinary  work,  a  pot  of  brass  weighing  4011)s. 
is  made  up  of  10,  20,  01  30  lbs.  of  old  brass,  and 
two-tliirds  of  the  remainder  of  copper.  These  are 
first  melted.  A  short  time  before  pom-iug,  the  one- 
thii-d  of  the  new  metal  or  zinc  is  plunged  in  when  the 
temperature  of  the  mass  is  such  that  it  just  avoids 
sticking  to  the  iron  rod  with  which  it  is  stirred." 

Mr.  Holtzapffel  next  determined  to  melt  the 
metals  on  a  much  larger  scale,  and  in  the  usual  pro- 
portions, or  24  lbs.  copper  to  12  lbs.  zinc.  Then  to 
ascertain  the  first  loss  of  zinc.  To  re-melt  a  quantity 
of  the  alloy  over  and  over  again,  taking  a  trial  bar 
each  time  in  order  to  ascertain  the  average  loss  of 

241bs.  of  copper,  namely,  clean  ship's  bolts,  were  first 
melted  alone,  and  the  loss  was  fo\md  to  be  barely  joz. 
on  the  whole.  A  similar  weislit  of  the  same  copper 
was  weighed  out,  ami  nl-.i  V?ii.  .>i  \\.  I,,  i  TTain- 
burg  ziuc,  in  cakes    I'l  .  ,  .1  re 

broken  into  about   '    :  !  ..^t 

melted,  and  when  llir  \.!'''i«:i^  m  ii\  nm  mmwii^ 
the  coke  was  removed  tn  expose  the  (op  of  llie  pot, 
and  when  all  bubbling  had  ceased  in  the  copper,  the 
zinc  was  taken  up  with  the  tongs  a  lump  at  a  time, 
held  beside  the  pot  for  a  few  moments  to  expel  the 
moisture,  and  then  [)ut  into  the  copper  with  an  action 
between  a  stir  and  a  phinsc.  There  was  a  flare  and  a 
low  cracking  noise  as  if  butter  had  been  thrown  in. 
The  zinc  was  absorbed,  and  lln  Mfirr  of  11:.  pot 
was  clear  from  its  fumes  alinn^'  ■  •  ^  i  1  lie 
remainder  of  the  zinc  was  ailil.M  1  ..  ,,  :  i;iur, 
care  being  taken  not  to  set  tlir  1  ^^  1  ;,  ;  Mmg 
the  lumps  of  cold  metal  too  quickly.  Aflcr  each  ad- 
(Uiiou,  the  pot  was  free  from  flame  in  a  few  moments. 
A  handful  of  broken  glass  was  then  thrown  in,  the 
tile  replaced,  and  the  whole  allowed  to  stand  for 
aoout  15  minutes,  to  raise  the  metal  to  the  proper 
heat  for  pouring,  which  is  denoted  by  the  oommence- 
meut  of  the  blue  fumes  of  the  zinc.  The  pot  was 
then  taken  from  the  Ike,  well  stii-red  for  one  uduute. 


and  poured.  The  weight  of  the  brass  was  34  lbs. 
124  oz.,  snowing  a  loss  of  1  lb.  Sioz.,  or  -jLth  of  tne 
zinc,  or  ^th  of  the  whole  quantity.  In  another  ex- 
periment, the  loss  differed  from  this  by  only  half  an 
ounce,  and  the  mean  of  the  two  was  31^  per  cent, 
zinc,  or  instead  of  8  oz.  to  the  pound,  it  was  oidy 
7ioz. 

12  lbs.  of  each  of  these  brasses  were  rc-mclted 
six  times,  a  bar  of  li-lbs.  being  taken  each  time. 
The  loss  per  cent,  of 'zinc  was  exactly  the  same  in 
..Til   ,.f  1 1:,-  .,-,   .  ■  ;rMn,rMi.,   iliai    is,  at  the  sixth 

-  I'-."   .    .  ■'   I.  ,    <• .i    '-,  ,„  ;•  ,^cnt.,  or  4ioz. 

-■.:;.        1     -    ,,  1  I   .       ,   r:,sc  (he  second 

I::    '  ■!)    -::     ....-.!    1  ii-    ;,i.;:il.-l    l.,-    ,    (_urarly  twofohl,) 

and  in  the  others  the  loss  was  pretty  mucli  alike. 

In  fornung  an  alloy  of  2.75  copper  and  1  ziuc.  the 
proportions  of  which  requii-e  to  be  very  carefidly 
preserved,  as  that  alloy  was  found  to  expand  equally 
with  the  specidum  metal  to  which  it  had  to  be 
soldered.  Lord  Rosse  found  that  by  employnig  n 
furnace  deeper  than  usual,  and  by  covering  the  metal 
with  a  layer  of  charcoal  powder  2  inches  (hick,  the 
loss  each  time  was  the  smallest,  and  almost  exact  ly 
the  ISOth  each  casting.  The  charcoal  dust  was  re- 
newed by  folding  it  up  in  paper  and  throwing  it  in. 

BRAZIL-WOOD.  A  red  dyeing  material,  obtained 
from  one  or  two  species  of  Casaljiiiiti,  AVcst  Imli.-ui 
and  South  American  trees,  of  the  legumiuous  kind. 
The  term,  BrazU-wood-tree,  was  applied  to  tliese 
trees  many  years  before  the  discovery  of  Soutli 
America ;  and  it  is  said  that  the  portion  of  tluil 
continent  now  bearing  the  name  of  Brazil   was  .so 

designalril  .  .:i  ;ic', i    i  f  l  in-  .-ij i  :  !:,■>■  nl'  1  i:r   ,■  |  i^ees 

fomid  I  ii I  i.    ■  .1.'  I    M  i.lrut 

to  the  I'..    :.  .  ...  I\,.,,le 

Eaiuhu,  or  t^u. ;  u  o  \'w„,J,  v..;o  ^inu  to  lliiui,  m 
token  of  the  royal  monopoly  over  their  exportation. 
This  wood  has  also  the  u.ames  of  Pernambuco,  wood 
of  St.  Martha,  and  of  Sapan,  according  to  the  places 
which  produce  it.  The  tree  is  of  large  size,  crooked, 
thorny,  irregular  of  growth,  with  small  leaves,  and 
fragrant  red  flowers.  The  bark  is  exceedingly  thick, 
and  when  removed,  the  heart  of  the  tree,  which  is  the 
only  useful  portion,  is  of  comparatively  small  size. 
The  wood  is  of  a  pale  red  when  first  cut,  but  the 
colour  becomes  deeper  by  exposure  to  the  au-.  The 
thickest  pieces,  with  a  close  grain,  arc  the  best.  Boil- 
ing in  water  extracts  the  whole  of  the  colour,  and,  ii 
contmued  long  enough,  produces  a  very  fine  red.  This 
colour  is,  however,  very  fleeting,  and  is  used  witli 
alum,  and  tartar,  and  with  various  other  mordants, 
which  vary  the  shades  of  red  considerably.  The 
colouring  matter  of  Brazil-wood  is  easily  affected  by 
the  action  of  acids,  producing  an  oraugL-  or  yellow 
colour,  which  is  durable.  It  i- ai  .n  :i  ni.,,-  t,,  tlie 
action  of  alkalies,  which  pimi.  ,  i  -   uf 

violet  and  purple;  but  these   :.     ..  '  ,jru,!rd 

upon,  being,  in  general,  very  iLciiny. 

The  colour  known  in  the  trade  as  false  eruuson 
(to  distinguish  it  from  cochineal-red),  is  given  to 
sdks  by  means  of  Brazil-wood ;  the  silk  being  first 
boiled   with   twenty   parts  of  soap   (ler  cent.,  tlien 
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alumed,  and  refreshed  at  the  river,  and  fijially  passed 
through  a  bath  charged  with  more  or  less  Brazil-wood, 
according  to  the  colour  required.  Stronger  colour; 
are  gained  hy  first  giving  a  ground  of  annotto  to  the 
silk,  or  by  adding  logwood  to  the  hrazil-bath,  witli  a 
little  alkali,  if  necessary.  Nicaragua  and  peach-wood 
are  also  species  of  ca;salpina.  Red  ink  is  made  b; 
boihng  two  ounces  of  Brazil-wood  for  a  quarter  of  ai 
hour  in  a  pint  of  water,  and  adding  a  little  gum  anc 
alum. 

The  colom-iug  principles  belonging  to  Brazil-wood 
are  known  to  chemists  as  brasiline  and  brasileine ; 
the  first  being  the  colouring  matter  of  the  wood,  and 
the  second,  a  colom-Iess  substance,  which  appears  to 
pass  into  the  proper  colouring  matter  by  oxidization. 

Within  the  last  ten  years,  Brazil-wood  has  been  in 
some  measure  superseded  by  a  wood  imported  from 
Africa,  which  yields  a  finer  and  more  permanent 
colour.  It  is  called  by  the  dyers  cam-wood.  The 
tree  from  which  it  is  obtained  grows  at  Sierra  Leone, 
and  in  the  interior  of  Africa,  and  is  believed  to  be 
that  known  among  botanists  as  Bahia  nitida.  In 
consequence  of  this,  and  of  the  vexatious  monopoly 
on  Brazil-wood,  the  importation  of  the  latter  has 
greatly  declined,  and  is  now  inconsiderable.  By  the 
recent  alteration  in  the  tariff,  it  is  admitted  duty-free. 

BRAZING.      See  Solderiug. 

BRE.VD.  Many  of  the  useful  arts  seem  to  have 
originated  in  the  necessities  of  man's  natui-e,  wliieh 
led  liim  to  use  a  great  proportion  of  his  food  in  a 
manner  peculiar  to  himself,  and  thus  raised  him 
above  the  lower  animals  in  not  devouiing  it  raw. 
"WTien  the  diificidties  of  the  subject  are  considered, 
it  is  not  surprising  that  some  nations  regarded  the 
useful  arts  as  of  divine  origin;  for  in  the  absence 
of  science,  and  of  that  spirit  of  inquiiy  which 
scientific  researches  so  eminently  encourage,  what  can 
be  more  diflienlt  than  the  first  step  in  the  art  of 
bread-making  ?  It  was,  indeed,  a  gi-eat  discovery  in 
the  early  history  of  the  world,  that  by  moistening 
grain,  and  then  subjecting  it  to  the  action  of  heat,  a 
compact  cake  of  food  could  be  formed,  containing 
witliin  a  small  compass  a  large  amount  of  mitrition, 
capable  of  being  kept  for  a  length  of  time,  and 
yielding  when  masticated  an  agi-eeable  relish  to  the 
pahate.  The  second  step  was  also  a  difiicult  one, 
namely,  the  reducijig  of  the  grain  to  powder  before 
moistening  it.  This  was  done  by  pounding  or  braijiiuf 
it  between  two  stones,  or  in  a  mortar,  a  method  still 
practised  by  some  rude  nations.  But  the  third  step 
must  have  been  most  difiicidt  of  all,  namely,  that  of 
exciting  fermentation,  or  combming  vrith  the  bread  a 
gaseous  body  identical  with  that  which  gives  the 
foaming  appearance  to  ale,  and  the  sparkling  ap- 
pearance to  champagne.  The  effect  of  this  process 
is  as  remarkable  as  the  process  itself,  for  instead  of 
a  heavy,  hard,  tough,  dull,  indigestible  mass,  a  light, 
porous,  elastic  food  is  produced,  more  agreeable  to 
the   palate,  and  more   conducive  to  health.     The 


two  forms  of  bread  here  described  are  still  in  use, 
the  one  being  the  common  sea-biscuit  {tide  Biscuit], 
and  the  other  the  wheaten  loaf.  In  weU-made  bread, 
the  effect  of  the  gas  disseminated  throughout  its 
substance  is  remarkable.  It  forms  the  bread  into 
vesicles,  which  are  arranged  in  a  succession  of  layers, 
one  above  another,  perpendicular  to  the  crast ;  a  sort 
01  structure  called  by  the  bakers  piled  hreail,  and 
regarded  as  a  sure  test  of  the  success  of  the  batch. 
The  increased  facility  of  digestion  of  well  piled  bread 
is  thus  shown  by  Dr.  Colquhoun:^ — ^If  a  portion 
of  such  bread,  well  baked  and  thoroughly  cool, 
be  pressed  between  the  fingers,  it  wiU  crumble 
roadHy  into  powder,  and  if  placed  in  hot  water,  it 
win  immediately  swell,  disintegrate,  and  admit  of 
being  easily  diSiised  through  the  liquid.  Wherea.?, 
implied  bread  pressed  between  the  fingers  remains 
a  solid  cohesive  mass,  and  in  hot  water  does  not 
soften  further  than  to  become  a  permanently  tough 
mass  of  dough. 

The  term  loaf  is  said  to  be  derived  from  the  Anglo- 
Saxon  hiif-ian,  to  raise  or  lift  up,  the  dough  being 
loaf,  or  raised  by  a  fermenting  substance  named 
leaven,  (Latin  levo,  French  lever,  to  lift.)  Hence  the 
term  leavened  and  unleavenei  bread.  The  word  dovgh 
is  said  to  come  from  the  Anglo-Saxon  deawian,  to 
wet  or  moisten,  so  that  dough,  or  doio  means  wetted. 
Now,  if  a  mass  of  dough  be  left  to  itself  for  a 
sulfieient  time,  it  ■noU  pass  spontaneously  into  a  state 
of  fermentation  or  incipient  decomposition,  which 
win  generate  carbonic  acid  within  it,  and  give  the 
bread  baked  from  it  a  lightened  vesicular  texture. 
A  more  speedy  method  than  this  is  adopted  in 
practice,  but  if  a  small  portion  of  old  dough  in  a 
state  of  active  fermentation  be  diffused  through  a 
mass  of  fresh  dough,  the  process  of  fermentation 
thereiu  will  be  greatly  accelerated.  'WTien  this  is 
done,  the  mass  is  said  to  be  leavened,  and  the  fer- 
menting dough  thus  added  is  the  leaven.  In  the 
earliest  record  of  the  history  of  man,  we  find  that 
cakes  and  unleavened  bread  were  made  by  Abraham. 
But  leavened  bread  was  well  known  in  the  tune  of 
Moses,  for  -we  find  (Exodus  xii.  13)  a  prohibition 
against  the  use  of  it  durmg  the  passover.  Hence  it 
has  been  supposed  that  the  use  of  fermented  bread 
originated  in  Egypt.  The  Greeks  refer  the  invent  iou 
to  the  god  Pan.  The  Romans  derived  it  from  the 
Greeks,  and  until  about  200  b.  c,  when  bakers  were 
fii-st  established  in  Rome,  the  term  "pulse-eating 
nation"  was  applied  to  the  Romans  by  way  of  re- 
proach. From  Rome  the  art  of  making  leavened 
bread  was  slowly  introduced  among  the  northern 
nations,  and  even  at  the  present  tune,  in  the 
northern  countries  of  Europe  and  Asia,  fermented 
bread  is  seldom  used  except  among  the  higher 
classes.  In  many  parts  of  Sweden  rye  cakes,  as 
hard  as  wood,  are  baked  twice  a-ycar,  and  form  the 
common  bread  of  the  lower  orders.  And  in  Scotland, 
up  to  a  recent  period,  barley  bannocks  and  oaten 
cakes  were  the  ordinary  bread  of  the  people. 


The  only  substance  adapted  to  the  making  of  good 
fermented  bread  is  the  flour  of  wheat,  a  grassy 
plant,  the  triikum  of  botanists.  It  is  more  exten- 
sively cultivated  than  any  other  plant,  and  like  man, 
seems  to  adapt  itseK  to  nearly  every  climate.  Ex- 
cellent crops  of  it  have  been  raised  iii  the  latitude  of 
G0°  N.,  and  it  is  cultivated  in  the  East  Lidies  witlun 
the  limits  of  the  torrid  zone.  Its  original  habitat  is 
unknown.  It  improves  iu  quality  as  it  advances 
south,  within  certain  limits.  Thus,  tbe  wheat  of 
Essex  and  Kent  is  of  better  rinnlilr  tlnn  Hint  of 
East  Lothian  and  Berwieksliii'       T       I  i    Juat 

is  better  than  the  English.  1 !  1  ;:  ■  nil, 
but  the  wheat  of  Barbary  ami  lv_\hi  i  |h.  .mliiv  (he 
best  in  the  world. 

The  essential  constituents  of  wheat  flour  are 
starch,  also  called /«/<««  oxfecula,  glide/!,  and  a  little 
suffcir  and  allmmen.  According  to  Vogel's  .analysis, 
100  parts  of  wheat  flour  contain  starch  68  parts, 
gluten  24,  gummy  sugar  5,  and  albumen  1.5 ;  but 
tliese  proportions  vary  with  tbe  goodness   of   the 

The  ST.U1CII  of  wheat  flour  is  very  nutritive.  It 
is  a  white,  crisp,  crystalline  substance,  uisoluble  ui 
cold  water,  but  I'oniiiiig  a  thick  paste  with  hot  water. 
Wlicu  rii;i^!--l  liil  11  111  iMiiies  brown,  it  is  rendered 
solubh\,  :i;i  I    '    |in.portics  of  gum.     When 

boiled  fni   ,1  111  \ri-v  dilute  sulphuric  acid, 

it  is  couvviui  iiiiu  a  ,  pLLiud  of  sugar.  [See  Stabch.1 

Gluten  or  glutine  can  be  separated  frona  wheat 
flour  by  tying  up  a  portion  of  flour  in  a  coarse  clolh, 
and  kneadiag  it  mider  a  stream  of  water  tiU  the 
starch  and  soluble  bi;i'''(i  mh-  >  :  \.\:\  out,  and  the 
water  runs  off  clcnr.  '!  ■  'm  ,  '  :i  in  the  cloth  is 
a  grey,   viscid,   Ini"      ,  ,  .,    .     mass.     When 

moistened,  it  muli'r;_' -  ~  i  ■  i  .^  ,.['  fermentation. 
Bubbles  of  gas  separate  frnin  it,  and  in  about  ten  or 
fourteen  days  it  acquires  the  smell  and  taste  of  cheese. 
Gluten  is  a  mixture  of  vegetable  flbrine  and  a  small 
quantity  of  a  peculiar  matter  containing  nitrogen 
called  gliadine,  to  which  its  adliesivc  properties  are 
due.  Gliadine  is  gluey  and  adhesive,  insoluble  in 
water,  and  when  dry,  hard  and  translucent  like  horn. 
The  flbrine  of  other  grain  does  not  contain  gUadine. 
Barley  and  oatmeal  yield  no  gluten,  but  these  and 
other  vegetable  substances,  such  as  potatoes,  and 
even  turnips,  can  be  made  into  fermented  bread  by 
the  addition  of  gluten  or  of  wheat  floui-.  2  parts  of 
wheat  flom-  and  1  part  of  boiled  potatoes  form  an 
agreeable  bread.  The  starch  of  potatoes  i.s  a  very 
beautiful  sidjstance;  mixed  with  a  little  gmn  tra- 
gacantli,  it  is  often  sold  as  Indian  arrow-root. 


The  small  proportion  of  stjgak  in  wheat  flour, 
enables  it  to  ferment  on  being  mixed  with  water, 
^\'ithout  the  addition  of  yeast.  Thus  the  dough  of 
wheat  flom-  by  spontaneous  fermentation  becomes 
converted  into  leaven.  In  the  first  jmrt  of  the 
process,  the  fermentation  is  entirely  confined  to  the 
sugar;  and  here  the  process  ouaht.  if  possible,  to  bo 
arrested;  but  as  this  is  imi  ;iIu;i,n  p  ,,  Mile,  the 
vinous  fermentation  passes         -  ,  .md  a, 

portion  of  vinegar  is  fiirm.L  I;  w  ,  .  lurmerly 
supposed  that  the  fenncntaiinu  ui  ihc  ilougli  made 
from  wheat  flour  was  peculiar  to  itself,  and  it  was 
heuce  C'sXi.pA  panari/ fermentation.  Tliis  is  now  known 
to  be  a  mistake ;  for  if  the  sugar  be  iircvieusly  washed 
out  of  the  flour,  there  v  ill  li.  c  i  i.  r  .  nCition. 
Durmg  the   rising  of  thr  .1       '  .  <  :h  i,l  is 

formed  at  every  part,  and  In  r  i  >  i  i  i.  ,  ;  -iniiing 
liy  the  gluten,  which  formt;  e  l.iud  'A  ;iu!.Lbi\e  web. 
The  formation  of  tlie  gas  causes  the  duugh  to  swell 
in  eveiy  direction,  and  the  particles  of  starch  to  se- 
parate, in  which  condition  the  process  is  aiTcsted  by 
tljc  heat  of  the  oven,  so  that  wlien  the  bread  is  cut 
open,  it  is  piled  or  full  of  cavities,  each  of  which  in 
the  dough  contained  a  globule  of  carbonic  acid. 

If  the  milky  Av.iter  obtamed  by  washing  wheat 
flour  ill  n,J<r  I,,  rjiMMie  its  gluten,  be  allowed  to 
repoM'  i'  I  I  ;  !  :  ,  n  liecomes  clear  by  depositing 
a  qiiii::  If  this  liquid   be   boiled,  it 

become;  lu;b!il  i'..  ..i  ihc  j)roduction  of  a  flocculent 
precipitate,  which,  when  collected,  washed,  dried,  and 
purified  by  boiling  with  ether,  is  fouud  to  have 
the  same  composition  wjlh  auimal  albumen,  [Sec 
Albumejt.] 

In  the  preparation  of  wheat  for  the  manufacture 
of  bread,  the  ground  grain  is  usually  sejiaratcd  into 
three  parts,  the  four,  the  -polUird,  and  the  bran. 
Tno  bran  is  tbe  outer  husk  of  the  gi-aiu,  and  is  not 
used  as  food  except  for  horses.  The  pollard  is  the 
part  next  the  busk,  and  is  coarser  and  darker  than 
the  flom-,  whiob  foi-ms  the  interior  or  central  portion 
of  the  grain.  The  flom  forms  on  an  average  about 
three-fomths  of  the  wheat  ground.  In  the  prepa- 
ration of  wheat,  tlic  miller  forms  dirTercut  kinds  of 
flour,  some  of  wniiU  mr  \,  : ,  [|i;-  ,:iil  wluic,  (ithers 

both  to  the  eye  :m  '  :     •'  ',',,,  (jjci-e 

is  so  strong  a  pvej  11.1'.  T  in  1,.,  ..r  .,[' v,  i.e.'  I..  .^,1,  that 
scarcely  any  bread  whieh  is  not  white  will  find  a  sale. 
Hence  the  baker  resorts  to  various  methods  of 
bleaclung,  wliich  will  be  noticed  hereafter.  There 
arc,  however,  seven  distinct  kinds  of  flour  or  meal 
produced  in  England  from  a  quarter  of  wheat, 
namely : — 

Pine  flour  ....     5  bushels      3  pecks. 
Second  flom-  .     .     .     0      „  2      „ 

Pine  middlings    .     .     0      „  1      „ 

Coarse  middliugs     .     0      „  0.5  „ 
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gritty  substance,  called  sharps,  is  obtained.  This  is 
tlie  finest  portion  of  the  grain,  and  is  sold  to  the 
biscuit  bakers ;  or  being  ground  again,  it  forms  the 
finest  (lour. 

Now  it  is  important  to  inquire  whether  the  practice 
of  consuming  none  but  the  wliitest  bread,  even 
supposing  it  to  be  pui-c,  is  conducive  to  health  and 
economy.  In  the  preparation  of  wheat,  the  miller 
caunot  entirely  separate  the  bran,  and  hence  a  portion 
of  it  is  ground  up  with  the  flour;  but  by  sifting  he 
separates  it  more  or  less  completely,  and  thus  obtains 
his  seconds,  middlings,  &c.  The  whole  meal,  as  it  is 
called,  of  which  brown  household  bread  is  made, 
consists  of  the  cntii-e  grain  ground  up  together,  and 
used  as  it  comes  ft-om  the  mUlstones;  it  therefore 
coutains  all  the  bran.  By  rejecting  the  bran,  as  we  | 
do  when  the  finest  flour  only  is  used  for  bread,  we 
actually  lose  a  large  amount  of  nourishment  of  the 
most  important  kind. 

If  we  examine  the  composition  of  the  two  portions 
of  the  grain,  the  fine  flour  and  the  bran,  we  shall  be 
able  to  ascertain  how  much  they  respectively  contain 
of  the  several  constituents  of  the  animal  body. 
Professor  Johnston  has  put  the  subject  into  a  prac- 
tical form,  by  shosring  the  value  of  whole  meal  or 
household  bread,  in  forming  and  sustaining  the  three 
principal  solids  of  the  human  body — fat,  muscle,  and 

1.  The  fat.     Of   this    ingredient    1,000  lbs.   of  ' 
Whole  grain  contribute  ....     38  lbs. 
Fuie  flour 20  „ 

Bran 60   „ 

So  that  the  bran  is  much  richer  in  furnishing  the 
materials  of  fat  than  the  interior  part  of  the  grain, 
and  the  whole  grain  ground  together  is  richer  than 
the  finer  part  of  the  flour,  in  the  proportion  of  neaiiy 
one-half. 

2.  The  muscular  matter.  1,000  lbs.  of  whole 
grain,  and  of  the  flue  floui-,  contain  of  muscular 
matter  respectively — 

Whole  grain 156  lbs. 

Fiueflom- 130  „ 

So  that  of  the  material  out  of  which  the  animal 
muscle  is  to  be  formed,  the  whole  meal  or  gi-ain  of 
wheat  contains  one-fifth  more  than  the  finest  flour. 
For  maintaining  muscular  strength,  therefore,  it 
must  be  more  valuable  in  an  equal  proportion. 

3.  Bone  material  and  saline  matter.  1,000  lbs.  of 
bran,  whole  meal,  and  fiue  flour,  contain  respectively — 

Bran 700  lbs. 

Whole  meal 170  „ 

Fine  flour 60  „ 

So  that  in  regard  to  this  important  part  of  our  food, 
necessary  to  all  living  animals,  but  especially  to  the 
yo-ong  during  their  growth,  the  whole  meal  is  three 
times  more  nourishing  than  the  fine  flour. 

Taking  the  three  essential  elements  of  a  nutritive 
food  thus  existing  ia  wheat,  and  comparing  their 
respective  amounts  in  the  whole  meal  and  in  the  fine 
floui-,  we  find  that  on  the  whole,  the  former  is  oue- 


half  more  valuable  for  fulfiUiug  all  the  pui'poses  of 
nutrition  than  the  fine  flour.  "  It  will  not  be  denied," 
says  Professor  Johnston,  "that  it  is  for  a  wise 
pm-pose  that  the  Deity  has  so  intimately  associated 
in  the  grain  the  several  substances  which  are 
necessary  for  the  complete  nutrition  of  animal  bodies. 
The  above  considerations  show  how  unwise  we  are 
in  attempting  to  undo  this  natural  collocation  of 
materials.  To  please  the  eye  and  the  palate,  we  sift 
out  a  less  generally  nutritive  food — and  to  make  up 
for  what  we  have  removed,  experience  teaches  us  to 
have  recourse  to  animal  food  of  various  descriptions. 
It  is  interesting  to  remark,  even  in  apparently  trivial 
things,  how  all  nature  is  full  of  compensating  pro- 
cesses. We  give  our  servants  household  bread, 
while  we  live  on  the  finest  of  the  wheat  oui-selves. 
The  mistress  cats  that  which  pleases  the  eye  more, 
the  maid,  what  sustains  and  nourishes  the  body 
better." 

It  has  been  found  by  Majcndie  and  others,  that 
animals  died  in  a  few  weeks  when  fed  only  upon  fine 
flour,  but  lived  loug  upon  whole  bread.  Thus,  the 
coarse  bread  given  to  prisoners  is  the  best  they  could 
have,  for  being  restricted  from  aU  other  food,  there 
■would  not  be  sufficient  nutriment  in  fine  white  loaves 
to  sustain  life  for  a  length  of  tiaie.  The  nutritive 
properties  of  bran  are  exhibited  in  its  effects  in 
fattening  pigs,  &c.,  and  thus,  this  apparently  woody 
and  useless  material  is  found  to  produce  valuable 

"Wheat,  taken  in  the  natm-al  misture  found  in  the 
whole  seed,  is  the  most  nutritive  of  all  vegetable 
substances,  and  is  therefore,  when  at  a  moderate 
price,  quite  as  economical  as  some  of  the  cheaper 
kinds  of  grain.  It  is  only  when  wheat  is  very  scarce, 
and  consequently  very  high  priced,  that  substitutes 
are  sought  for  it  in  inferior  articles.  According  to 
Liebig,  Boussingault  and  others,  107  parts  of  wheat 
are  equal  in  nutritive  power  to  111  of  rye,  117  of 
oats,  130  of  barley,  13S  of  Indian  corn,  177  ot  rice, 
S9i  of  potatoes,  and  1,335  of  turnips. 

The  process  of  machinery  by  which  wheat  graic 
is  converted  into  flour  next  demands  attention.  The 
ordinary  floui-miU  is  an  object  with  which  we  are  all 
familiar,  and  is  generally  associated  with  much  that 
is  picturesque  and  beautiful.  If  the  power  employed 
be  water,  the  miU  is  usually  situated  in  a  vaUey 
enriched  by  some  considerable  stream,  and  luxuriant 
in  vegetation — the  favourite  resort  perhaps  of  the 
angler,  and  the  chosen  sketchmg  ground  of  the 
laudscape-paiater,  to  whom  "  an  over-shot  uuU " 
seems  an  especial  object  of  dehght.  WTiether  the 
power  employed  be  steam,  wind,  or  water,  the 
machinery  of  a  floux-miH  is  much  the  same :  but  as 
we  have  recently  explored  a  water-mill,  seated  in  one 
of  the  picturesque  spots  above  referred  to,  the  de- 
scription of  the  machinery  will  be  taken  from  thence, 
with  such  trifling  variations  as  our  observation  of 
other  flour-mills  may  suggest. 

The  moving  power  in  mills  of  this  description  is 
a  broad  and  heavy  wheel,  occupying  the  whole  of 
the  space  between  the  walls  of  a  chamber  in  the 
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biscmeut    th  oiigh    nhioli    tlic    sticam    ru'slies 

Tlus   wheel  miv  bo  ^Alnt  is   tumt  1   „il     lot, 

oieishot,  or  bahince,  but  oui  present  dcsciiitiou 

1 1  lies   to   in  nndcisliot  wlicel       Ihe    cnciun 

I  unee  is  piOTided  with   a  nunibei  of  piojccting 

Ijoirdh   cahcd  foat  ioatds   which  being  exposed 

t     the   action  of   a  iiumin^'  stieani    (geneially 

icised  by  lu  iitiGcid  fiU)  cause  tlio  v>]\cd 

t     1  0  diiveu  lound,  and  thus  to   comniuiucate 

1     tiun  to  all  the  lest  of  the  niachmeiy      11  e 

o\Lishot  and  balance  -n heels  aic  close  boarded, 

or  close  soled  as  it  is  called,  lound  their  ciicuni 

V    fcrence,    thit  is    they  aie  closed  m  the  spaces 

^   between  the  float  bo  iids,  but  the  undeish  t  ^^heel 


en  the  wheat  is  biou{,ht  m  sacks  to  the 
;  IS  hoisted  fiom  the  wagon  to  an  upper 
whence  lu  due  tunc,  and  being  piopcily 
,d  it  descends  to  the  nidi  stones  by  means 
hoppei  tl  e  quantity  being  rcgidated  so  that, 
luibk    n  «      f  ^1   in     h  11   h     contnmaUy 


h  the  ujiLi  tune  iL\uhi,b  Alotion  is 
n  to  this  SI  uidle  and  consequently  to  the 
ci  stone  b>  eogwhcLls  below,  connected 
1  the  nieat  w  iter  wheel  oi  fust  mover 
ugh  the  hole  m  the  centie  ot  the  upper 
L  the  com  is  admitted  by  means  of  a  funnel 
suifaccb  of  the  stones  aie  pluie  or  flat  but 
ha-ve  a  niiinbci  of  shallow  fuuows  cut  m 
n  for  the  pas'^age  of  the  floui,  which  is  forced 
on  all  sides  aftei  it  has  been  fidly  iidvcu/cd 
the  action  of  tne  stones  But  it  doto  not 
r  pe  to  any  great  distance,  foi  a  laige  wooden 
s     LOvers    m   the  stones  while   they    aie   m 
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iictiou,  and  coniines  (he  iiom'  to  a  ccrtaui  space 
of  the  floor  of  the  room.  Within  this  space  there 
is  a  small  opening  in  the  floor,  thi-ough  which,  as 
the  case  becomes  fuE,  the  flour  rapidly  falls,  and  is 
conveyed  by  a  spent  to  its  destined  bin.  The 
channels  or  fui-rows  in  the  mill-stones  are  arranged 
in  a  particuliar  order,  there  being  frequently  eight 
long  ones  from  the  centre  to  the  cii-cmnfcrcnce  called 
master-fiu'ro'ws,  and  twenty-four  shorter  ones,  ar- 
ranged in  the  mamier  here  represented.  Each  fur- 
row is  cut  perpendicularly  on  one  side  and  obliquely 
on  the  other,  which  gives  it  a  sharp  edge.  Both 
stones  an'  eul  cxnctly  alike;  hence  it  follows,  that 
when  the  upper  one 
is  tunied  over,  and 
its  position  re- 
versed, the  sharp 
edges  then  come 
opposite  each  other 
and  when  in  mo- 
tion, they  meet,  and 
cut  the  com  to 
pieces.  The  plane 
parts  of  both  stones 
f'kj.  22i.  are  called  "  lands." 

The  bedding  of  mUl-stones  is  a  matter  of  great 
importance,  and  the  requisite  fii-nmess  is  usually 
secured  by  a  cast-iron  frame-work,  fitted  with  screws,, 
and  supported  by  the  cross  timbers  of  the  flooring 
of  the  miU.  A  patent  was  taken  out  in  1S21  for 
fixmg  the  stone  in  a  cast-ii'on  frame,  embedded  in 
pl;i-lri -(.f.V'.iii  .  ,iiid  uf  one  uniform  strength,  but 
ilir  I  !         ,    ,  imouerally  adopted,    ilill-stones 

aiv  '  I   i  .  ;;il?,  but  those  in  general  use  for 

griihi:,i;:  w  1  > :  1  ;ii'  made  of  a  very  hard  siliceous 
stone  imported  from  France,  the  teehnicai  name 
being  bui-r  or  luhr.  Tliis  stone  is  so  porous  that  it 
sometimes  requires  to  be  filled  up  in  parts,  with  a 
composition  of  alum  and  grit ;  and  yet  it  is  so  hard, 
that  a  pair  of  stones  in  fuU  work  vriU  last  twenty  or 
thirty  years.  The  mill-stone  is  not  one  solid  piece, 
but  is  made  up  of  a  muuber  of  pieces,  cemented  by 
plaster-of-Paris,  and  secui'ed  by  iron  hoops  round 
the  eii'cumference.  Bm-r-stones  are  a  rare  geological 
formation,  and  are  found  in  abundance  only  in  the 
mineral  basin  of  Paris,  and  some  neighbouring  dis- 
tricts.   The  finest  quarry  of  them  is  near  La  Ferte 

There  is  much  ditt'creuce  of  opinion  as  to  the  best 
size  of  mill-stones,  and  the  velocity  which  should  be 
employed.  The  generality  of  miU-stoues  are  from  4 
to  5  feet  in  diameter,  and  make  fi-om  SO  to  100  revo- 
lutions m  a  minute ;  but  the  tendency  at  present  is 
to  diminish  their  size,  and  increase  the  velocity  of 
their  revolutions.  Great  velocity  generates  heat, 
which  with  the  large  stones  is  very  injurious  to  floiu-, 
and  produces  a  condition  of  that  article  known  to 
millers  as  rjreased,  indicated  by  a  soft  and  slippery 
feeling ;  but  it  is  found  that  with  small  stones, 
Itiioiiyh  the  velocity  be  great,  the  com  does  not 
remaui  long  enough  under  tuem  to  arrive  at  this 
condition.     The  oiJy  disadvantage  of  the  small  stones 


seems  to  be,  tbat,  m  dressing  the  flour  prepared  from 
them,  more  middlmgs  or  sharps  are  made  than  by  the 
large  ones.  Where  meal  of  a  very  superior  quality 
is  reqmred,  a  sheeling-machine  is  added  to  the  rest  of 
the  apparatus,  and  the  wheat  is  first  passed  through 
a  cylindi-ieal  sieve,  to  remove  all  impurities,  and  then 
between  a  pair  of  miR-stones,  called  sheeling-stones, 
which  remove  nearly  all  the  bran  without  breaking 
the  corn.  These  stones  are  not  cut  into  channels, 
nor  are  they  brought  so  near  together  as  the  grinduag- 
stones.  The  slieeled  wheat  is  received  into  a  sieve, 
and  afterwards  into  a  fanning-machinc ;  and  when, 
by  the  action  of  these,  the  bran  is  entii-ely  separated, 
it  is  then  ground  into  flour,  which  is  of  remarkable 
whiteness  and  purity,  although  for  the  purposes  of 
nutrition  it  is  not  improved  by  this  process.  Without 
reference  to  this  refined  method,  the  ordinary  fine 
flour  is  produced  by  wheat  of  the  best  quaUty,  well 
and  perfectly  ground ;  that  is,  having  the  bran  and  the 
floiu-  completely  separated,  without  reducing  the  bran 
to  such  small  particles  as  to  allow  of  its  going  through 
the  dressing-machine  with  the  flour.  The  miller's 
own  experience  can  alone  guide  him  in  gi-mding  well, 
and  keeping  his  millstones  in  proper  order.  The 
evils  of  over-grinding  and  under-grinding  have  both 
to  be  guarded  against :  the  former  injuring  the  flour ; 
the  latter  sidDJeoting  the  miller  to  loss.  Damp  wheat 
clogs  and  impedes  the  stones,  and  leaves  no  remedy 
but  fresh  dressing  them ;  therefore,  if  di-yiiess  cannot 
be  attained  by  natural  means,  kiln-drying  must  be 
adopted,  although  the  wheat  is  deteriorated  thereby. 

"Wlieaten  flour,  in  common  with  every  other  article 
of  commerce,  is  subject  to  adulteration ;  but,  fortu- 
nately for  the  consumers,  the  adulterating  material 
is  not  unwholesome.  This  is  generaUy  bean  or  pea- 
flour,  and  is  not  used  in  sufficient  quantity  to  make 
it  of  serious  importance ;  while  in  some  of  the  more 
extensive  nulls,  we  are  assured,  adulteration  is 
unknown. 

Flour  is  dressed,  or  separated  from  the  bran,  by 
means  of  a  dressing-machine.  This  is  an  uigeuious 
contrivance,  in  the  form  of  a  long  hoUow  cylinder, 
placed  in  a  slanting  position,  and  covered  internally 
with  wir-e-cloth,  of  varying  degrees  of  fineness.  Ex- 
ternally, the  framework  of  the  cylinder  is  composed 
of  longitudinal  and  circular  ribs  of  wood,  placed  at 
regular  distances  from  each  otlier.  Inside  the  cyUuder 
is  arevoh-ing  reel,  with 
hair  brashes  attached. 
Fig.  226.  These  ex- 
tend  the  whole  IcuLt'i 
of  the  cylinder,  rni 
as  they  revolve,  bru^li 
against  the  wire-cloth 
Iming  of  the  cylinder, 
agitating  and   driving  ^'a-  --■'■ 

through  its  interstices  the  finer  portions  of  the  meal, 
which  had  been  previously  taken  from  the  miU-stones 
in  sacks,  and  raised  by  means  of  sack-tackle  to  an 
upper  floor,  whence  it  now  gradually  descends  through 
a  spout  into  the  dressing-machine.  The  finest  of  the 
flum-  AiiU  go  through  the  upper  end  of  the  cylinder. 


because  the  finest  wii-e-cloth  is  placed  there ;  the  next 
finest  through  the  next  division ;  then  the  middlings, 
through  the  next  division ;  and,  finally,  the  pollards, 
or  sharps,  thi-ough  the  last  division;  -while  the  bran, 
being  too  coarse  to  go  through  any  of  the  divisions, 
is  discharged  at  the  lower  end  of  the  cylinder.  The 
whole  of  this  apparatus  is  euclosed  in  a  largo  box,  to 
prevent  the  waste  of  floiu-  which  would  othervrise 
take  place.  The  lower  part  of  the  box  is  divided 
into  compartments,  into  wliich  the  flour  faUs,  accord- 
ing to  its  several  degrees  of  fineness,  and  can  thus  be 
kept  distinct ;  but  these  divisions  can  be  shifted  at 
plcasui-e,  so  as  to  vary  the  qualities  of  the  flom-. 
When  the  meshes  of  the  cylinder  become  clogged,  as 
n  the  course  of  time  they  always  do,  a  brush,  acted 
upon  by  the  machinery,  is  applied  to  the  exterior,  and 
clears  it  in  a  much  shorter  time  than  it  could  be  done 
in  the  old  way  by  hand.  The  pmion  for  turning  the 
dressmg-maohine  should  be  made  to  revolve  in  cither 
dii-ection,  because  tlic  hair  of  the  brushes  becomes 
bent,  and  worn  on  one  side,  requiring  to  have  the 
action  reversed. 

The  di'cssing-machine  is  a  great  unprovcnient  on 
an  earlier  method,  called  the  boltuig-miU,  wliieli  is 
nat,  however,  out  of  use.  Both  machints  are 
■mployed  in  the  flom--niill  lately  visited  by  the 
wi-itcr.  The  bolting-mill.  Fig.  227,  it.  a  long  reel, 
crcd  v.\ih  a  peculiar  kind  of  cloth,  somewhat 
similar  to  that  of  which  shrouds  are  made.  This 
reel,  with  its  cylindi-ical  cover  of  cloth,  revolves 
rapidly,  and  in  <!n  rloinQ-  eonip"^  in  contiet  ^ith  a 
uumbcr   '  ''   '  '  '        "    '         '  '    ' 


;AD.  17'J 

This  apparatus  is  also  enclosed  within  a  box,  to 
prevent  waste  of  flour. 

From  the  several  varieties  of  H mr  nVfaiiird  h-j  Uie 

above  processes,  three  kind- >  :   I        I  me 

usually  manufaetui-ed  in  Gn:::  i'.  ■  ,  I  \.  ,.;iiru 
bread,  ox  fnsln,  which  is  ni.i-'       i   ;   -  ;    ilmr; 

2.  Household  bread,  or  sf.v  .  /  ',  .  ,  -  ^liat 
coarser;  3.  Brown  bread,  u;  ;,    i,    ,     ..iado 

of  flour   of  various   degrn-.  '\    <  With 

wheat  of  the  same  quality,  tin;  r-  i  i  in  -.  i  .  iIik  iicss 
of  the  flour  depends,  as  already  noticed,  on  the  dress- 
ing, or  separating  of  the  husks  of  the  wheat,  after 
being  ground.  For  maldng  firsts,  the  flour  is  en- 
tirely separated  from  the  bran  or  husks ;  in  the  other 
descriptioiis,  the  bran  is  not  entirely  removed,  but 
the  coarse  broad  bran  is  separated  from  the  coarsest 

The  bake-house  ought  to  be  a  large  room,  with  a 
dresser  on  one  side,  with  suitable  shelves  aljove  it. 
On  another  side  is  the  kneading-trough,  which  is 
about  7  feet  long,  3  feet  high,  SJ-  feet  broad  at  the 
top,  and  19  inches  at  the  bottoiri,  with  a  sluice-board, 
to  pen  up  the  dough  at  one  end,  and  a  lid  to  shut 
down.  The  third  side  contains  a  copper,  capable  of 
holding  3  or  4  buckets  of  water.  The  oven  occupies 
the  foxu-th  side :  this  may  be  3  or  4  feet  high,  with 
an  arched  roof,  and  a  brick  or  stone  floor,  furnished 
with  a  door  to  sbit  close.  The  fire-place  is  usually 
at  one  side,  and  the  heat  is  communicated  by  winding 
the  flue  round  the  oven.  A  portion  of  the  fii'c  is  also 
u'^cd  for  heatnis:  the  copper.  The  proper  temperature 
'  "      (  ■        fill','-'    -'i    't    i"i(P:  the  baker"!. 
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against  them  with  considerable  force,  and  thus  forcing 
the  finer  portions  of  the  meal  within  the  cloth  to 
escape  through  its  substance.  The  boltmg-cloth  is,  in 
fact,  a  cyluidrical  sieve,  and  its  chief  defect  is  that, 
in  sifting  the  meal,  it  produces  only  one  quality  of 
flom-,  instead  of  several,  as  in  the  di-essing-macliine. 
On  tliis  account  it  is  necessary  to  have  boltuig-cloths 
of  different  degrees  of  fineness,  and  to  change  them 
according  to  the  sort  of  flour  lequired.  Tlie  boltuig- 
cloth  is  terminated  at  each  end  by  a  broad  piece  of 
wliitc  leather,  neatly  sewed  on,  with  a  drawmg-striug 
round  it.  The  leather  answers  the  double  pm-pose  of 
strengthening  the  bolting-cloth,  and  allowing  the 
miller' to  fasten  it  securely  to  the  reel.  The  bolting- 
tnil1,  l.ke  the  dressuig-machine,  is  placed  in  an  inclined 
position,  and  the  refuse  falls  down  to  the  tail  end. 


oftl 

1  suilicieut  . 
I  .    u  isl  of,  1.  Tlie 

I  i„ade  of  hair. 

/  ,1        1      ,  1       il        .1    XbiirUt]  5.  A 

iuicl,  CXijMo/c  ur  Jiuul,  7.  A  scili-ii,t,  placed 
near  the  oven ;  S.  A  ijcust-iiih  ;  9.  A  dough-knife, 
about  the  «i70  nf  a  Inrcre  cirvcr,  -with  a  round  blunt 
pomf  ;    Ti    V    '       ,J  ','       11     \  -•    /     ,  made 


peel  bchig  a  b.ut  of  sIi.ulI,  ^Mth  a  l.nig  luauUc,  use<l 
to  set  the  bread  in  the  oren,  and  also  to  take  it  out ; 
13.  Tins,  or  iron  plates,  for  baking  buns,  pics,  pud- 
dings, &c.  on  ;  I'i.  Coarse  thick /(//irfp/t,  for  covering 
up  the  daugli  and  the  bread;  15.  Knisp,  or  broad 
flat  file,  with  a  wooden  handle,  for  rasping  burnt 
cnist  off  bread;  16.  The  sf^/Z/e  or  5wr/M<v,  a  quantity 
of  wet  netting  at  the  end  of  a  pole,  about  S  feet  lonir, 
for  cleaning  the  oven,  preparatory  to  settuig  the  batch  ; 
17.  Set-ups,  or  foiu'-sided  oblong  pieces  of  beech,  for 
I)laeing  on  both  sides,  and  at  the  back  and  fiont  ot 
the  oven,  to  keep  the  loaves  in  tlicii  places;  lb.  The 
rooker,  a  tool  resembling  the  letter  L,  fixed  in  a 
wooden  handle,  for  the  puiiiosc  of  Avim  uig  out  the 
ashes  from  the  oven ;  19.  A  hoe,  which  is  used  for  a 
similar  purpose. 
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At  the  time  wheu  Dr.  Colquhoiin's  cs^ay  was 
written,  the  following  appears  to  have  been  the  prac- 
tice of  the  Loudon  bakers  in  the  manufactm-e  of  bread 
by  means  of  yeast-fernieutation.  The  baker  generally 
takes  a  portion  only  of  the  water  which  he  intends  to 
employ  in  making  the  req\m-ed  quantity  of  dough. 
The  temperatui-e  of  the  water  varies  from  70°  to  100°, 
and  contains  a  portion  of  the  salt  necessary  to  give 
the  bread  its  proper  flavoiu-.'  Yeast  is  next  mixed 
with  the  water,  and  then  a  portion  of  flour  is  added, 
always  less  than  the  quantity  intended  for  the  Cuished 
dough.  The  mixtiu'e  is  covered  up  and  left  in  a  wai-m 
situation.  The  substance  tlius  set  apart  is  called  the 
sponr/e:  its  formation  and  covering-up  is  termed 
setting  the  sjmi/i/e,  and  according  to  the  amount  of 
water  in  the  sponge,  with  reference  to  the  whole 
quantity  used  in  the  dough,  it  is  called  (Quarter,  half, 
or  whole  sponge.  Li  about  an  hour,  the  mixture  thus 
set  apart  begins  to  ferment.  It  swells  out,  and  heaves 
up,  evidently  in  consequence  of  the  generation  of 
some  infernal  elastic  fluid,  which  in  this  instance  is 
always  carbonic  acid  gas.  If  the  sponge  be  of  a 
semi-duid   oonsistcucc,   large   bubbles   of 


n,n 


V  brrak  and 


capable  of  contauiing  the  pent-up  ai 
subsides.  This  process  of  rising  and  falling  might 
be  carried  on  actively  and  frequently  during  many 
hours,  but  experience  lias  taught  the  baker  to  guard 
against  allowing  full  scope  to  the  energy  of  the  fcr- 
uieutation.  He  generally  iutcrferes  after  the  second 
or  third  dropping  of  the  sponge,  and  were  he  not  to 
do  so,  the  bread  formed  from  this  dough  would  be 
sour  to  the  taste  and  smell.  At  this  period,  there- 
fore, he  adds  to  the  sponge  the  remaining  proportions 
of  flour  and  water,  and  salt,  which  may  be  necessary 
to  form  the  dough  into  tlie  requii-ed  consistence  and 
size ;  and  next  incorporates  all  tliese  materials  with 


flour  have  been  intimately  blended  together,  and 
until  the  glutinous  particles  of  the  flour  are  wrought 
into  a  tough  and  elastic  dough,  so  that  it  will 
receive  a  smart  pressure  of  the  hand  without  ad- 
heruig  to  it,  the  kneading  is  for  a  time  suspended. 
The  dough  is  left  to  itself  for  a  few  hours,  dui-ing 
which  time  it  continues  m  a  state  of  active  fermen- 
tation throughout  its  whole  extent.  It  is  next  sub- 
jected to  a  second  but  much  less  laborious  Imeading, 
the  object  of  which  is  to  distribute  the  gas  within  it 
as  equably  as  possible  throughout  the  whole  mass,  so 
that  no  part  of  the  dough  may  form  a  sad  or  ill-raised 
bread  from  the  deficiency  of  gas,  or  be  too  spongy 
from  its  excess.  After  the  second  kneading,  tlie 
dough  is  weighed  oat  into  the  portions  requisite  to 
form  the  kinds  of  bread  desired.  These  portions  of 
dough  are  shaped  into  loaves,  and  once  more  set 
aside  for  an  hour  or  two  in  a  warm  place.  The 
contmued  fermentation  soon  generates  a  sufficient 
quantity  of  carbonic  acid  to  expand  each  mass  to 
about  double  its  foi-mer  volume.  They  are  now  con- 
sidered fit  for  the  fii-e,  and  are  finally  baked  into 
loaves,  which  when  they  quit  the  oven  are  nearly 
twice  as  bulky  as  when  they  had  entered  it.  The 
generation  of  the  due  quantity  of  gas  within  tlie 
dough  is  necessary  before  placing  it  in  the  oven, 
because  as  soon  as  the  dough  is  exposed  to  a  great 
heat,  the  process  of  fermentation  is  arrested,  and  it 
is  only  the  previously  contained  gas,  which  cxpand.s 
by  the  heat  throughout  every  part  of  each  loaf,  that 
swells  out  its  whole  vohune,  and  gives  it  the  piled 
vesicidar  structure.  Thus  a  well-made,  and  well- 
baked  loaf,  is  composed  of  an  infinite  number  of 
cellules,  each  of  which  is  filled  with  carbonic  acid 
gas,  and  lined  with  or  composed  of  a  glutinous  mem- 
brane; and  it  is  this  that  communicates  the  b'ght, 
clastic,  porous  texture  to  the  bread. 

The  next  process  is  that  which  is  actually  practised 
at  the  present  day.  It  is  giveu  in  Mr.  Charles 
Knight's  excellent  series  of  works,  published  under 
the  general  title  of  "  Guide  to  Trade."  The  number 
entitled  "The  Baker"  has  fui-nished  us  with  several 
useful  liints  in  the  preparation  of  this  article. 

Take  a  peck  of  potatoes,  (about  Slhs.)  and  boil 
them  with  their  skins  on;  mash  them  in  the 
seasoning  tub,  add  2  or  3  quarts  of  water,  about  the 
same  quantity  of  patent  yeast,'  and  3  or  4  lbs.  of 
floui-.  Stir  them  well  together,  and  cover  the 
mixture  \ip  close  with  a  sack,  and  let  it  stand  for  6 
or  12  hours,  when  it  will  have  become  what  is 
called/tfrOTe«A     Then  empty  or  sift  a  sack  of  second 


the  sponge  l.v  a  l,ii-  iiii.l  hiborious  course  of  ''.I""* 
kneading.  Fig.  228.  When  this  process  has  been  J,™^j° 
coiitiuued  until  the  fermenting  and  the  newly  added    added. 


dour  into  the  tiough,  lud  tike  i  little  less  tlnn  one 
qinitci  of  the  bick  of  floui,  and  pui  oi  block  it  up 
to  one  cud  of  the  trough  vitli  the  pui  boaul  Ihen 
biiiiii  the  s(.isomng  tub  \uth  the  feiment  m  it  to  the 
tifiuh  pom  m  a  suffieient  quantity  ot  -n-nm  ^^•\tcl, 
(111  uiuii  1  cdd)  stir  up  the  mix'uie  with  tin 
h  I  ii\  lump^  of  potatoes  that  may  be 

11  1  It  through  a  sieve  tosepantethc 

tlitnpoui  themi\tuieliriuoi  into 
Ih    ll     1  I  '     1  111  (  n  pieMOusly  pmncd  oi  1  I  icki.l 

up  it  one  end  ol  the  tiough,  and  nu\  it  w   11  ii  i     0 
flour  with  the  hands      Spunkle  a  bttle  11  lui        i 
top,  and  let  it  stand  5  or  0  houis,  dm  in    h  i        i 
the  sponge  will  have  iisen  twice     The  lll^l  n  a  ^  i 
suffeicd  to  bicak  and  go  down     In  ibout  an  hoiu  or 
so,   accoiding  to  tho  he  it   of  the   bakehouse,   tlit 
sponge  rises  a  second  time     uid  ju  t  as  it  is  about  to 
bieak  again,  or  win  u  i '  'the  buistmg 

of  the  bubbles,  aboii  i  I  i  make  up 

the   batch   aie   ptiu  liom   the 

bcasoiuug  tub,  the  w  u  I  ^1  '  \  l  1  in  it  ibout 
i  lbs  ol  salt  and  8  oz  ol  :=liai,  (bumc  use  10  oz  of 
btuft,  01  c\tu  moie)  The  hcpioi  ought  to  be  well 
nuvedwith  tie  spnn"  which  bcnis:  dnnc  the  j  in 
bond  IS  t  1     1  1  I   'I 

WOlkcd    .1 

the  pm  1) 

put  ot  the  ti  iiji  IS  tliui  iimlkl  wilh  11  ui  to 
iie\Liit  the  dou^h  honi  stickin^-  the  pin  boaul  is 
knocled  out  and  the  dou^-h  is  plchid  out  ot  the 
Iruu'hrutli    hi     111  i      itc  ti   i  Ji,  when  it  lo 

,nt  mto  ,  I  '     .        /  /  o^as  It  is 


Aftei  sel/mr/  the  dutch,  that  .  ,  phcmg  the  loaves 
m  the  oven,  (iig  230  )  which  lequues  a  good  deilof 
bkiU,  a  set  up  IS  phcul  in  fiont  ot  it  The  pot  itoca 
(oi  the  ne^Lt  Icuiiait   m  1  lit    nl      il    "1'      nl|liced 


t      1^,    Hj^  M'-  -^ 
fei')p#      .     ' 


mthe  o\(U  lo  1,  ll  A\  1  II  1  i  I  itocs  aic  done, 
and  while  stiU  hot  the  1.  iinciit  in  the  next  batch 
must  be  mixed  Twentj  '"oui  liouis  elapse  tioin  the 
'  mixuicr  of  the  fciment  to  the  time  when  the  bicad  is 

1     I  wo  see  tint  the  London  bakei  in 

I  of  biead  makes  use  ot   potatoes, 

|i    II         tti    salt,  and  stuff     A  few  itmaiks 

u(  nirissin  Kspeotmg  each  of  these  mgicdients 

j      As  a  sack  ot  floiu  weighs  2S0  lbs  ,  the  addition  ot 

so  small  a  quantity  of  pot  does  as  8  lbs    c  iimot  be 


It  is 


,0  that  bc 


of  t 


vailed  These  masses  aie  then  moulded  info  sh  qu 
and  put  aside  m  a  regulai  nnmiei  to  be  hu  ill\ 
moulded  into  loaves,  taking  eaie  to  mould  those  In  t 
which  weie  fiist  scaled  oil  Pie\ious  to  mouldiu 
the  oven  must  be  well  swabbed  out,  and  the  up  seta 
chalked,  to  prevent  the  bicad  stiekmg  to  thcin 
They  are  then  placed  at  the  back  and  on  each  side 
ol  the  o\en  by  means  of  the  peel  ihe  long  loaves, 
or  the  quartern  and  hJfquaitcin  bucks,  aie  put 
irto  the  o\en,  packed  togethei  as  close  as  possible 
The  common  round  biead  is  also  packed  close,  but 
the  cottage  bread  must  be  placed  sepaia^eh  each 
loaf  bj   itsclt    01  it  wiU  not  be  ciusted  all  rouiuL 


ise  a  veiy  much  laigei 
lit  intention,  potatoes 
bcm^    I  I         I  us  than  a  similai  weight 

of -i^h    I  I  '    wtvei,  notlmig  iiijuuous 

(o  till    I  I  iiiiei  ni  fbe  piactice,  and 

the  ad  1  I  A'  ''>  ''s  Uie  bakeis  teun 

it.toi        I  I  lit.   IS,  tfumaitd.on, 

and  to  impi   \     tht    qi     n  n  '  '      ' 

A  fai  moic  objcctionalil  '"  ''  ^ 

usedby  the  bakeis  nude  1  til  i  i        /'/ 

Its  object  lb  to  bleach  till   1        II    t  i'  mn  i  m 

which  it  acts  as  a  bleuhing  m  lUml  is  b^  in  means 
undeisfood  It  is,  howevei,  positnely  stated  tint  if 
it  bo  omitted,  the  bicad,  msteid  of  beuig  white,  is 
bio\Mi  The  piopoition  of  dum  to  a  sack  of  floui 
is  much  1(  s  than  is  genei  illy  supposed ,  and  it  is 
c^di  less  tlnn  the  bakeis  themselves  aio  aw  aie  ot, 
1  1   I    tho   IK  lublt  to  \hci\^  fine  if  alum  be  lound 

,,!,,,  ,11  I  ll        I      '    Is  ot  sti/fiL-idj 

The   bakeis 

I  r  as,  it  actually 

,      I      1  i  ^  ,         1,1  t  common  salt 

ihis  mixtuic  IS  sold  in  poiuid  pickets  at  2rl  tacli 
8  oz  of  this  stuff  aie  used  to  a  sack  of  flom,  so  that 
the  quantify  ot  ilmn  is  only  2  oz  to  280  lbs  of  floui, 
a  quantity  too  small  to  liav  e  any  uijuuous  effect  on 
the  health  The  piesence  of  dum  also  causes  the 
loaves  to  break  fiom  each  other  with  a  much 
smoothei  surface  than  if  it  wcie  absent 

It  IS  staled  tint  sypsuia,  cli  ilk,  i  ipe  c'av    and  blu" 


and  white  vitriol  have  been  used  to  adidtcrate  bread. 
These  are  most  pernicious  adulterants.  Groiuid  bones 
are  also  mentioned  among  the  adulterants,  but  the 
reduction  of  bones  to  a  powder  fine  enough  for  the 
purpose  of  adulterating  flour  would  be  more  costly  than 
the  flour  itself.  We  believe,  however,  that  the  cliief 
adulterant  of  bread  is  in  the  floui  itself,  good  flour 
being  adulterated  with  an  inferior  flom-,  or  with  the 
floui'  of  beans  or  peas.  These,  together  with  potatoes, 
are  perfectly  harmless.  The  great  objection  to  then- 
use  is  that  the  customer  pays  for  them  the  same 
price  as  he  woidd  do  for  the  fine  flour. 

Salt  is  a  necessary  article  of  food,  and  it  is  added 
to  bread  for  the  purpose  of  flavour'.  If  the  quantity 
be  large,  the  bread  retams  more  moisture  than  it 
otherwise  would,  and  thus  weighs  heavier.  But  the 
taste  of  such  bread  sufficiently  indicates  its  bad  qua- 
lity ;  it  is  rough  in  the  grain,  and  two  adliering  loaves 
generally  separate  unevenly.  The  usual  allowance  of 
salt  is  an  ounce  to  the  quartern  loaf;  but  the  salt 
may  be  introduced  by  combining  its  constituents  in 
the  dough,  for  which  purpose  the  floui'  is  mixed  up  with 
a  solution  of  carbonate  of  soda,  and  then  a  solution 
of  muriatic  acid  is  added.  The  carbonic  acid  thus 
disengaged  will  supersede  the  use  of  yeast ,  and  will 
form,  when  baked,  a  light  and  excellent  bread. 

The  usual  method  of  fermenting  bread  is  by  means 
of  yeast.  This  is  obtained  from  the  London  brewer.=, 
or  is  manufactured  for  the  purpose,  as  already  noticed. 
Ale-brewers'  yeast  is  well  adapted  to  the  purpose,  but 
it  cannot  be  obtained  in  sufficient  quantity.  The 
yeast  of  the  porter-brewer  is  too  bitter  and  too  higlily 
coloui-ed  to  be  used  without  a  previous  washing. 
Distillers'  yeast  has  neither  bitterness  nor  colour,  but 
it  is  scarce.  In  warm  clunates,  where  yeast  cannot 
be  had,  other  ferments  are  substituted.  In  the  East 
Indies  bread  is  raised  by  means  of  a  liquor  caUed 
toddi/,  which  flows  from  the  cocoa-nut  tree  when  its 
branches  are  cut.  It  ferments  so  rapidly,  that  in 
two  or  thrcn  hours  it  becomes  an  intoxicating  liquor. 
In  the  "West  ludies  (hinder  is  nsed.  This  is  a  liquor 
remaining  in  the  stiU  after  the  distillation  of  rum. 

The  flour  ought  to  be  some  weeks  old  before  it  is 
made  uito  bread.  A  sack  of  flour  weighing  SSOlbs., 
and  containing  5  bushels,  generally  produces  SO 
loaves.  According  to  this,  .^th  of  the  loaf  is  water 
and  salt,  and  Jths  flour;  but  the  number  of  the 
loaves  depends  on  the  goodness  of  the  flour.  Good 
flour  reqiui-es  more  water  than  bad,  and  old  floiu' 
more  than  new;  82,  83,  or  even  SG  loaves  may  in 
some  cases  be  made  out  of  a  sack,  and  in  other  cases 
scarcely  SO.  There  is  a  considerable  loss  of  weight 
in  bakmg,  the  average  loss  m  a  quartern  loaf  bemg 
OJ  oz.,  or  not  quite  |th.  If  we  take  the  loaves  as 
peek,  half-peck  and  quartern,  the  following  were 
found  withm  4S  hours  after  baking  to  be  the  weights 
before  and  after  putting  in  the  oven : — 

Before.  After. 


Peck  ....  19  12     0  a 
Half-peck   .     9  14    0 
Quartern.  .     4  15     0 


lirdupoise.  17     G     0 

-  S  11     0 

—  4    5     S 


The  loaf  wliich  presents  the  greatest  surface  in 
the  oven  loses  most  weight. 

In  the  time  of  bad  hai-vests,  when  the  wheat  is 
damaged,  the  flour  may  be  considerably  ijuproved, 
without  any  injui'ious  result  whatever,  by  the 
addition  of  from  20  to  40  grains  of  carbonate  of 
magnesia  to  every  pound  of  flour. 

The  water  used  in  making  bread  ought  to  be  of 
good  quaUty.  It  is  stated  that  if  the  flour-  be 
kneaded  with  water  saturated  with  carbonic  acid  gas, 
no  yeast  is  necessai-y,  and  that  bakers  who  live 
near  Seizor  water  springs  may  substitute  such  water 
for  yeast. 

The  Bakers  of  London  constitute  the  nineteenth 
Company.  They  were  incorporated  about  the  year 
1307,  and  consist  of  a  master,  4  wardens,  30  assist- 
ants, and  liverymen,  and  commonalty. 

An  expeditious  and  simple  method  of  making 
bread  for  a  small  family  is  thus  described  in  the 
Guide  to  Trade  :— Take  half  a  bushel  of  flour,  and 
put  it  all  except  about  41bs.  into  a  tub  or  pan,  and 
in  whiter  place  it  before  the  fire  to  warm.  ]\Iix  G  or 
S  ounces  of  powdered  salt  with  the  flour,  or  work  it 
in  with  the  dough.  Then  take  a  pint  of  good  fresh 
yeast,  and  mix  it  well  with  a  sufficient  quantity  of 
water  at  a  blood  heat.  Make  a  deep  hole  in  the 
middle  of  the  flour ;  pour  the  water  and  yeast  gra- 
dually into  it,  mixing  the  whole  together  with  youi' 
hands  until  they  are  well  incorporated.  Cover  tliis 
mixtiu'cjip,  and  place  it  near  the  fire  till  it  is  well 
flour  into  it  with 


[  J  t  will  take  from  1 J  to  2  hours  in 

1'  li^i  I,-,  1  '•■'■  iIm  liiead  shoidd  always  remaui  in  the 
oven  half  an  liour  after  it  has  become  brown,  or  it 
wUl  not  be  soaked  through. 

Eor  larger  bakmgs,  put  the  floui-  into  a  trough  or  tub 
suiEeiently  large  to  allow  the  dough  to  swell.  Make 
a  deep  hole  in  the  centre  of  the  floui-.  For  half  a 
bushel  of  floiu-  take  a  pint  of  thick  fi'csh  yeast  (not 
frothy),  and  mix  it  with  a  pint  of  fresh  warm  water, 
not  too  hot.  Then  gently  mix  with  the  yeast  and 
water  as  much  flonr  as  will  make  it  iuto  a  stiff  batter. 
Pour  this  mixture  into  the  hole  in  the  flour,  and 
cover  it  by  sprinkling  it  over  with  floui-.  Then  place 
over  it  a  flannel  or  sack,  and  in  cold  weather  place  it 
near  the  fii'c,  but  not  too  near.  When  the  sponge 
has  risen  enough  to  crack  the  dry  flour  with  which  it 
is  covered,  sprinkle  over  the  top  6  oz.  of  salt  (move 
or  less  according  to  taste).  Then  work  it  with  the 
rest  of  the  flour,  and  add  from  time  to  time  wai-m 
water  till  the  whole  is  sufficiently  moistened,  or 
scarcely  so  moist  as  pie-crust.  Next  work  it  well  by 
pushing  your  fists  into  it,  then  rolling  it  out  with 
your-  haucb,  folding  it  up  again,  kneaduig  it  again  with 
your  fists,  till  it  is  completely  mixed  and  formed  into 
a  stiff,  tough,  smooth  dough.  Porra  your  dough  into 
a  lump  like  a  large  dimipUng,  cover  it  up  and  keep  it 
wai-m.  After  rising  for  about  20  or  30  minutes, 
make  it  into  loaves,  liaving  shaken  a  Uttle  flour  over 
the  board  to  prevent  sticking.     The  loaves  may  be 
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made  up  in  tin  moulds,  or  you  may  divide  the  dough 
into  equal  parts  according  to  the  size  required,  and 
make  each  part  into  the  fonn  of  a  dumpling,  and  lay 
one  of  these  upon  another,  then  put  the  loaves  into 
the  oven,  and  bake  for  }i  or  2  hours. 

In  the  PhariTiaceutical  Journal  several  recipes  are 
given  for  making  uufermentcd  bread.  In  a  paper  by 
Mr.  H.  Deanc,  contained  in  the  third  volume,  the 
following  recipe,  by  Dr.  Smith,  of  Leeds,  is  given : — 

5  lbs.  of  flour. 

J  oz.  (apothecaries'  weight)  of  sesquicarbonate  of 

i  drachm  of  sesquiearbouate  of  ammouia. 
'1  drachms  or  teaspoonfids  of  common  s;dt. 
Jlix  these  intimately  together,  and  then  add  the 


folio 


solutio: 
or  21  pints 
msoflmlin 


This  bread 


tritle  moic  than  bi.  .1  1  '<'<.'<,  but  has  the 
advantage  of  keeping  longer  \\  ithuut  turnmg  moiddy 
or  sour,  and  is  wholly  free  from  any  bitter  or  un- 
pleasant taste.  Its  dietetic  properties  are  of  the 
utmost  importance.  Common  bread  is  liable  in  weak 
stomaeho  to  turn  soui-,  and  produce  heartburn  and 
flatulency,  and  to  aggi'avate  cases  of  dyspepsia ;  but 
tlic  ncwpiioiss  is  fiie  from  these 
I        '  I  I    I     ill  h   prevents 

hce  syi|i  I  u'cts  that 

lorbid  coim  lutistincs  on 

.Lful  in  as- 


baneful   dlM 


U.I. 


which  tla:,u  ..,n,i, 
sisting  to  restore  the  biliary,  and  especially  the  renal, 
secretions  to  a  healthy  condition,  as  well  as  in  the 
treatment  of  various  cutaneous  eruptions,  originatrag 
in  disorder  of  the  digestive  functions. 

Mr.  Dcane's  recipe  is  as  follows  : — 

4  lbs.  flour. 

^  oz.  (avoirdupois  weight)  of  bicarbonate  of  soda. 

4J  fluid  drachms   of  hydrocliloric   acid    (specific 
gravity  1.16). 


:   i-    ,  r,r  9  pints  imperial,  of  cc,], 

'«  flly  with  the  flour,  :iii'l 

1  thcwhole  intimately  and 

:_    .1   I'at  piece  of  wood,  or  s|i; 

it  may  be  made  into  2  " 


harbours,  •\nd  thus  to  piotect  the  "ihippmg  fiom 
serious  d  image  Bicakwateis  aie  of  vaiious  kinds, 
according  to  the  natuie  of  the  loadstead  oi  Iniboui, 
and  the  numbei  of  ships  lesoitmg  theieto  In  some 
cases,  the  loU  of  the  \iaves  is  suflicientlv  checked  by 
sunken  vessels  placed  acioss  the  cntianee  ot  the 
harbour,  m  otheis,  by  moles,  or  pieis  piojectin^ 
from  the  land  but  thcie  ue  cases,  such  as  tint 
of  Plymouth  Sound,  whcic  i  hige  assemblage  of 
ships  cannot  find  a  safe  place  ol  lendczvous  with 
out  an  eicetim  d  iu  oicitci  magmtudo  tlni  these 
Plymouth  Bicakwdn  iicsmt'i  a  \eiy  lemaikable 
instance  of  hum  in  si  lU  and  j  tise\ciauce,  succeob 
fidly  applied  It  consists  ol  an  n  imense  numbci  of 
blocks  of  stone  thlo^vn  into  the  Sound,  untd  abaiiii 
nearly  a  mde  m  leugth  ■nas  laised  abo\e  the  suiface 


rdu     ti 


;s  the  Sound  and  Ica-vm, 

11  IS  gieat  undeitakmg  was 

I       nd  so  ea  ly  as  the  end 

It  bundled  3  aulb  of  the 

1   at  lo-n  watei,  and  the 

that  ships  of  lU  sues  began 

the  bicakwatei,  and  fishcimcn 


of  the  s. 

swell  was  so  much  biul 
to  take  shekel  withii 
within  it  eovdd  not  judge  of  the  wcathei  outside  the 
Sound.  Some  bmestoue  quaiues  neai  the  Catwatci 
were  purchased  of  the  Duke  of  Bedford  for  10,000/., 
and  about  fifteen  vessels  were  constantly  employed  in 
conveying  the  masses  of  stone  (varying  in  weight 
from  one  ton  to  ten  tons)  to  their  destined  place. 
Many  ingenious  devices  were  employed  to  hasten  the 
progress  of  the  woik,  so  that,  during  the  first  five 
years,  the  amount  <'(  sl.mr  il,.|,n..;(f.d  gradually  r( 


1  16,000  to  3(11 
masses  wore  first 
quarry  rubbish,  1 1 
up  the  r,!',  :i>  ■ 


The  largp, 
I  siiiallcr  stones, 

■rrllillgs,    io   fill 


ii.ney. 


he  construction  of  this  breakwater 
1  object  of  the  greatest  interest  in  our  own  country, 
id  to  foreigners  visiting  us.     A  celebrated  French 
,„.:,. ppj.  (Dupiii)  described  in  terms  of  high  praise 
-irking  of  the  quarries,  the  order,  regidarity, 
i    (I  ivity  visible  in  all  the  operations,  the  embarking 
;l   ui^cinbarking   of  the  materials,   &o.      "Those 
loraious  masses   of  stone,"   he   says,   "-nhich  the 
into  a  quick  oven  immediately.     It  will  require  about  '  quarrynien  strike  -siith  lieavy  stiokes  of  tlicu  ham- 
H  hour  to  bake.  |  mors  ;  and  those  ai.iial  loads  of  flying  budges,  \UucIi 

In  tins  kind  of  bread,  kneading  wiU  prove  injurious,    serve  for  the  removal  of  the  supeistiatum  of  caiih  , 
by  makmg  it  too  heavy.     The  dough  must  not  be  ,  those  lines  of  cranes,  all  at  work  et  the  same  moment , 
too  stifi'.     [See  Stakcii — Wueat — and  Api-endix.]     I  the  trucks  uU  in  motion ,  the  aiiival,  the  loading, 
BREAKWATER.     An  artificial  barrier,  designed  '  and  the  dcpartui-e  of  the  vessels  ,  all  tins  foims  one 
to  ireak  the  force  of  tho  waves  in   sea-ports   and  ,  of  the  most  impc 

JiisiJc  toitrarcls Fljvwath 


ing  sights  that  can  stiike  a  friend 


BKEAKW'ATEtl. 


to  the  great  workb  of  art.  At  fixed  hours  the  sound 
of  a  bell  is  heard,  in  order  to  amiouuee  the  blastintj 
of  the  quany.  The  operations  instantly  cease  on  all 
sides;  all  becomes  silence  and  solitude.  This  van- 
versal  silence  renders  still  more  imposing  the  noibc 
of  the  explosion,  the  splitting  of  the  rocks,  their 
ponderous  fall,  and  the  prolonged  sound  of  the 
echoes." 

The  vesbcls  cmp]o\r.l  f,ir  transporting  the  sfdur  to 
the  site  of  ih.    b  ^   ..,    ,  ,  i  i   ,1 

They  had  l«  i  i  , 

each  other,  \u\'\     ^     im      m  i  li  '     i     h, 

trucks  laden  ^l itli  stones  Tlirsc  \i eic  \i heeled  li.iin 
the  quarry  to  the  quay,  thence  to  the  openings  in  the 
vessel,  and  along  the  rails  laid  down  in  it,  until  both 
these  lines  of  rail  were  filled  with  trucks.  The  vessel 
tlien  proceeded  on  its  way,  bearing  its  load  of  truok<! 
and  stones,  and,  on  reaching  the  breakwater,  each 
truck  was  wheeled  to  the  opening,  where  by  ma- 
chinery it  was  overset,  and  the  stones  cast  into  the 
sea.  Fig.  232  shows  the  steru  of  the  vessel,  \\lien 
loaded,  with  the  ports  up  or  closed ;  Fig.  233  show  o 


the  steru  of  the  vessel  in  the  act  of  depositing  the 
stones.  The  runner  being  hooked  to  the  forepart  of 
tlie  truck,  raises  it  up,  and  tips  the  stone  overboard. 
By  these  means  a  cargo  of  sLxty  or  eighty  tons  could 
thus  be  discharged  in  an  houi-. 

A  breakwater  was  thus  formed,  having  a  centre 
3,000  feet  long,  and  two  arms,  or  bends,  each 
l,OoO  feet  long,  inclining  towards  the  land.  At  the 
extremity  of  the  western  arm  a  circular  foundation 
was  prepared,  on  which  a  lighthouse  has  been  placed. 
The  entrance  into  the  harbour  on  this  western  side 
is  the  principal  entrance  for  shipping:  it  is  .about 
hair  a   ur.'.r  \\<,\,',  :;ii,l  at  low-water  spring-!  idf  ^  iln- 

'li '      '      '        '   IS  of  about  the  same  «  :>l;  li,  :.: 

the  lii  jili  1  1  v.aiii  lo  not  so  great,  being  about  ma  ur 
seven  iatlioms.  The  outer  slope  of  the  breakwater 
below  the  luie  of  low-water  was  formed  by  the  sea, 
and  proves  to  be  from  three  to  foiu-  feet  horizontal 
to  one  of  perpeudieular ;  from  the  low-water  line 
upwards  it  is  five  to  one.  The  inner  slope  is  two 
feet  horizontal  to  one  perpendicular,  from  the  base  to 
the  top,  which  is  two  feet  above  high-water  spring- 
tides. When  the  action  of  the  sea  had  formed  its 
own  slope,  and  had  wedged  together  and  settled  the 
great  mass  of  materials  which  forms  the  breakwater, 
and  when  no  further  movement  was  ajiparent,  but 
the  whole  appeared  consolidated  together,  then  the 


slope  towards  the  sea  was  cased  with  regular  courses 
of  niisMun,  doMtllcd,  joggled,  dove-tailed,  and 
I  'I  M      the   diving-bell  being   brought 

I  I      pi  icing  the  lower  courses,  which 

I  ud  were  kid  horizontally  on  their 

i.aiLu.il  lud,,  uiul  dove-tailed,  lewised,  and  bolted 
together. 

The  Plymouth  breakwater  is  capable  of  affording 
secure  and  convenient  anchorage  to  a  fleet  of  twenty- 
five  or  thirty  sail  of  the  line ;  and  the  additional  ad- 
\  antage  of  a  plentiful  supply  of  fresh  water  is  afforded 
by  the  construction  of  a  reservoir  above  Bouvisand 
Bay,  capable  of  containing  from  ten  to  twelve  thou- 
sand tons,  or  a  quantity  sufficient  to  water  fifty  sail 
of  the  line.  This  water  is  brought  in  pipes  to  Steddon 
Point,  opposite  the  anchorage,  fl  here  a  jetty  is  thi'own 
out  I'll  1  I'l'fl'  t'lr-  T,  ii"r  ,1,.  pr,,  !>,  through  the 
1         '      '  '  I         '    '        iHrnseofthis 

I     I      1  ',  buaUater, 


1  1  'I    ,le 

the  M  ,1,  and  m  front  of  that  loadstead ,  but,  uiitortu- 
natcly,  ho  adopted,  as  the  only  mode  of  pioducmg 
smooth  water,  the  idea  of  a  number  of  large  masses 
of  a  conical  form,  touching  each  other  at  their  base, 
l)ut  separating  upwards,  and  leaving  alternate  open- 
ings and  points  of  resistance,  ishich,  it  was  thought, 
would  efi'eetually  break  downi  and  mterrapt  the  waves 
•hig  the  harbour.  It  was  proposed  to  construct 
these  conical  caissons  of  wood,  the  number  of  which, 
to  cover  the  destined  extent  of  2,000  toises,  would 
amount  to  90,  causing  a  total  expense  of  32,400,000 
livres  for  the  whole.  The  number  was  afterwards 
reduced  to  64,  and  the  estimated  time  for  completing 
them  was  thirteen  years.  Each  cone  was  to  be  150 
feet  diameter  at  the  base,  and  60  feet  diameter  at  the 
top,  and  from  60  to  70  feet  in  height ;  the  depth  of 
water  at  spring  tides,  in  the  line  in  which  they  were 
intended  to  be  suidc,  varying  from  about  56  to  70 
feet.  Within  the  exterior  cone  was  an  interior  and 
concentric  one,  bound  together  by  beams  of  wood. 
The  frame  of  each  cone  was  composed  of  SO  large 


out  bottoms,  and  were  to  be  filled  afterwards.  On 
the  6th  of  June,  1784,  the  first  cone  was  floated  off, 
and  sunk,  and,  on  the  7th  Jidy  following,  a  second, 
in  the  presence  of  ten  thousand  spectators;  but 
before  the  cavity  of  the  latter  could  be  filled  witli 
stones,  a  storm  in  August,  continuing  five  days, 
entii-cly  demolished  the  upper  part  of  the  cone.  Tlie 
quantity  of  stones  sunk  that  summer  within  the 
cavities  of  the  two  cones,  outside  their  bases,  and  in 
the  intermediate  space,  amounted  to  about  65,000 
tons.  In  17S5,  three  more  cones  were  sunk,  and  in 
the   following  year,  five    more;    but  the  storms  of 


BllEAKWATEK— UKICK. 


1S5 


winter  earned  away  (he  upper  parts  of  those  five  [ 
Three  were  sunk  in  17b8  but  the^e  met  \Mth  the  | 
same  fate,  so  that  government  m  disgust  at  tlie  i 
delay  and  expense,  sold  the  thiee  eones  then  ou  the 
building-slips  for  whate\ei  they  would  fetch  The 
array  of  persons  emploved  on  tl  1  it  I        \ 

enormous.  M.  de  Cessart 
sink,  and  fill  five  cones  a  yc 
have  250  carpenters,  30  11 
hewers,  200  masons,  and  5'(t  1 

the  whole  operation  from  fust  t    1    t  t 
ployed  from  1,200  to  1  500  artihceis       1 
and  to  these  were    adde  1    about    tl 
soldiers,  for  a  body  of  trooj  s  hi  I  be      i       1 
Cherboui'g  on  the  commencement  of  the  undertaking 
that  there  might  be  no  lack  of  1  il    uitrs  to  carry  it 
into  effect.     Tiiis  affords  a  remaik  ible  cont  ast  to  the 
small  establishment  employed  to  cairyoii  the  Ply  nouth 
breakwater.  Herethereweie  the  follow  ui"  persons  — 

A  superintendent  anl  iiojei  ofTiceis 
and  clerks,  to  keep  and  control  the 
accounts     .     .  10 

"Warrant-officers  and  masters  of  the  ten 
stone  vessels,  in  the  immecbate  e  i 
ploy  of  the  public  ""1 

Seamen  and  boys  to  navigate  ihcs" 
vessels  ...  f)0 

Seamen  employed  in  the  su)  eimtend 
ent's  vessel,  the  bght  \  csel  bo  its 
crews,  &c.  .     .  4) 

Masons,  blacksmiths  caiienteis  sail 
makers,  employed  at  Oiestou  3  J 

In  the  immedi  te  pay  of  Go\ein 
ment  .     .  "Oj 

Seamen  employed  m  the  contiaetois 

vessels  ...  170 

Quariymen,  laboureis  &c  cmplove  I 
at  Oreston  by  tl  e  eoutiaetors  300 


The  engineer  of  the  Plymouth  I  leal  watci  wib  Mr 
Rcimie,  who  did  not  live  to  cany  tl  lOugh  the  whole 
of  his  undertaking ;  the  bghthouse  on  the  westem 
extremity  having  been  constructed  from  bis  designs 
by  Messrs.  Walker  and  Burgess  Among  the  plans 
■.•ejected  by  Government  at  the  time  that  his  was 
adopted,  was  one  for  a  floatmg  breakwater  composed 
of  triangular  or  prismatic  floats  of  wood  held  together 
by  iron  chains.  These  might  be  extended  across  the 
whole  sound,  because  they  woiila  allow  a  great  part 
of  the  tide  to  pass  through  them  wlule  the  whole 
water-way  below  would  be  left  ele  ir  Sufficient  inter 
vals  were  to  be  left  between  the  rows  of  floats  a=  well 
as  the  contiguous  floats  to  allow  of  ships  shaping  tberr 
course  between  them ;  and  it  was  not  thought  hkely 
that,  in  the  event  of  a  ship  stuking  agamst  or  even 
running  oyer,  one  of  these  bieakwaters  it  would 
occasion  any  material  injury  to  either  ^.  floafin"' 
breakwater,  on  a  somewhat  siniilii  plan  1  as  ; 
been  made  the  subject  of  a  pvteit  and  its  jractical 
application  undertaken  by  a  ]n  nt   took  co  n\  a  n 


A  patent  was  taken  out  in  1S4S  by  Mr  Beardm 
for  an  invention  designed  to  facilitate  the  const 
tion  of  bicakwateis  and  other  submarine  works 
consists  in  the  employment  of  a  caisson  oi  c  clo  u 
constnictcd   so   as   to  float   with  a  pniti   i  ot   tl 
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f    a  1  ut  ol  tl  c 

lei  wth  to 

usually  c\pe 

1!     oa   son  consists  ol 
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1     strengthened  by  ribs 
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1   I    so  as  to  witls*anl 

pies 

the   whole   beu.,'   so 

bonl   1 

t  te  one  cutue  fian  (    of 

great 

f        1 
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closed  raasonn 
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tiansveise  sect  on  of  one 

its  sides  filled  in  with  stones 
is  shovvn  at  Pig  231 

BREAST  WHEEI      See  Water  Wheels 

BltFAAnG       ScBcir 

BRICK  A  building  mateual  Inowu  it  a  \eiy 
early  pciiod  of  the  woild  s  history  foimed  of  tem 
peied  cliv  haidened  eithei  by  exposuie  to  the  sui  s 
rays  oi  to  the  heat  of  a  furnace  Bricks  were  used 
in  the  buildmg  of  Bal  el  and  it  would  appear  11  at 
theyweiei  ;/  bucks  (  Let  us  nake  buck  anl 
bum  tl  e  1  thioughly  And  th  y  had  buck  foi  stone 
anl  sbrac  had  they  fer  moitai  Gen  xi  3)  Alsi 
m  the  walls  ot  Babylon  wheie  the  clay  thiown  o  t 
of  the  tiench  smronndmg  tl  e  city  supi  be  1  tl  e 
mateual    and  especially  in  the  pyianuds  aud  otl  er 


builli 


t  1 


last 


nt 


the  minulict  ue  oi  to  use  lU',  1  u  U  to  1 1  h  the 
govenmient  stamp  was  nc  t  aflixe  1  Pi  e  buck  makei 
worked  in  gangs  under  the  snpeimtendence  ol 
oveiseers  and  task  masteis  the  clay  was  worked  jp 
with  chopped  stiaw  and  the  bricks  piepared  fr-  i 
it  were  dried  m  the  sun  The  employment  was 
labouous  and  the  task  niasteis  wcic  a=  exacting  as 
m  htei  tmes  (Exod  v  6—19)  The  puncii  al 
pyiamids  of  Egypt  are  built  of  stone  but  several  oi 
the  smaller  ue  of  buck  as  that  of  Howaia  which 
IS  con-sf  ctel  I  c  1  1  icks  containing  chopped 
straw     I  17^  inches  by  SJ  inches 

and  1 1  some  cases  the  bncks 

cont  a  1    I  iieces  of  broken  potteiy 

and  stni  c  all  ry  lucgular  m  size  A  brick 
pyramid  about  ten  leagues  fioro  Cauo  is  supjoscl 
to  be  that  mentioned  by  Heiodotus  as  havmg  oi  cc 
bonie  tl  e  following  inscription  '  Disparage  me 
n  t   by  CO    pa  ii  g  n  e  with  pyia  1 1  Is  n  a  Ic  of  ston 


186  br: 

I  am  as  mucu  superior  to  them  as  Jove  is  superior 
to  the  rest  of  the  deities :  I  am  constructed  of 
bricks,  made  from  mud,  which  adhered  to  the  ends 
of  poles,  and  was  drawn  np  from  the  bottom  of  the 
lake." 

Uuburnt  bricks  were  used  in  the  walls  of  Athens, 
aud  in  the  construction  of  several  G-rcciau  temples 
and  palaces.  VitruWus  expressly  describes  the  man- 
ner in  which  these  bricks  were  made,  and  the  proper 
seasons  for  di-ying  them  regularly;  namely,  spring 
and  autumn.  The  inhabitants  of  Utica  made  use  of 
such  bricks  only  as  were  five  years  old,  and  had  been 
approved  by  a  magistrate. 

The  Romans  made  use  of  bricks  to  a  far  greater 
extent  than  the  Greeks,  as  the  remains  of  their 
public  edifices  plainly  show:  some  of  their  brick 
structures  raised  1,700  years  ago  still  remain  as 
entire  as  when  first  buUt.  To  that  people,  doubtless, 
we  are  indebted  for  the  introduction  of  the  art  into 
Britain.  But  the  use  of  brick  does  not  appear  to 
have  become  general  in  this  country  until  after  the 
Norman  conquest,  nor_to  have  attained  any  remarkable 
degree  of  perfection  until  so  late  as  the  reign  of 
Henry  VIII.,  when  many  interesting  buildings  were 
constructed  of  this  material,  in  a  style  which  has 
made  them  objects  of  admiration  iii  our  own  age. 
Yet  it  was  only  for  the  more  important  edifices  that 
brick  was  solely  used ;  the  ordinaiy  houses  consisted 
of  a  frame-work  of  timber,  either  filled  in  with  lath 
and  plaster,  or  with  bricks  introduced  in  panels. 
The  danger  of  so  great  use  of  timber  in  a  crowded 
city  became  evident  when  the  great  fire  of  London 
desolated  the  homes  of  the  metropolis,  and  after  that 
event,  it  was  wisely  ordained  that  brick  should  be 
the  material  of  the  future  city,  and  that  even  the 
ornamental  part  of  the  houses  should  be  contrived 
in  the  same  material.  Thus,  brick-work  came  to  be 
carved  and  made  to  assume  the  forms  which  more 
properly  belong  to  stone,  such  as  Doric  pillars,  and 
rich  entablatui'cs  cuiiously  wrought  with  the  chisel 
subsequent  to  the  erection  of  the  walls.  In  Holland 
the  art  of  making  very  dui-able  bricks  was  practised 
at  an  early  period,  the  floors  and  pavements  being 
constructed  of  that  material.  These  remain  un- 
injured for  a  surprising  length  of  time,  and  exliibit 
the  superior  quality  of  the  brick.  English  bricks 
are  decidedly  inferior  to  these,  not  on  account  of  any 
defect  in  the  materials,  but  ou  account  of  the  saving 
of  labour  and  fuel  which  is  sought  after  in  the 
majority  of  cases,  and  which  is  rendered  necessary 
by  the  mania  for  cheapness.  The  system  prevailing 
in  the  metropolis  fosters  this  mania,  for  the  gi-eat 
majority  of  the  lands  are  let  on  buildmg  leases,  and 
it  is  to  the  interest  of  the  builder  to  erect  houses 
which  shall  merely  last  out  the  lease,  since,  at  the 
expiration  of  that  period  they  become  the  property 
of  the  landlord. 

The  operations  coimected  with  ordinary  brick- 
making  are  briefly  these :  digging  the  clay  in  autumn ; 
leaving  it  to  mellow  by  frost  during  winter,  the 
masses  being  frequently  turned  and  broken  up,  to 
expose  them  more  completely  to  the  action  of  the 


atmosphere :  tb-owing  the  crumbled  clay  in  spring 
into  shallow  pits,  where  it  is  watered  and  soaked : 
then  tempering  the  clay  by  treading  and  kneading 
by  the  feet  either  of  men  or  oxen,  or  by  means  of 
a  horsemiU  :  next  conveying  the  kneaded  clay  to  the 
bench  of  the  moulder,  who  takes  a  lump  and  diishes 
it  into  a  wooden  or  iron  moidd,  striking  off  the 
superfluous  clay  with  a  strike  or  smooth  piece  of 
wood.  The  bricks  are  delivered  from  the  mould, 
and  ranged  on  a  barrow  or  on  the  gi'ound,  until  they 
are  fii-m  enough  to  bear  handling,  when  they  are 
trunmed  with  a  knife.  They  are  then  built  up  in 
long  dwarf  walls,  with  sufficient  space  for  the  air  to 
penetrate  in  every  du'cction :  these  walls  are  thatched 
as  a  protection  from  the  weather,  and  thus  the 
bricks  are  left  to  di-y  until  they  are  in  a  proper  state 
to  be  consigned  to  the  kiln. 

The  various  argillaceous  earths  used  in  brick- 
making  are  generally  mixed  with  some  otner  sub- 
stance, being  for  the  most  part  unfit  to  be  used 
alone.  Some  are  almost  pore  clay  or  alumina,  and 
are  strong,  and  exceedingly  plastic,  but  cannot  be 
dried  without  splitting.  Others,  being  Ught  sandy 
clays  or  loams,  are  too  loose  to  be  made  into  bricks 
without  the  admixture  of  lime  as  a  flux,  to  bind  the 
materials  together.  Others  again  are  natural  com- 
pounds of  alumina  and  silica ;  but  these  if  free  from 
lime,  magnesia,  or  metallic  oxides,  are  exceedingly 
valuable  clays,  being  from  their  infusible  natui-e 
adapted  for  making  fia-e-bricks  for  lining  furnaces, 
for  making  crucibles,  glass-house  pots,  &c.  Fire-clay 
is  found  throughout  the  coal-measures,  and  occurs 
in  abundance,  and  of  excellent  quality,  at  Stour- 
bridge, and  also  in  the  vicinity  of  Newcastle  and 
Glasgow. 

Bricks  for  ordinaiy  uses  are  known  as  "place- 
bricks,"  "grey  and  red  stocks,"  "marl-facing  bricks," 
and  "  cutting  bricks."  The  place-bricks  and  stocks 
are  the  ordinary  wall  bricks.  The  marls  are  very 
superior  bricks,  made  in  the  neighbourhood  of 
London,  and  used  on  the  outside  of  buildings.  The 
finest  kind  of  marls  and  red  bricks  are  called  cutting 
bricks,  and  are  used  in  arches  over  doors  and 
windows,  being  rubbed  to  a  centre  and  gauged  to 
a  height.  The  red  bricks  made  of  Hedgerly  loam, 
from  a  village  of  that  name,  near  Windsor,  are 
used  as  fire-bricks  about  fui'naces  and  ovens. 
Foreign  bricks  are  Dutch  and  Flemish  bricks  and 
cKnkers:  they  are  similar  in  quality,  and  of  a 
dirty  brimstone  colour.  The  first  two  are  used  for 
paving  yards,  stables,  &c.,  and  the  clinkers  which  are 
most  baked  are  used  for  ovens.  Place-bricks  are  also 
used  in  paving  dry,  or  laid  in  mortar,  and  they  are 
put  down  flat  or  edgewise.  If  they  are  laid  flat,  33 
of  them  win  pave  a  square  yard ;  if  edgewise,  twice 
that  number  are  required.  Ventilating  bricks  are  an 
invention  of  modem  times.  They  are  double  the  size 
of  common  bricks,  although  they  contain  only  the 
same  quantity  of  clay.  They  are  hollowed  out  at  the 
sides,  so  that  when  two  are  placed  side  by  side,  a 
circular  opening  is  left  between  them,  which,  when 
tiers  of  similar  bricks  are  laid  on,  fonns  of  course  a 


tube  within  the  wall,  and  this  may  be  applied  to 
the  purpose  of  either  warming  or  ventilation. 

The  first  process  in  brick-making  is  the  tempering 
of  the  clay,  wliicli,  as  we  have  said,  is  the  work  of 
early  spring,  after  it  has  lain  exposed  to  the  frost 
during  winter.  Great  care  is  then  taken  as  the  clay 
is  being  turned  over  and  tempered  with  water,  to 
remove  by  hand  every  stone  that  can  be  discovered 
in  the  plastic  mass ;  for  the  presence  of  even  a  small 
pebble  in  a  briek  causes  it  to  crack  in  drying.  Of 
course  this  hand-picldng  is  impossible  where  much 
gravel  occurs :  in  such  cases  the  clay  must  be  washed 
in  a  trough  filled  with  water,  until  it  becomes  liquid 
enough  to  pass  oft'  tlnun^h  n  ci  ■•nv  into  pits  pre- 
pared for  its  reeiiili  •  '  luwhile  being 
retauied  by  the  gi.it n  1  \, hi-re  veins  of 
sken-y  or  impuic  li  n  i  n  i  it  is  found 
desu:able  to  griiul  thr  clay  htt^icn  loUcrs,  which 
crush  the  Umcstouc,  and  thus  obviate  the  evil  which 
arises  when  c\eii  a  small  piece  of  this  substance 
remains  in  a  brick,  and  by  the  carbonic  acid  cbiven 
off  from  it  in  burning,  forces  a  hole  in  the  brick,  and 
destroys  its  uscfidness. 

Por  the  marl,  or  malm  bricks,  made  near  London, 
and  used  for  the  best  outside  work  in  houses,  the 
clay  is  dug  in  autuimi,  ground  to  a  pulp  at  once 
m  a  wash-miU,  and  mixed  with  chalk  pieviously 
ground  to  the  consistence  of  cream.  This  pulp  is 
run  off  through  gratings,  and  allowed  to  settle  mitil 
it  is  firm  enough  for  a  man  to  walk  upon  it :  it  is 
then  covered  with  finely-srfted  ashes,  and  allowed  to 
remain  all  the  winter  to  mellow.  In  the  spring  tho 
ashes  are  thorouglily  mixed  with  the  clay  and  pugged 
in  a  pug  mill  This  is  a  conical  wooden  tub,  liaviiig 
the  larger  end  upwards,  with  an  upright  revolving 
shaft  passing  through  it,  armed  with  a  number  of 
kuivcs,  which  cut  and  knead  the  clay,  and  force  it 
through  the  mill,  which  is  constantly  filled  at  the  top 
from  the  barrows  of  the  work-people,  while  the  clay 
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is  stni  performed  by  the  treading  of  men's  naked 
feet,  which  become  by  constant  practice  sensitive  to 
the  slightest  roughness  in  the  mass,  and  able  to 
detect  the  smallest  stone  or  impurity. 

When  the  clay  has  been  reduced  by  one  of  these 
processes  to  the  necessary  state  for  brick-making, 
masses  of  it  are  successively  brought  to  the  moulder's 
bench.  The  mould  is  without  top  or  bottom,  and 
the  workman's  art  consists  in  dashing  a  piece  of  clay 
with  such  force  into  it,  as  completely  to  fill  it,  and 
then  cleverly  sinking  oft'  the  superfluous  quantity, 
and  tui-nmg  out  the  brick  on  a  pallet,  which  is  placed 
by  a  boy  on  a  hack-barrow,  which  when  loaded  is 
wheeled  away  to  the  hack-ground,  where  the  bricks 
arc  built  into  long  low  walls  to  dry.  By  another 
plan,  the  bricks  are  shifted  at  once  from  the  moidder's 
bench  to  a  ih-yiug  floor,  from  thence  to  the  hovel,  or 
drying  shed,  and  from  the  hovel  to  the  kiln. 

The  moulder's  bench  is  a  rude  kind  of  table,  often 
provided  with  a  trough  for  water,  as  well  as  a  heap 
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of  sand,  the  nioidd  being  tithcr  dipped  in  water,  or 
sanded,  between  the  making  of  each  brick,  that  the 
clay  may  not  adhere.  If  water  is  used,  the  process 
is  commonly  called  si  op-mo  iihliiiff,  if  sand,  pnllct- 
moiddinfj.  In  the  neighbourhood  of  London,  women 
commonly  take  part  in  the  operations.  Pig.  23G 
represents  a  woman  thus  engaged.  The  moulds  wc;e 
formerly  of  Mood   (inly;   tlipy   are  now   sometimes 
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continually  issues  from  a  hole  in  the  bottom,  \i  here 
it  is  cut  into  convenient  pieces  and  piled  up  for 
future  use.  The  pug-mill  is  extensively  used  where 
the  demand  for  biicks  is  large,  and  where  the  briek- 
earth  is  favourable  in  quality;  but  in  many  country 
places,  the  indispensable  labour  of  kneading  the  clay 


wetting  or  sanding;  but  they  aie  expensive,  and  the 
an  become  worn.    Wooden  moulds  therefore 
contuiue  m  some  dibtiirts   to  be  largely  used.     A 
good  form  of  ukuiI'  '  ^     1-      imiuld  lined  with 

biass ;  the  wood  1  -  being  in  I'om 

pieces,  and  att?fli       i  '  '     mglcs.     This 

mould   costs   all  m'    i  i     '  iiliucr';,   and  was 

formerly  stiU  more  c\p(usi\e  The  brass  overlaps 
the  wood  at  the  edges,  where  it  wears  out  rapidly, 
and'  the  cost  of  repair  is  nearly  as  much  as  the 
origmal  price  of  the  mo\dd.    Pig.  9.37  represents  a 


)uld  made  of  sheet-iron  in  four  pieces,  riveted  at 
iigles,  and  otrengthened  witli  wood  at  tlie  sides. 
The   bottom  is   sepa- 


3  called 
stocl-board.  This  is 
fastened  by  pins  at 
the  comers  to  tlie 
movdder's  bench.  It 
is  very  common  at  the 
present  time  to  make 
bricks  with  a  hollow 
underneath,  both  for 
the  sake  of  light- 
ness, and  to  leave 
a  bed  for  the  mortar. 
Tliis  is  managed  by 
Fig  237.  fastening    a    piece   of 

fl  ood  called  a  kick  to  the  upper  side  of  the  stock- 
board.  The  moidd  being  placed  on  the  stock-board, 
(which  easily  and  accurately  fits  it,)  and  the  clay 
pressed  into  the  moidd,  a  hollow  space  corresponding 
to  this  kick  is  of  course  formed  on  the  under  side  of 
the  brick.  The  pallets  are  pieces  of  board  fths  of  an 
inch  thick,  of  the  same  width  as  the  mould,  but  a 
kttle  longer.  Si\-and-twenty  pidlets  form  a  set,  and 
three  sets  are  required  for  each  moulder.      Fig.  23S 
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represents  the  biicks  on  one  set  of  palkis,  laugcd  on 
the  hark  Ijanuw,  v.\M\  has  a  flat  top  of  light  frame- 
woik,  fit  to  receive  two  rows  of  biioks,  thirteen  in  each 
row.  Three  of  these  barrows  are  required  for  use  at 
eacli  moulder's  bench,  one  being  constantly  loading 
there,  another  unloading  in  the  di-ying  groimd,  and  the 
third  being  wheeled  to  and  fro.  The  low  walls  of 
bricks  in  the  drying  ground  are  caDed  hacks.  These 
I'-e  built  two  bricks  wide,  and  eight  bricks  high,  and  the 
bricks  are  generally  placed  slanting,  and  not  at  right 
ingles  to  the  length  of  the  wall.  TTlien  the  bottom 
row  of  one  hack  is  formed,  the  workman  beghis  a 
second  iinck,  k\'ning  the  first  to  get  Ann  before  it 
has  to  bear  the  ^eiffht  of  a  second  row.  Plenty  of 
straw  or  hay  is  at  hand  to  cover  up  the  bricks  at 
night,  or  in  bad  weather.  For  the  finer  descriptions 
of  bricks,  drying  nnder  cover  is  adopted,  and  in  some 
instances  flues  are  earned  under  the  floors  of  the 
drying  sheds,  and  currents  of  air  are  carefully  ex- 

IHicre  the  demand  for  bricks  is  very  large,  brick- 
moidding  is  performed  by  machmery.  A  number  of 
macliines  have  been  invented  for  this  purpose,  and 
some   of  tliem    have   answcicd   tlic   oml    very  well 


But  it  is  doubtful  whether  the  pressure  employed  is 
really  an  advantage.  The  density  of  the  bricks  is 
thereby  increased,  and  they  are  smoother,  heavier, 
and  stronger  than  other  bricks,  which  for  some  pur- 
poses is  desirable,  but  they  do  not  adhere  so  ^  ell  to 
the  mortar,  they  are  cMcult  to  d.v  «,11  and  their 
weight  adds  to  the  expense  of  r  '  >  1  j       aits 

the  workman  from  laying  so  m  n  i- 

of  the  hand-made  bricks.     Mai!  ^    ui- 

also  frequently  disfigured  by  a  iidge  caused  by  the 
clay  rising  a  little  way  up  the  sides  ot  the  piston,  m 
the  space  which,  without  careful  workmanship,  is  apt 
to  occur  bet^  een  the  piston  and  the  mould. 

Two  brickmaking  machines  much  in  favour  in  this 
country  are  Ainslie's  and  Hunt's.  The  latter  has 
been  extensively  used  in  the  execution  of  large 
contracts,  and  consists  of  two  cylinders,  each  covered 
with  an  endless  web,  which  are  so  placed  that  they 
form  a  sort  of  hopper  on  their  two  upper  cylindrical 
surfaces,  the  ends  being  enclosed  by  two  iron  plates. 
The  tempered  clay  is  thrown  into  this  hopper,  and  at 
the  lower  part  it  acquires  the  form  and  dimensions  of 
a  brick.  Beneath  is  worked  an  endless  chain,  by  tlie 
movement  of  the  cylinders,  and  at  various  marked 
intervals  are  laid  the  pallet-boards  under  tlie  hopper ; 
the  clay  is  brought  down  by  a  slight  pressure,  and 
enters  a  frame,  which  has  a  wire  stretched  across  it, 
which  projects  through  the  mass,  and  cuts  off  the  re- 
quisite thickness;  tliis  is  immediately  removed  by  the 
fonvaid  motion  of  the  endless  chain;  and  this  ope- 
1  at  ion  is  lenewed  as  often  as  a  new  pallet-board  is 
advanced  under  the  hopper.  Such  a  machine  produces 
about  1,200  bricks  per  hour,  and  is  worked  by  two 
men  and  three  boys.     By  this  plau  less  piessure  is 


of  a  diy  pu«d(.r.  The  clay  is  subjected  to  heavy 
pressure  in  strong  metal  moulds,  and  is  by  this 
means  reduced  to  one-third  its  original  thickness. 
It  retains  just  sufBcient  moisture  to  give  il  cohesion, 
and  the  bricks  thus  formed  can  be  handled  at  once, 
and  taken  direct  to  the  kiki.  Tins  method  was 
devised  by  Jlr.  Prosser  of  Birmingham,  and  is  highly 
useful  for  making  ornamental  bricks,  floor-tiles,  Src 
By  an  experiment  made  on  a  nine-inch  brick  of  this 
sort,  it  was  found  that  the  resistance  to  a  crashing 
force  is  immense,  ninety  tons  having  been  sustamed 
without  injury. 

The  final  process  in  brick-making  is  that  of  burmng 
the  bricks  in  a  kiln  or  in  clamps,  the  former  being 
the  old  and  the  best  plan.  The  kiln  may  be  a  simple 
rectangular  chamber,  built  of  old  bricks  and  rubble 
stone,  with  a  narrow  doorway  at  each  end,  and 
narrow  fire-holes  lined  with  fire-bricks  in  the  side 
walls  exactly  opposite  each  other.  The  workmen 
introduce  through  the  doorways  a  quantity  of 
bricks,  and  stack  them  loosely  but  with  considerable 
art  in  cross  courses,  within  the  walls,  leaving 
nnonings  that  shall  act  as  flues  tlirnnghont  the  whole 
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misa,  aud  thus  distribute  the  heat  fiom  top  to 
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brick-work,  aud  for  driving  or  dividing  bricks  :  to 
adapt  it  to  these  different  uses,  one  end  is  formed 
like  a  common  hammer,  and  the  other  is  furnished 
with  a  kind  of  ase ;  3.  The  plumb-rule.  Fig.  211, 
wliich  is  a  thin  rule,  six:  or  seven  inches  wide,  with  a 
line  and  plimimet  swmging  in  the  middle  ;  its  use  is 
lo  guide  the  bricklayer  in  carrying  up  his  walls  per- 
pendicularly;  4.  The  lecd,  Eig.  242,  which  is  ten  or 


twelve  feet  long,  -nith  a  vertical  rule  attached  to  it, 
in  which  a  hnc  and  i)lumniet  are  suspended  :  its  use 
is  to  try  the  level  of  the  walls  at  various  stages  of 
the  building,  as  it  proceeds,  and  particularly  at  the 
window-siUs  and  wall-plates;  5.  The  large  square, 
for  setting  out  the  sides  of  a  building  at  right  angles ; 
G.  The  rod,  for  measuring  lengths,  usually  five  or  ten 
feet  long ;  7.  The  joviitUic/  rule,  about  eight  or  ten 
feet  long,  and  four  inches  broad,  with  which  the 
bricklayers  run,  or  mark,  the  centre  of  each  joint  of 
the  brickwork  ;  8.  The  johiter.  Fig.  243,  an  iron 
tool,  shaped  like  the  letter  S:  it  is  used  with 
the  joiuting-rule  for  marking  the   joints;   9.  The 


eomiMsses,  for  traversing  arches  and  vaults;  10. 
The  raker.  Fig.  244,  a  piece  of  iron,  having  two 
knees,  or  angles,  the  points  of  which  are  used  for 
raking  out  decayed  mortar  from  the  jouits  of  old 
walls,  for  the  pui-pose  of  replacing  it  with  new 
mortar,  or,  as  it  is  called,  poiiiiing  them ;  11.  The 
hod,  a  wooden  trough,  shut  close  across  at  one  end, 
and  open  at  the  other :  the  sides  consist  of  two 
boards  at  right  augles  to  each  other,  with  a  long 
handle  projecting  downwards  from  the  middle  of  the 
angular  ridge  formed  by  the  meeting  of  the  two 
sides  ;  this  ridge  is  also  partly  covered  by  a  cusliion 
of  leather,  stuffed  with  wool,  to  prevent  it  from 
euttiug  the  shoulder  of  the  labourer.  The  hod  is 
used  by  the  labourer  for  conveying  bricks  and  mortar 
to  the  bricklayer.  To  prevent  the  mortar  from 
sticking,  dry  sand  is  strewed  on  the  inside ;  12.  The 
line-piiis,  Fig.  245,  which  are  of  ii-on,  for  fastening  and 
strctchiug  the  Unc  at  proper  intervals  of  the  wall, 
that  each  coiu-sc  may  be  kept  straight  in  the  face  and 
level  on  the  bed :  the  pins  have  a  Hue  attached  to 
them,  of  sixty  feet  to  each  pin ;  13.  The  rammer, 
similar  to  that  of  paviours :  it  is  used  for  trying  the 


ground,  as  well  as  for  beating  It  solid,  before  building ; 
14.  The  iron  crow  and  pickaxe,  for  breaking  and 
cutting  through  walls,  or  moving  heavy  weights. 

A  grinding-stone  is  also  used  for  sharpening  axes, 
hammers,  and  other  tools. 

In  the  preparation  and  cutting  of  gauged  arches, 
the  following  articles  are  used  :  15.  The  hanker.  Fig. 
246,  a  bench  fronr  6  to  12  feet  long,  from  2J  to  3 
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feet  wide,  aiul  about  2^  feet  high  :  its  use  is  for 
preparing  the  bricks  for  nibbed  arches,  and  for  other 
gauged  work ;  16.  The  camler  slip,  Fig.  247,  a  piece 


of  wood  aim;,  '  '.[  ,  i  .  :  I'lick,  with  at  least  one 
cm-ved  edge,  liMii-  ::ln)ai  mie  inch  in  six.  feet,  for 
drawmg  the  soilit  line  of  straight  arches.  When 
the  lower  edge  is  curved,  it  rises  about  haK  that  of 
the'  other,  or  about  half  an  inch  iu  sis  feet,  for  the 
pm-pose  of  drawing  the  upper  hue  of  the  arch,  so  as 
to  prevent  it  becoming  hoUow  by  the  settling  of  the 
arch.  The  upper  edge  is  not  always  cambered,  some 
prefen-ing  it  straight.  The  sKp  being  sufficiently  long, 
it  answers  the  width  of  many  openings ;  and  when 
the  bricklayer  has  drawn  his  arch,  he  delivers  it  to 
the  carpenter,  to  prepare  the  centre  for  it ;  17.  The 
ruhhing-stone  is  a  rough-gi-aiued  stone,  about  twenty 
inches  diameter,  or  less.  It  is  iised  upon  one  end  of 
the  banker,  Fig.  246,  upon  a  bed  of  mortar.  After 
the  bricks  for  the  gauged  work  have  been  rough-shaped 
by  the  axe,  they  are  rubbed  smooth  on  the  rubbing- 
stone.  The  headers  and  stretchers,  in  return,  which 
are  not  axed,  are  called  rubbed  returns,  and  rubbed 
headers  and  stretcliers ;  18.  The  bedding-stone,  a 
straight  piece  of  marble,  eighteen  or  twenty  inches 
long,  of  any  thickness,  and  about  eight  or  ten  inches 
wide.  Its  use  is  to  try  the  rubbed  side  of  a  brick, 
which  must  be  fii'st  squared,  to  prove  whether  its 
surface  be  straight,  so  as  to  fit  it  upon  the  leading 
skew  back  or  leading  end  of  the  arch ;  19.  The  sqmre, 
for  trymg  the  bedding  of  the  bricks,  and  squaring 
the  soffits  across  the  breadth  of  the  bricks ;  20.  The 
bevel,  Fig.  248,  for  drawing  the  soffit  line  ^'s-  2 
on  the  face  of  the  bricks ;  21.  The  mould,  \ 
for  formiug  the  face  and  back  of  the  brick, 
in  order  to  reduce  it  in  thickness  to  its 
proper  taper,  one  edge  of  the  mould 
bemg  brought  close  to  the  bed  of  the 
brick  when  squared.  The  mould  has 
notch  for  every  coui'se  of  the  arch ;  22.  The  scribe, 
a  spike  or  large  nail,  ground  to  a  sharp  point,  to  mark 
the  bricks  on  the  face  and  back  by  the  tapering  edges 
of  the  mould,  for  the  purpose  of  cutting  them ;  23. 
The  till  saw  used  for  cutting  the  soffit  Uncs  about 
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jne-eiglith  of  au  mcli  deep,  fa st  by  the  edgeof  the  level, 
in  the  ikce  of  the  brick,  then,  by  the  edge  of  the 
square,  mi  the  bed  of  the  brick,  in  order  to  enter  the 
!nick-a\e,  and  to  keep  the  biick  from  spalting.  The 
baw  ib  albO  used  for  cutting  the  solBt  through  its 
breadth,  in  the  direction  of  the  tapering  lines  diawn 
uiion  the  face  and  back  edge  of  the  buck,  and  also 
for  cutting  the  false  joints  of  headers  and  streteheis ; 
Fi,  2«  21.  The  bnck-a.re,  Fig.  210,  for  axing  off  the 
soffits  of  biicks  to  the  saw  cuttings,  and  the 
sides  to  the  lines  drawn  by  the  sciibes.  The 
bricks  Ixing  always  rubbed  smooth  after 
a\ing,  the  )aoie  truly  they  are  axed,  the  less 
labour  \m\\  bu  required  in  rubbing  them ;  25. 
Tiic  ieupht,  used  for  taking  the  length  of 
the  stretcher  and  width  of  the  header;  2C 
The  cJinppinq-ljlm!;  for  reducing  biioks  to 
■    ii  1  ii      '1       I     ill!  form,  by  a\iiig  them. 

I  h  wood,  six  or   eight 

I I  1 1  id  on  two  fourteen- 
Luch  bu.k  I  .  I  II  (  in  Hi  si/e  acfuuliug  to 
the  number  ui  nun  ^^olkll^  il  i  '1  '\  i  •'- 
i/ij,i(',  used  for  rubbing  curve  d  \  ^ 
flio  ("ilindiical  backs  and  spl .  i  >  ■-, 
to  take  out  the  axe  marks.     It  i    [   ..  .    i   .,  ij.    i.,lil 

0  a  form  the  reverse  of  the  suilnoe  tu  \^hn.h  it  la 
applied. 

In  the  raismg  of  brick  walls,  it  is  of  great  im- 
portance to  secui'e  a  good  foundation.  Trenches  are 
dug  for  foundations,  and  the  ground  is  tried  with  a 
crowbar  or  rammer,  to  ascertain  its  soundness.  If  it 
appear  to  shake,  it  must  be  bored  with  a  veil-sinker's 
tool,  to  ascertain  whether  the  shaking  be  local  or 
general.  If  the  soil  be  firm,  the  looser  parts,  if  not 
very  deep,  are  dug  up,  until  the  solid  bed  is  got  at. 
If  the  ground  be  U'<\  \   i     '  it       \  be  made  good 

by   laiuming   into  '    ily   packed 

t.igethei ,  but  if  11  I,  it  must  be 

piled  and  planked,  ,iihI  i  i     u  'i  ■  umercte  is  of 

very  great  service.  In  u^iug  giuuiid,  the  foundation 
must  be  made  to  rise  in  a  series  of  steps.  When  the 
ground  is  loose  in  places  over  which  it  is  intended  to 
make  windows,  doors,  &c.,  wliile  the  ground  at  the 
sides  on  which  the  piers  are  to  stand  is  firm,  ' 
usual  to  turn  invcited  arches  over  such  mtended 
openmgs  Fig.  250.     This  is  a  necessary  precaution 


piers  ought  to  be  as  uniform  as  possible,  for,  althougli 
the  bottom  of  the  trench  may  be  \cry  fiim,  yet,  if 
it  vary  in  firmness,  the  piers  will  settle  moic  in  one 
place  than  in  another,  and  thus  occasion  a  vertical 
fracture  m  the  supeistiuetuie.  Should  the  solid 
parts  of  the  trench  be  under  the  intended  openings, 
and  the  softer  paits  ^hcrc  piers  are  to  be  built,  on 
film  giound,  arches,  not  invcited,  must  be  suspended 
between  them;  in  which  case,  attention  must  be 
paid  to  tlu  in^istint,  pi<i,  whether  it  will  cover 
the  a.ili  <H  II  I  II  I  I  ril.  (if  the  pier  rest 
the  arch,  tjie 


.,  theci 


of  tlu   im'i  M 

used,  the  mti  i  i  i  1 1    l   I  In    aioh 

may  have  its  tull  >  II  u  1  on 

which  the  piei'b  ail  i      i  i  ,  mess, 

lestthebuiIdiugbcmjuiiul.N  uik.iuiI  suilia.,,  which 
is  much  more  mischievous  than  wheie  the  ground, 
fi  om  being  uniformly  soft,  allows  the  piers  to  descend 
equally,  in  which  case  the  building  is  seldom  or  never 
damaged. 

In  ramming  foundations,  the  stones,  previously 
chopped  or  hammered,  should  be  laid  of  a  breadth 
proportionate  to  the  weight  intended  to  rest  on  them, 
and  rammed  closely  together  with  a  heavy  rammer. 
The  lower  bed  of  stones  may  in  gcncial  project  about 
a  foot  on  cich  side  of  the  ivaU  on  this  another 
i!Ouisc   11       1     1     1  II  llio  upper  bed  of 

stone  I  11  t  of  the  trench, 

projc   1 1  Oh  r  side  of  the 

wall,  111  i        1    _  I      1  1     '  ill  side  withm  the 

lower  couiae.  The  jnmts  ol  <  m  i^  upper  course  must 
fall  OS  nearly  as  possible  on  the  midtUc  of  the  stones 
in  the  course  immediatelv  benpitli  it ;  a  rule  to  be 
stricfh-iH,  ,1  1.  1  t  ,  111  iM,     1.1  1  if  V,  dlini;,  for  in 


allt 


]rct  is 


in  all  ci.e    ^^1,  ,,.  the  dr|ifh  of  the  wall  below  vill 
admit  nf  II     i      i'  m  settling  will  cairy  the 

arch  Willi     '  I      ,     iipiessing  the  ground, 

assist  ill  I      These  arches  should 

be   tuim  1        I,     '      I         1  (noss,  and  their  height 
should  be  at  least  half  thai  -nidth.     Tlie  bed  of  the 
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the  wall,  111,  moir  vvaf.  i  sliiiul  1  Ik  used  than  is  barely 
sufficient  to  i  educe  it  to  powder,  and  it  should  be 
covered  with  a  laj  cr  of  sand  to  exclude  the  air.  It 
is  best  to  slack  the  lime  in  small  quantities,  about  a 
bushel  at  a  time.  "Wlien  the  mortar  is  about  to  be 
used,  it  shoiJd  be  beaten  three  or  four  tunes,  and 
turned  over  -nith  the  beater,  so  as  to  incorporate  the 
lime  and  sand,  a  little  water  being  added.  In  hot 
and  dry  weather  the  mortar  may  bo  m?de  much 
softer  than  in  whiter.  In  dry  weather,  and  for  fine 
work,  the  bricks  should  be  wetted  or  dipped  in  water 
as  they  arc  laid;  a  precaution  not  required  in  damp 
weather.  Tins  wetting  causes  the  bricks  to  adhere 
to  the  mortar,  which  they  -nill  not  do  if  laid  diy 
and  covered  with  sand  or  dust,  in  which  case  they 
may  often  be  removed  \vithout  any  mortar  adher 
to  them.  In  working  up  the  wall,  not  more  than 
four  or  five  fi  of  of  a-i\  j.  ut  -liouIJbc  bu.lt  at  a  tin 
for,  as      I  '  I  I        I     1  I  11^',  the 

paitwl  I  l]ieent 

pait   1  I  f  the 

lattci  \u.  L   I   L  i1l  I       1  111     1         1       u       Unless 
it  be  foi  the  accommodation  ol  the  caun-utci,  no  y 
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of  a  wnll  ought  to  be  carried  higher  thau  one  scaffold 
without  having  the  contingent  parts  added  to  it.  In 
carrying  up  any  particular  part,  the  cuds  should  be 
regularly  sloped  off,  so  as  to  receive  the  bond  of  the 
adjoming  parts  on  the  right  and  left. 

The  strength  of  brickwork  depends  on  the  manner 
in  which  the  bricks  are  laid.  The  practice  in 
England  is  confined  to  what  is  called  Old  English 
bond  and  Flemhk  bond.    In  English  bond.  Fig.  251, 


row  of  bricks,  laid  lengthwise  on  the  length  of  the 
w;dl,  is  crossed  by  a  row  with  its  breadth  in  this 
length,  and  so  on  alternately.  The  courses  in  which 
the  lengths  of  the  bricks  are  disposed  through  the 
length  of  the  wall,  are  called  stretchinn  courses,  and 
the  bricks  stretchers.  The  courses  in  which  the 
lengths  of  tne  bricks  run  in  the  thickness  of  the 
WiJls,  are  called  heading  courses,  and  the  bricks 
headers.     Flemish   bond,    Fig.  2.52,    wliieh   was   in- 


luccd  into  England  about  the  reign  of  William 
j-j  i  I — i  r — j — i —  and  Mary,  consists  in 
I  I  i  ,  I  I  I  I  I  placing  a  header  and 
I  I  I  a  stretcher  alternately 


I  the  s 


j 1 r  The    effect    i»    muiu 

!  '   pleasing  than  the  for- 

■Fi^-  253.  mcr,    but  this  mode 

docs  not  produce  so 
strong  awall.  The  face 
of  an  upright  wall  in 
English  bond  is  shown 
in  Fig.  253,  and  that 
of  Flemish  bond  in 
•'''•  Fig.  254. 

English  bond  in  a  nine-inch  walling. 
Mr.  Nicholson  remarks 
that,  as  the  length  of  a 
brick  is  nine  inches,  and 
its  breadth  41-,  it  is  usual, 
to  prevent  two  vertical 
joints  from  running  over 
each  other,  at  the  end  of  the  fii-st  stretcher  from  the 
corner,  to  place  the  return  comer  stretcher,  which  be- 
comes a  header  in  the  face  that  the  stretcher  is  in 
below,  and  occupies  half  its  length ;  a  quarter  brick 
is  placed  on  inside,  so  that  the  two  together  extend 
OJ  inches,  leaving  a  lap  of  2J  inches  for  the  next 
header,  which  lies  with  its  middle  upon  the  middle  of 
the  header  below,  and  forms  a  continuation  of  the 
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bond.  The  three-quarter  bat  ihus  introduced  is 
called  a  closer.  A  similar  effect  might  be  obtained 
by  introducing  a  three-quarter  bat  at  the  comer  of 
the  stretching  course,  and  then  the  comer  header 
being  laid  over  it,  a  lap  of  2j  inches  will  be  left  at 
the  end  of  the  stretchers  below  for  the  next  header, 
which  being  laid,  the  joint  below  the  stretchers  will 
coincide  with  its  middle,  and  thus  form  the  bond. 

In  a  fourteen-inch,  or  brick-and-a-half  wall.  Fig. 
256,  the  stretching- 
course  upon  one  side  is 
laid  so  that  the  middle 
of  the  breadth  of  the 
bricks  upon  the  oppo- 
site side  falls  altematcly 
upon  the  middle  of  the 
stretchers  and  upon  the 
joints  bet-ween  the 
stretchers. 

In  a  two-brick  wall. 
Fig.  257,  every  alternate 
header  in  the  heading- 
course  isonlyhalf  a  brick 
tliick  on  both  sides, 
which  breaks  the  joints 
in  the  core  of  the  wrall. 

In  a  two-and-a-half  biick  wall,  Fig.  258,  the  bricks 
are  laid  as  shown  in  Fig.  259. 
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Flemish  bond  for  a  nine-inch  wall  is  shown  in  Fig. 

260,  where  two  stretchers  lie  between  two  headers ; 
the  length  of  the  headers  and  the  breadth  of  the 
stretchers  extending  the  whole  thickness  of  the  wall. 

Li  brick-and-a-hplf  Fle- 
mish bond,  one  side  is 
laid  as  in  Fig.  200,  and 
the  opposite  side  with  a 
half-header  opposite  to  the 
middle  of  the  stretcher,  and 
the  middle  of  the  stretcher 
opposite  the  middle  of  the 
end  of  the  header. 

The  adoption  of  Flemish  bond  leads  to  the  frequent 
splitting  of  walls ;  and  to  prevent  it,  laths,  or  slips  oi 
hoop-iron,  are  sometimes  laid  in  the  horizontal  joints 
bet-iveen  the  two  courses.  Others  have  laid  diagonal 
courses  of  bricks  at  certain  heights  from  each  other. 
Attempts  have  also  been  made  to  unite  complete 
bond  with  Flemish  facmgs,  for  the  sake  of  the  im- 
proved appearance  which  the  latter  gives.    In  Figs. 

261,  262,  263,  204,  the  interior  bricks  are  repre- 
sented as  disposed  so  as  to  unite  the  two  methods. 
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tlie  lesult  IS  30G  cubic  feet  m  the  i    I      \  lol  of 

staud  id  buc^  woik  with  mo  t  n   will  it  i    ii,  4  500 
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the  aijast  ent  of  the  bi  oks  m  one  coaise  mu  t 
lei  end  ^1°'^  ^^^  couise  beueith  wlich  i  u-it  be 
recollected  by  the  br  cklaycr  aftei  he  1  is  oovciLd  the 
course  with  mortar  E\en  should  he  keep  his  atten 
t  on  th  is  vU\c  the  work  is  not  so  strong  is  Eu^^lish 
bond  which,  il  executed  with  the  same  attention  and 
ueatness  as  is  lequired  by  the  Plemish  would  be 
e  jually  handsome  ui  api  earance 

Ml  Nicholson  g  ves  the  foUow  ug  r  lies  foi  foi  nmg 
Enghsh  bond  — 1  Eich  couise  is  to  bo  formed  ol 
leaders  and  stietcheis  altei  lately  2  Eveiy  buck 
ilho    a    ec  ll     1    1      11       \    eduection 

1  I  I  I       I  with  its 

tleimUlc 
1    1  \ef.lti  g  the 

outbidL  ui  thi,  btiLtuhm^  lu  use  1 1,  l  thiee  qiaitei 
bncl  s  necessaiily  occur  at  the  ends  to  picvent  a 
continue  1  upiight  joint  m  the  face  woik  3  A  wall 
which  ciosscs  at  a  light  angle  with  another  will  hi\c 
ill  the  bucks  of  the  same  le^el  couise  in  the  same 
laiallel  duection  which  conpletely  bonds  the  angles 
as  shown  by  ^orae  of  the  prcc   1       1 

In  building  a  wall  bucks     1      1  1 
towards  the  middle  of  the  w  11 
wall  may  act  as  a  shoie  to  th 
the  piactice  to  budd  pec        I 
ti  ihc  s    mto   the  wall  rui 

length  in  order  to  add  to  it  II 

of  building  walls   is   object  I     1 

timber  should  decay  the  wall       v  1      I    I  y  u  lo 

IS  aw  ire  of  the  cause  of  failme  Ihis  n  ctliod  of 
bonding  is  now  almost  entirely  supeiseded  by  the 
loop  I  01  bonl  which  consists  m  laying  hooj  ion 
(lit  r  bc  btt  V  en  the  courses  Tl  e  iion  should  be 
blinl  tlv  1  bt  1  lYwhchits  adhcsiou  to  the  mortar 
i^^r    tb      e      b   1 

In  vmtci  t  lb  m|  oitant  to  pieserve  the  unfimbhed 
wall  ab  much  as  jobsible  fiom  the  alternate  effects  of 
lam  and  fiObt  the  one  peuetiatmg  into  the  matcrnls 
and  the  other  convei-tmg  the  water  mto  ice  which  by 
its  expiibun  1  u  btb  i  I  c  u  Ikb  (he  miteiials 
The  unfmbl  d  \  11  i  t  tl  1  l  le  coveiedwith 
bt  iw  c  th  a  Tp  tl  r  1  i  1  in  the  form  of  a 
stoi  c  c  1  m^   with  a  1    ly    t  st    w  uii  Ici  the  wood 

Bncl  woik  IS  neasuicd  by  tl  e  ol  A  rod  of 
buck  woik  taken  fiom  the  or  gmal  stanUi  lof  If  _j 
feet  square  contamed  m  the  suiufcial  lod  272 J 
s  [u  lie  feet  but  as  the  qua  to  t       1  I      1  Ic 

some  in  calcidation  272  si  i     I  lie 

the  stan  lard  for  brick  woik      I  I       s 

ot  a  brick  wall  is  one  and  a  1  o 

that  if  272  square  feet  be  u    1  1  I     i  hcs 


1    bitks 
cl   11  h  ic  auUsu^le  loals  of  diJt  b 
13  tons 

ri  0  biiolhyeis  hi  ouici  is  paid  at  the  late  of 
twotlnds  of  the  bucl  lajei  s  wages  pei  day  One 
labouer  s  sufficient  foi  a  buckliyci  when  on  tl  e 
giound  but  as  the  woil  aKauccs  iil  1 1  i  oie 
may  be  lequiicd  Li  coi  iion  \  llii  wlcic  there 
aie  few  oi  no  mtcruntio  s  1  y  aj  eit  lies  oi  leocbscb 
tl  c  b  cklayer  m11  1  j  1  000  liickb  m  one  d  j  or 
CO  iplcte  a  10 1  ill  al  0  t  4    d  ys 

Ihcie  IS  a  methol  of  constiicfi  g  a  w  11  \  ill  a 
row  of  I  0  tb  01  q  laitcis  3  tcot  aj  a  t  tl  e  i  I  K 
of  wh  ch  aie  lUled  up  with  1 1  cl  w  1  II  s  is 
caUel   b     1  ojj   g      It   lb   bcl  1  e   tl        tie 

w  dth  ol  a  1 1  cl  lu  thicl  ucs    ai  1    I      11      t  be  i  bC  1 
wheic  thiol  1  CSS  c   i  be  ol  1 1  ued  1  r     i       i  ich  ^    11 

After  a  w  11  lb  ll  It  the  j  iitb  ol  ll  e  bncl  s  on 
the  face  aie  son  ctuies  filled  up  \  th  u  oitai  so  is  to 
picsent  a  icgdai  aul  neat  ape  la  ce  Tl  is  is 
called  ^  o;  ^  y    lud  lb  of  t       1  '  I     1     h 

the  inoitai  m  the  jomts  I  I  Ued 

up  aga  u  with  1  lue  nioit        I  11   1 

fli I     1 1      t  J  i\  I  1     th 


1  bicadth  till  lb  c  Ue  1 
1  tig 
G  omed  el  es  a  e  bu  etiu  es  n  ade  of  buck  A 
giom  IS  the  angulai  eur\e  foimed  by  the  inteisectiou 
of  two  semi  cyhuleis  oi  rol  cb  Ihey  aie  riised  on 
cei  tics  foi  1  ed  of  caipcntiy  woik  The  tuining  of 
a  SI  11  le  aich  on  a  ccntie  lequucs  only  caie  to  keep 
the  corns  s  s  close  as  possible  a  d  to  a\oi  1  the  use 
of  inch  noilai  oi  tl  ii  ]  t  It!  j  its 
Tl  e  difficulty  ol  1  t    n 

the  peeuhar  i      1  I         1     in 

tci section  of  tl  to 

the  ciown  whei     t  i  1    the 

moetu  g  01  mleisect  u^  oi  th  be  u^l  s  tl  e  luiiei  rib 
sloull  be  pcifectly  stiaight  and  peqculicid  i  to  a 
diigonal  kne  drawn  on  tl  o  jh  i  \.ftci  tl  e  centics 
aie  set  the  api  1  11    the  ai  ^le  w  U 

show  m  what  1  The  sides     e 

A  vauety  oi  I  ces   nay  1  o 

foi  el  by  citt  ig  1  cl  j,  _,  tl  i osit  on  ot  the 
1  icks  euiploj  ed      Otheis  may  bo  foimcd  by  chamfer 

Niches  m  bncl  woik  foim  tne  most  d  tTc  dt  part 
of  the  biicklayci  s  art  The  difficulty  ai  scs  fioii 
the  tl  inness  to  which  tl  e  buck  must  bc  ic  1  icc  1  at 
the  inner  cncle  as  they  cannot  extend  1  eyon  1  tne 
(h  ckness  of  one  buck  at  the  crown  oi  top  it  being 


^ual   i 


eat  to   1 


staiuliug. 

The  chief  authority  in  this  article  has  been 
Nicholson's  New  Practical  Builder,  London,  1823. 
One  of  the  earliest  treatises  on  Bricklaying  is  con- 
tained in  the  "  Meehaiiick's  Exercises  on  the  doctrine 
of  Handyworks,"  by  Joseph  Moxon,  thii'd  Edition, 
London,  1703.  The  Author  in  his  Preface  seems  to 
think  an  apology  necessary  for  -writing  on  such 
humble  subjects  as  "Bricklayery ;"  but  he  says: — • 
"  I  see  no  more  reason  why  the  sordidness  of  some 
workmen  should  be  the  cause  of  contempt  upon 
manual  operations,  than  that  the  excellent  invention 
of  a  mill  should  be  despised  because  a  blind  horse 

BRIDGE.  An  elevated  construction  upon  or  over 
a  depression,  and  between  depressed  poiuts,  probably 
derived  from  the  word  ritfy,;  with  the  prefix  be. 
Professor  Ilosking  dellncs  a  bridge  as  "  a  constructed 
platform,  supported  at  intervals  or  at  remote  points, 
for  the  pui'pose  of  a  road-way  over  a  strait,  an  inlet 
or  arm  of  the  sea,  a  river,  or  other  stream  of  water, 
a  canal,  a  valley,  or  other  depression,  and  over 
another  road;  distinguished  from  a  causeway,  or 
embanked  or  other  continuously-supported  road-way, 
and  from  a  raft,  by  being  so  borne  at  intervals  or  at 
remote  points."'  Aqueducts,  for  conveying  streams 
of  water  or  canals,  and  viulnpt"  fm-  pnn-viug  roads 
or  railways,  upon  the  >:ii  i  '    ' '       ;iiie,  level, 

over  depressions,  are  jii,"  Lis  bridges. 

a.  of  the 


s  toe 


p"-  •  iivcuiencc  of  passage 

mid  :i-ri  >  iJiln;-  ,  .1  iKil:ii,  The  whole  depression 
or  valley  must  practically  bo  obliterated  in  its  effect 
upon  the  road,  by  means  of  the  bridge  passing  from 
one  simimit  to  the  other,  so  that  the  ordinary  traffic 
may  be  carried  on  without  interruption.  The  bridge 
must  also  afford  facility  of  passage  under  it,  not  only 
for  the  stream,  but  also  for  the  commerce  of  men  and 
merchandise  which  are  borne  along  upon  the  waters. 
But  a  bridge  is  not  limited  to  one  particular  form, 
size,  iiroiior(iuii,  iiiidrrial,  mode  of  construction, 
arndigriiiiiil,  or  design,  Ijut  is  such  as  circumstances 
require  it  (o  be.  Where  a  stream  or  body  of  water 
occui's  in  the  line  of  a  groat  public  road,  so  as  to 
inten-upt  its  continuity,  some  kind  of  bridge  is  neces- 
sary. In  a  river,  estuary,  strait,  or  arm  of  the  sea, 
where  the  banks  are  wide  and  low,  and  where  the 
navigation  for  vessels  with  lofty  rigging  is  to  be  kept 
free,  an  ordinary  bridge  may  be  impossible,  and  a 
lloating  bridge,  such  as  a  passage-raft,  or  punt,  may 
be  all  that  can  be  allowed.  For  example,  the  great 
mail-road  from  the  metropolis,  through  Bristol,  into 
South  Wales,  is  intercepted  by  the  Severn  :  the  river 
is  wide ;  its  banks  are  low ;  the  water  is  sufEcient 
for  marine  navigation,  and  the  trade  of  the  coimtry 

Stone,  Iron,  Timber,  and  Wire ;  with  Examples  on  the  principle  of 
Suspension:  Illustrated  by  l.SS  Engravings,  and  92  Wood-cuts." 


requii-cs  that  its  course  should  remain  open  for  that 
piu-pose.  Hence,  the  erection  of  a  bridge  is  pro- 
hibited. But  where  the  banks  are  high,  and  the 
channel  comparatively  narrow,  a  bridge  may  be 
thrown  over,  as  in  the  case  of  the  Wear,  at  Bishop's 
Wearmouth,  by  Sunderland.  So,  also,  the  Straits  of 
the  Meuai  are  passed  over  by  the  great  Holyhead 
road,  without  impeding  the  passage  of  ships  through 
the  straits. 

In  treating  of  so  extensive  and  compKcated  a  sub- 
ject as  that  of  bridges,  the  Klerature  of  which  forms 
a  library  in  itself,  it  will  be  desirable  to  divide  it  into 
sections,  by  bringing  together,  first,  a  few  notes  on 
the  History  of  Bridges,  chiefly  of  stone ;  secondly, 
some  details  respecting  the  Theory  of  Bridges ; 
tldrili/,  the  Practice  of  Bridge-bmlding ;  fourthly, 
Timber-bridges  ;  fifthly.  Suspension-bridges  ;  and 
lastly,  L-on,  Girder,  and  Tubular-bridges. 

Section  I.— Histoeicax  Notice  op  Bridge.s. 
The  art  of  bridge-bmlding,  like  all  other  useful 
arts,  was  of  slow  growth,  and  has  shared  in  all  the 
varied  changes  of  man's  social  position  at  difi'erent 
periods  of  his  history.  In  a  rude  state  of  society, 
the  most  obvious  and  simple  bridge  is  a  tree  thrown 
across  a  stream;  or,  if  the  breadth  of  the  stream 
be  too  great  to  be  spamied  by  a  single  tree,  a  tree 
on  each  side  of  the  stream  bent  down,  and  the 
branches  twisted  together  in  the  middle.  Mungo 
Park  observed  this  method  on  the  rivers  in  the  in- 
terior of  Africa.  Another  step  in  advance  is  to 
stretch  across  a  river  a  number  of  ropes,  made  of 
rushes  or  leathern  thongs,  secui'ed  on  the  opposite 
banks  between  trees  and  posts,  and  connected  and 
covered,  so  as  to  form  a  slight  bridge.  This  method 
is  practised  in  some  of  the  mountainous  districts  of 
South  America.  The  ropes  are  formed  of  tliougs  of 
ox-hide,  consisting  of  several  strands,  about  six  or 
eight  inches  in  thickness,  and  across  these,  in  a  trans- 
verse direction,  sticks  are  laid,  and  these  are  covered 
with  a  flooring  of  branches  of  trees.  In  other  cases, 
an  ox-hide  rope  is  extended  from  one  side  of  the 
river  to  the  other,  and  is  sccm-ed  to  each  bank  by 
means  of  strong  posts.  On  one  side  is  a  kind  of 
wheel,  or  winch,  to  straighten  or  slacken  the  rope, 
from  which  hangs,  by  a  clue  at  each  end,  a  kind  of 
leathern  hammock,  capable  of  holding  a  man.  A  I'ope 
fastened  to  either  clue,  and  extended  to  each  side  of 
the  river,  is  used  for  di'awing  the  hammock  to  the 
side  intended.  A  push  at  its  first  setting-off  sends  it 
quickly  to  the  other  side.  Mules  arc  carried  over  in 
this  way. 

Another  mode  of  bridge-bmlding  is  to  construct 
piers  of  stone,  at  a  short  distance  from  each  other, 
to  be  spanned  by  single  stones  or  slabs,  or  by  beams 
of  timber.  When  this  kind  of  bridge  is  used  for 
shallow  streams,  and  is  composed  of  rough  stones, 
without  mortar,  the  operation  is  simple ;  but  in  deep 
and  rapid  streams,  the  construction  of  piers  of  hewn 
stone  indicates  a  considerable  advance  in  the  useful 
j  arts,  because  a  proper  foundation  for  each  pier  is 
I  required.    The  bridge  over  the  Euphr-ates  at  Babylon 
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a  thus  formed,  and  this  mcUiod  of  coustruction  is 
common  in  different  parts  of  Cliina. 

In  that  singularly  interesting  country,  also,  the 
arch — that  grand  feature  in  a  bridge — has  been  in 
use  for  many  ages ;  but  the  Chmese — in  many  oases, 
at  least — do  not  seem  to  have  constructed  arched 
bridges  of  sufficient  strength  to  Liar  cauiaucs  The 
arch,  however,  covers  the  gaU-v.        i    i '  \  ill ; 

and  Kircher  speaks  of  stone  1  uc 

and  four  miles  long,  and  of  an  lilc 

span  of  six  hundred  feet.     In   1  I  il.e 

arch  does  not  seem  to  have  1  i  d 

to  the  construction  of  a  brid  i  i  u  k 

arches  are  said  to  have  been  1  nil.  i  ,  the 
tombs  of  Thebes,  yet  the  ancient  Eg_\pti,nis  never 
buUt  a  permanent  bridge  across  the  Nde.  There  is 
no  trace  of  the  arch  in  the  ancient  works  of  Persia 
or  Phoenicia;  and  even  the  Greeks,  who  created  a 
school  of  architectui-c  and  sculptm-e,  have  a  vei-y 
doubtful  claim  to  the  knowledge  of  the  arch.  TTlien 
Pericles  adorned  the  city  of  Athens  with  splendid 
edifices,  a  stone  bridge  was  not  constructed  over  the 
small  river  Cephisus,  although  upon  the  most  fre- 
quented road  to  that  city.  It  is  to  the  Romans  that 
the  western  world  is  indebted  for  tliis  usefid  in- 
vention. There  is  great  uncertainty  as  to  the  time 
when  the  Romans  first  used  the  arch.  If  the  cloaca 
of  Home  were  constructed  in  the  tune  of  the  elder 
Tarquin,  the  use  of  arches  must  have  been  then  well 
known.  Some  writers  suppose  that  the  Romans 
derived  then-  knowledge  of  the  arch  from  the  Tuscans, 
a  colony  of  Dorians,  and  hence  intimately  coimeeted 
with  Greece.  Some  of  the  ancient  Roman  bridges 
still  exist.  (See  Pig.  265.)  One  of  the  most  mag- 
nificent was  buHt  by  Augustus,  near  Narni,  on  the 


r  to  the  roadway, 
n  empire  to  the 
■5  by  the  liloors 


road  from  Rome  to  Loretlo.     It  consisted  of  f 
arches,  the  first  of  75  feet  span,  and  102  feet  hciLl  ' 
the  spans  of  the  other  arches  Moie  1:)J,  Hi,  and  1  1 -' 
feet,  respectively.     In  the   pi  '        I        ms 

built    many  magnificent   bn  I  of 

Merida,  on  the  river  Guadi.i'i  i  '        i         In  ■  n 

1,300  paces  long,  with  64  aicliL..  l.,i  il  i  ^  the 
most  magnificent  of  all  the  Roman  biiJL,eo,  and  one 
of  the  noblest  monuments  of  antiquity,  is  the  bridge 
of  Alcantara,  on  the  Tagus,  consisting  of  6  arches  : 
the    whole    length   is   C70    Spanish  feet,   and   the 


height,  from  the  bed  of  the 
is  205  feet. 

From  the  dtbtiucfinu  nf  the  Ru 
establ  si.  ,11         ill  1 

in  Spill  I  "iilova,  over  the 

Guad.ili^i  All     I  I  III      I      li^iu  to  revive  in 

Eui'opc,  (key  Mcie  chitlly  din-ctcd  to  religious  struc- 
tures. There  was  little  seem-ity  for  travellers,  es- 
pecially in  passiog  rivers,  where  they  were  exposed 
to  violent  exactions  by  banditti  and  robber  knights. 
To  put  a  stop  to  these  disorders,  sundi-y  persons 
formed  themselves  into  fraternities,  which  became  a 
religious  order,  under  the  title  of  the  Brethren  of  the 
Bridge.  The  object  of  this  insi  itution  was  to  build 
bridges,  establish  ferry-boats,  and  receive  travellers 
into  hospitals  on  the  shores  of  ri\crs.  The  first 
establishment  was  upon  the  Diu-ance,  at  a  dangerous 
spot  named  Maitpas ;  but,  iu  consequence  of  the 
omodation  arising  from  this  establishment,  it 
acquii-ed  the  name  of  Boiqucs.  It  is  related  that  St. 
Benezet,  who  proposed  and  directed  the  building  of 
the  bridge  of  Avignon,  was  a  shepherd ;  and  that,  at 
the  age  of  twelve,  he  was  supernaturaUy  commanded 
to  quit  his  flock,  and  undertake  this  enterprise ;  that 
he  arrived  at  Avignon  at  the  tune  when  the  bishop 
preaching  to  fortify  the  minds  of  the  people 
against  an  eclipse  of  the  sim,  which  was  to  happen 
the  same  day.  Benezet  raised  his  voice  in  the  chiu-eh, 
and  said  that  he  was  come  to  build  a  bridge.  His 
proposal  was  accepted  by  the  people  with  applause, 
but  rejected  by  the  magistrates  and  some  others. 
As  it  was  at  that  time  an  act  of  piety  to  budd  a 
bridge,  and  Avignon  was  then  a  popular  republic, 
the  people  prevailed ;  and  every  one  contributed  to 
the  good  work,  some  by  money,  and  some  by  labour, 
all  under  the  direction  of  Benezet,  aided  by  the 
Brethren.  Upon  the  thii-d  pier  was  erected  a  chapel 
to  St.  Kicholas,  protector  of  those  who  navigate 
ii\crs.  This  was  done  in  llSl,  after  the  death  of 
Bcnc/.ct,  -nho  cstabUshed  a  conventual  house  and  a 
hos])ital,  lca\uig  the  Bicthren  to  continue  the  work 
of  the  bridge.  This  bridge  was  commenced  in  1176, 
and  completed  in  llSb.  It  was  composed  of  18 
arches.  In  13S5,  during  the  contentions  of  the 
popes,  some  of  its  arches  were  destroyed:  three 
others  fcU  iu  1602,  from  the  neglect  of  repairing  a 
fallen  arch.  In  1070,  the  frost  was  so  great  that 
the  Rhone,  for  several  weeks,  bore  the  heaviest 
carri.n2;e3 :  when  the  thaw  followed,  the  piers  were 
i'  'i  .  1  I  -  ^  pt  the  thii-d,  v;hich  bore  the  chapel. 
I  '     '-IS  of  Lyons,  of  20  arches,  aud  St. 

'  \  '  ic  erected  by  tlie  surviving  Bretkreu 

Accoulm'j:  to  Pcrronet,  an  arch  of  150  Preucli 
feet  (equal  to  100  Engboh  feet)  span  was  erected  at 
Verona,  in  1354;  aud,  m  1154,  one  of  1S3.S  English 
feet  span,  and  70.0  feet  of  rise  from  the  springing,  at 
VieUe  Brionde,  upon  the  river  AUier,  in  Prance. 
There  are  also  many  fine  bridges  in  Italy.  The 
finest  in  Venice  is  the  Rialto,  of  98i  feet  span,  and 
23  feet  rise  :  it  was  desisned  bv  Michael  Angclo,  and 
02 


196  BRL 

erected  between  loSS  .lud  1501.     There  arc  uo  fewer 
than  339  bridges  in  Venice. 

Some  very  beautiful  bridges  have  been  erected  in 
France  during  the  last  two  centuries.  Plans  and 
descriptions  of  some  of  those  erected  between  1750 
and  1772  are  given  by  PeiTonet.  Many  of  them  are 
of  great  simplicity  and  elegance.     The  bridge  erected 


over  the  Seine  at  Neuilly  by  Perronet  is  said  to  be 
liis  finest  work.  It  consists  of  5  arches,  each  12S.2 
feet  (English)  span,  and  32  feet  rise.  The  breadth, 
including  the  parapets,  is  4S  feet.  It  was  commenced 
in  April,  1768,  and  opened  in  October,  1773  ;  the 
masonry  was  completed  in  177i ;  the  roads,  and  other 
operations  connected  with  it  were  finished  in  1780. 


The  art  of  bridge-building  in  Eu/.m  1  kq.t.  j.acc 
with  its  progress  on  the  continent.  The  singular 
bridge  at  Croyiand,  in  Lincolnshire,  (Fig.  267)  is  said 
to  have  been  built  in  860.  It  has  three  distinct 
aiiproachcs,  formed  by  three  segments  of  a  circle. 


^^". 


if 


which,  mev?tmg  m  the  nndiUc,  form  pointed  arches, 
their  bases  or  abutments  standing  upon  the  points  of 
an  equilateral  triangle. 

Old  London  Bridge  was  commenced  in  the  reign 
of  Henry  II.,  under  the  direction  of  Peter  of  Col- 
chester, in  1176,  the  same  year  that  the  bridge  of 
Avignon  was  begun.  TheFrench  bridge  was  completed 
in  twelve  years  :  the  erection  of  the  EugKsh  bridge 
occupied  eighty-thi-ee ;  but  tuis  arose  from  the  in- 
terruptions which  must  be  experienced  in  a  river 
where  the  tide  rises  twice  every  day,  from  13  to  18 
feet.  The  piles  -were  principally  of  ehn,  and  remained 
for  six  centuries  without  material  decay,  although  a 
portion  of  the  bridge  fell,  and  was  rebuilt,  about  one 
hundred  years  after  it  was  begun.  The  stone  bridge 
at  Newcastle-upon-Tyne  (bnUt  in  1281),  and  that 
over  the  Medway,  at  Rochester,  consisting  of  11 
arches,  were  erected  about  the  same  time  as  the 
bridges  of  St.  Esprit  and  Lyons,  already  noticed. 
During  several  centuries  there  were  houses  along 
c-ach  side  of  London  Bridge ;  but  these  were  removed 
in  1758.  The  middle  pier  was  also  taken  away.  The 
piles  were  drawn  by  a  very  powerful  screw,  commonly 
used  for  Ufting  the  wheels  of  the  water-works ;  and 


the  space  including  the  two  adjacent  arches  converted 
into  one  arch,  of  72  feet  span.  The  remaining  old 
arches  were  very  narrow,  and  the  piers  of  vast  size, 
being  from  15  to  25  feet  in  thickness  above  the 
sterlings.  Many  of  ths  old  English  bridges  were 
fortified  with  gateways.  In  1636,  Inigo  Jones 
designed  a  bridge,  which  was  erected  at  Llanwst,  in 
Denbighshire,  consisting  of  3  arches,  segments  of 
circles :  the  middle  one  is  58  feet  span,  and  rises  17 
feet ;  the  piers  are  10  feet  thick,  and  the  breadth  of 
the  soffit  of  the  middle  arch  is  14  feet.  The  arch- 
atones  of  the  largest  arch  are  only  18  inches  deep ; 
:  Ke  covering  over  them  is  small,  and  the  approaches 
:  le  very  steep,  so  that  the  bridge  has  a  very  light 

li>  'I'io'^,  the  situation  of  the  present  decayed 
.  AVestminster  Bridge,  was  agreed  on,  and 
I.  iye,  the  architect,  was  allowed,  after  much 
liuui/i  aiid  diificulty  on  the  part  of  the  commissioners 
appointed  by  Parliament,  to  lay  the  foundations  of 
the  piers  in  caissons,  or  chests,  filled  with  masonry, 
of  a  form  and  size  suitable  to  the  piers  intended  to 
be  erected,  and  floated  to  the  sites  of  the  piers, 
where  they  were  sunk,  the  bed  of  the  river  having 
been  previously  levelled  by  di-edgmg.  This  method 
was  adopted  instead  of  placing  the  fourtdations  upon 
piles,  in  the  ancient  manner,  cut  off  above  the  level 
of  low  water,  or  using  batterdeaux  or  cofferdams 
formed  around  the  foundations,  and  pumping  the 
water  from  the  inside,  as  had  been  done  in  more 
modem  times.  The  bridge  was  surmounted  by  a 
lofty  parapet,  the  object  of  which  was  to  secm-e  a 
sufficient  weight  of  masonry  to  keep  the  caissons  in 
place.  Labalye  states  that  tliis  bridge  contained  twice 
the  number  of  cubic  feet  of  stone  used  in  St.  Paul's 
Cathedral.  The  bridge  was  finished  in  174:7,  and  was 
about  to  be  opened,  when  the  following  accident 
happened  : — Some  workmen  employed  to  get  gravel 
out  of  the  bed  of  the  river,  to  cover  the  roadway 
of  the  bridge,  finding  some  very  suitable  near  the 
third  pier  on  the  western  side  of  the  centre  arch, 
excavated  considerably  lower  than  the  foundation, 
and  too  near  it ;  consequently,  the  gravel  escaped 
from  under  the  platform,  and  the  pier  sunk  so 
much  as  to  make  it  necessary  to  take  down  tho 
two  arches  which  rested  upon  it.     The  opening'  of 


the  bridge  was  therefore  delayed  until  the  18th 
Novfimber,  1750.  This  bridge  consists  of  13  large 
and  2  small  arches :  their  forms  are  semicircular ; 
the  middle  one  is  76  feet  span,  and  the  breadth  over 
the  parapets  44  feet.  The  system  of  building  on 
caissons,  as  illustrated  by  the  subsequent  history  of 
this  bridge,  has  proved  a  failure,  and  has  not  been 
adopted  iu  Eugland.  After  the  removal  of  old  London 
Bridge,  the  bed  of  the  river,  on  which  the  caissons 
rest,  became  undermined  so  much  by  the  body  of 
water,  and  increased  velocity  of  the  tide,  that 
some  of  the  piers  gave  way  in  1846,  so  that  in 
August  of  that  year  it  was  found  necessary  to  close 
the  bridge.  Portions  of  the  heavy  masonry  about 
it  were  removed,  and  the  bridge  itself  was  consi- 
derably lowered.  It  has  remained  for  some  years 
standing,  as  it  were,  upon  crutches,  awaiting  its 
dissolution.  Mr.  Page  has  now  (1801)  nearly  finibhrd 
a  new  structure,  which  will  be  described  iu  iIn 
AprENDix. 

Blackfriars  l^.iiiltre  was  commenced  from  a  dcsi-ii 
byRobcrl  \l\ln,,  ,i>,,Mf  I  riivrars  after  the  completion 


h  consists  of  9  elliptical 
r,  I  (IU  feet  span;  the  length 
;•(  from  wharf  to  wharf ;  the 
;a  is  43  feet  6  inches.  The 
is;  but  piles  were  previously 


of  West, n,.    -        !■    :.l    .• 

arches.  Tu.    ,„,.„i  .•  „,,  . 

of  the  brulgc  is  'J',».3  ici 

breadth  across  the  brid; 

piers  were  built  in  caissoi 

driven  for  the  caissons  to  rest  upon.     I'lic  ai-chcs 

being  of  wider  span  :i:i  i  ^i'  ;,;.  <  i,M  ■>■  .i  fiirn,,  :i!i4  the 

piers  of  proportiiiiiai:,  .'  Irss 

masonry  over  the  t(i|>    '.  ,    '.     ^     '      li  i- a 

The  expense  of  Blackfriars  Bridge,  including  the 
purchase  of  premises,  was  about  200,000/. :  that  of 
the  building  was  oiJy  170,000/.  Westminster  Bridge 
cost  about  400,000/.  Blackfriars  Bridge  was  made 
liassable  as  a  bridle-way  on  the  19t.h  November,  1768, 
and  was  generally  opened  on  the  19th  November, 
1709.  There  was  a  toll  of  one  halfpenny  for  every 
foot  passenger,  and  one  penny  on  Sundays,  until  the 
22d  June,  1785,  when  Government  bought  the  toU, 
and  made  the  bridge  free.  A  few  years  ago,  the 
bridge  was  lowered,  and  the  open  balustrade  removed. 

It  is  impossible  in  this  brief  sketch  to  notice  the 
various  bridges  erected  in  modem  tunes  in  Great 
Britain  ami  Ireland.  Some  of  them  will  be  incidentally 
noticed  in  the  different  sections  of  this  article.  We 
cannot,  however,  refrain  from  giving  a  few  details 
respecting  the  beautiful  bridge  which  has  taken  the 
place  of  old  London  Bridge. 

The  old  method  of  la}dng  the  foundations  of  piers, 
which  was  introduced  soon  after  the  Conquest,  was 
very  defective,  and  was  particularly  exemplified  in 
the  old  London  Bridge.  "  The  masonry  commenced 
above  low-water  mark,  being  supported  on  piles, 
which  woidd  have  been  exposed  to  the  destructive 
alternation  of  moisture  and  dryness,  with  the  access 
of  air,  if  they  had  not  been  defended  by  other  piles, 
forming  projections,  partly  filled  with  stone,  and  de- 
nominated sk'i-lii/ffs,  which,  in  their  turn,  occasionally 
required  the  support  and  defence  of  new  pUes  sur- 
rounding them,  since  they  wern  not  easily  removed 
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when  they  decayed ;  so  that,  by  degrees,  a  great  inter- 
ruption was  occasioned  by  the  breadth  of  the  piers, 
thus  augmented,  requiring,  for  the  transmission  of  the 
water,  an  increase  of  velocity,  which  was  not  oidy 
inconvenient  to  the  navigation,  but  also  carried  away 
the  bed  of  the  river  under  the  arches  and  immediately 
below  the  bridge,  n,  '  i  ,/  k:>  |i  |,..i.ls  or  excavations, 
which  reqxiired  ii'      '  i  >  lie  fdled  up  with 

rubble-stones ;   x-. !  i  I  ^  which  had  been 

carried  awaybyi!i<'  -!;.::!i  ynr  ilrposited  a  little 
lower  down,  iu  shoals,  ami  very  mucli  interfered  with 
the  navigation  of  the  river."  Prom  these  circum- 
stances, as  well  as  from  the  effects  of  time  and  decay, 
it  happened  that  the  repairs  of  the  old  London  Bridge 
often  amounted,  for  mauy  years  together,  to  4,000/. 
a-year.  "  It  is  true  that  the  fall  produced  the  triHiiig 
advaufagc  of  enabling  the  London  water-wnrks  to 

'     ■  '    ■  ..I  ■  •,,,.-■.:"■'•-.  ilillslied 

:i    !        :.,':,  I   L,   .   :    p,.'    v,,:M..vriiients 

bcuclit  of  the  navigation  of  t!io  river.  Tlic  interest 
of  the  proprietors  of  the  water-works  had  been  valued 
at  125,000/.,  and  it  had  been  estimated  that  50,000/. 
would  be  required  for  the  erection  of  steam-engines 
to  supply  their  place ;  while,  on  the  other  hand,  from 
thirty  to  forty  persons,  on  an  average,  perished 
annually,  from  the  dangers  of  the  fall  under  the 
bridge." 

The  consequence  of  removing  the  centre  pier  was 
somewhat  to  diminish  the  fall ;  but  it  was  found 
necessary  to  obstruct  the  channel  again,  in  order  that 
the  stream  might  have  force  enougli  for  the  water- 
works. But  it  was  very  difficidt  to  secure  the  bottom 
from  the  effects  of  the  increased  velocity  under  the 
arch.  A  number  of  strong  beams  were  fixed  firmly 
across  the  bed  of  the  river ;  but  only  two  of  them 
remamed  for  any  length  of  time,  and  the  materials 
carried  away  were  deposited  below  the  middle  arch, 
so  as  to  form  a  shoal  which  was  oidy  sixteen  inches 
below  the  surface  at  low  water. 

At  length,  after  the  bridge  had  been  for  more  tlian 
sis  hundi'cd  years  exposed  to  the  constant  action  of 
a  rapid  current,  it  was  determined  to  erect  a  new 
bridge.  The  loss  of  life  and  property  was  frequent, 
in  consequence  of  the  great  velocity  ^vith  which 
bargf's  ainl  Mii'i"  I' (  !':ifl  \\Mri:r:i;i,l  ],\  ']  r  stream 

thrOULl,     ■      :.    .'  :.v!   '.:     >■,...    .1,        .rj'l:    inraUSOf 

a  coii-i  ;■    •■•■     ■:':.,.,.    !     .:   '..  :..:'.iisM-.     In 

and  for  making  suitable  approaflii's  to  it.  John 
Remiie  was  appouited  architect ;  but,  as  he  died 
before  the  bridge  was  begun,  the  execution  of  his 
plan  was  confided  to  his  son,  Sir  John  Rennie.  The 
new  bridge,  consisting  of  five  elliptical  arches,  was 
intended  to  be  on  the  site  of  the  old  one,  and  to 
correspond  with  the  old  approaches.  It  was,  however, 
afterwards  determined  to  construct  it  180  feet  higher 
up  the  river,  so  as  to  avoid  the  steep  ascent  of  Pish 
Street-hill.  The  first  pile  of  a  oofi'crdam  for  the 
south  pier  was  driven  on  the  15th  March,  1824.  and 
the  first  cofferdam  was  completed  on  the  27tli  April, 


1825.  It  consisted  of  three  rows  of  piles,  dressed  in 
the  joints,  and  shod  with  ii'on ;  and  many  of  them 
were  SO  or  90  feet  long.  The  first  stone  of  the  bridge 
was  laid  on  the  15th  June.  The  foundations  of  the 
piers  are  of  wood,  pUcs  of  beech  being  iirst  driven  in 
the  interior  of  the  dam,  to  a  depth  of  nearly  20  feet, 
in  the  stiff  blue  clay  which  forms  the  natural  bed  of 
the  river ;  two  rows  of  horizontal  sleepers,  about  12 
inches  square,  were  t  hen  laid  on  the  head  of  these  piles, 
and  covered  Mil!'.  1'  .■■ 'i  p' i-ikiiii',  G  inches  thick,  on 


vhichthclnM 


.s  laid. 


KLsom-y 
The  obstvnr      I  '  :  Iv  ''"'works  of  the  new 

bridge  rcnduiL'i  il  ii'::::_~b tv  i'.  throw  two  of  the 
small  arches  of  the  old  bridge  at  each  end  into  one, 
which  was  done  in  about  sis  weeks. 

The  centerings  for  supporting  the  arches  of  the 
new  l)ridge  were  requii-cd  to  be  of  great  strength, 
because  the  flatness  of  an  elliptical  arch  produces  a 
greater  load  on  the  centering,  while  buUdmg,  than 
tlie  semicircular  arch  docs.  Each  centre  consisted  of 
ten  frames,  or  ribs,  supported  at  the  two  ends  on 
piles  driven  into  the  bed  of  the  river.  These  frames 
were  boarded  over  on  the  top  with  stout  planks. 
The  arches,  being  unequally  wide,  rcquii-ed  foiu-  sets 
of  centres,  each  containing  nearly  800  tons  of  tmibcr. 
The  first  arch  was  keyed  m  on  the  4th  August  1827, 
and  the  last  on  the  10th  November,  1828.  Instead 
of  filling  np  the  spandrels  of  the  arches  with  loose 
rubble-work,  according  to  the  usual  practice,  longitu- 
tlinal  or  hanee  walls  were  built  over  the  arches,  and 
over  these  large  blocks  of  stone  were  bedded,  sur- 
mounted by  heavy  stone  landings,  on  which  is  a  course 
of  cement,  and  over  that  the  roadway.  The  approach 
from  the  city  side  is  brought  to  the  level  of  the 
bridge  by  a  series  of  laud  arches  in  continuation  of 
the  bridge.  The  bridge  was  completed  on  the  31st 
July,  1S31.  It  consists  of  five  cUiptical  arches  :  the 
centre  arch  is  152  feet  span,  with  a  rise  of  29J  feet 
above  high-water  mark.  The  two  arches  next  the 
centre  are  140  feet  span,  with  a  rise  of  274  feet ;  and 
the  two  abutment  arches  arc  130  feet  span,  with  a 
rise  of  24i  feet.  The  piers  are  solid,  and  rectangular 
in  form.  The  great  dimuiution  in  masonry  work,  in 
consequence  of  the  form  of  the  arches,  allowed  the 
piers  to  be  greatly  diminished  in  size.  The  line  of 
roadway  is  a  segment  of  a  very  large  circle,  the  rise 
being  only  1  in  132.  The  abutments  are  each  73  feet 
wide  at  tlie  base,  and  spread  out  backward,  so  as  to 
sustain  the  thrust  of  the  bridge  with  best  effect.  The 
length  of  the  bridge,  from  the  extremities  of  the  abut- 
ments, is  9S2  feet,  and,  witliin  the  abutments,  728 
feet.  The  roadway  is  53  feet  between  the  parapets, 
being  8  feet  wider  than  the  old  bridge,  and  11  feet 
wider  than  any  other  bridge  on  the  Thames.  The 
foot-ways  occujiy  9  feet  each,  and  the  carriage-way 
35  feet.  Tlie  bridge  is  of  the  finest  granite,  from 
the  quarries  of  Aberdeen,  Heytor,  and  Peniyn.  The 
total  quantity  of  stone  was  about  120,000  tons. 

Section  II. — Theory  qe  Stone  Bkidges. 

The  theoretical  principles  of  stone  bridges  contain 

the  mathematical  demonstrations  of  the  properties  of 


arches,  the  thickness  of  the  piers,  the  force  of  the 
water  against  them,  and  other  abstruse  but  necessary 
calculations.  This  branch  of  the  subject,  which  has 
exercised  the  talents  and  ingenuity  of  some  of  the 
greatest  mathematicians  in  modem  times,  is  not  suf- 
ficiently elementary  for  the  present  work ;  but  it  may 
be  interesting  to  give  a  short  abstract  of  Professor 
Moscley's  theory  of  the  arch,  chiefly  abridged  from 
Mr.  Wcalc's  beautifid  work,  already  referred  to, 
with  occasional  reffn '.' -  i  '  I'l  i'^iiijilishod  Pro- 
fessor's popular  wurk-,  1  i.ir;itions  of 
Mechanics,"  third  ed;:i  i  '.1  '•''•.  and  "Me- 
chanics applied  to  the  A  -,  '  t'ma  rj;  -m,  London, 
1847.  We  win,  however,  first  describe  the  various 
parts  of  an  arch. 

An  arch  may  be  defined  as  a  coUection  of  wedge- 
formed  bodies,  named  voiissoirs,  or  arch-slones,  v  v. 
Fig.  268,  the  first 
and  last  of  which 
are  sustained  by 
a  support  or  abut- 
ment, AB,  while 
the  intermediate 

taiued    in    their 

positions  by  their  miitual   pressures,   and   l)y  the 

adhesion  of   the  cement  interposed   between  their 
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•  that  i 


the 


c,  of  the  arch,  is  called  the 
/  T  :      ,1.  ii(n-  surface  of  the  arch,  sfhfs, 

is  (■::;,  I  11,  /  ',  /u.j,  and  sometimes  its  soffit;  but 
this  hitler  term  is  also  occasionally  restricted  "to  the 
under  sm-face  of  the  arch,  /;,  at  its  key-stone  or  crown. 
sffs  are  iXwJIanks  of  the  arch.  The  exterior  surface, 
e  Cd,  is  caUcd  its  f.iY/v/f/o.*,  or  hack.     The  jiohits  ss, 

the   spriini  ^        i      ';    '  '1    ':"V'  i:-:'.    ,•  •  ■,    tin- 

sjian,  and  thr  ,  !.■■         'i-  '-    ,    '  >  I  i !;  ■    i'  h. 

Such  a  ijtiucluic,  ur,  luJccJ,  ;iuy  struulurc,  Ij^iUt 
up  with  uncemeuted  stones,  may  fiJl,  either  by  the 
opening  of  some  of  the  joints,  cansing  the  stones  to 
(uni  on  the  edges  of  one  another  after  the  maimer  of 
a  hinge,  or  by  the  stones  slipping  upon  one  another. 

These  two  cases  are  represented  in  the  following 
figures.  In  Pig.  269,  an  arch  is  falling  by  the  turning 


of  its  voussoirs  at  the  crown  upon  the  upper  edges 
of  one  another,  and,  at  the  haunches,  upon  their  lower 
edges.  In  Pig.  270,  the  arch  falls  by  the  sliding  of 
the  arch-stones  near  the  abutment  downwards,  and 
by  the  sUding  of  those  near  the  crown  upwards.  The 
latter  case  is,  however,  of  rare  ocemTence ;  for  such  is 
tlie  friction  of  the  surfaces  of  the  stones  used  in  con- 
struction, that  their  slippiug  upon  one  another  is 
probably  unknown  in  practice  ;  yet,  until  within  the 
last  few  years,  the  slipping  of  the  voussoirs  upon  one 


another  was  onnsidered  to  involve  the  whole  question 
of  the  stability  of  the  arch. 
Let  a  structure,  m  n  l  K,  Kg.  271,  composed  of  a 
single  row  of  uneemented 
stones,  of  any  forms,  and 
placed    under    any  given 
circumstances  of  pressure, 
be  intersected  by  a  surface 
1,  2,  and  let  the  resiJtant 
a  A  of  all  the  forces  which 
act  upon  one  of  the  parts, 
^  mn21,  be  taken.     Then 
let  this  intersectingsurface 
I    change  its  form  and  posi- 
tion, so  as  to  coincide  in 
succession    with    all    the 
common  surfaces  of  con- 
i-ia'ra.  tact,  3  4,  5  G,  7  8,910,  of 

the  stones  which  compose  the  structure,  and  let  b  n, 
cc,  <?D,  cE,  be  the  resiJtants,  similarly  taken  with 
ak,  which   coiTospond   to  those   several  planes   of 


p      ■   .     :,  1 ';  I     "  I  .  ■  '■  ,  \\Q]:  within  the 

duced,  irHhoiit  it.  If  it  iiitcvscct  it  icithoitt  the  mass 
of  the  struotm-e,  then  the  u;Iiole  pressure  upon  one  of 
the  parts,  acting  in  the  dii-eetion  of  this  resultant, 
will  cause  that  part  to  turn  over  upon  the  edge  of  its 
common  surface  of  contact  with  the  other  part ;  if  it 
intersect  it  within  ihe  mass  of  the  structure,  it  will  not. 
Thus,  if  the  direction  of  the  residtant  of  the  forces 
acting  upon  the  part  M  N  1 2  had  been  a'  a',  not  inter- 
secting the  surface  of  contact  1  2  within  the  mass  of 
the  structure,  but  supposed  to  be  produced  beyond  it 
into  a  ;  then  the  whole  pressure  upon  this  part  acting 
in  «'a  woidd  have  caused  it  to  tm-n  upon  the  edge  2 
of  the  sm-face  of  contact  1 3.  So,  also,  if  the  resultant 
had  been  in  a"  a",  then  it  would  have  caused  the  mass 
to  revolve  upon  the  edge  1.  But  the  resultant  having 
the  direction  a  a,  the  mass  will  not  be  made  to  revolve 
on  either  edge  of  the  surface  of  contact  1  2. 

Thus,  the  condition  that  no  two  parts  of  the  mass 
should  be  made  by  the  insistent  pressm-es  to  turn 
over  upon  their  common  surfaces  of  contact,  is  in- 
volved in  this  other,  that  the  direction  of  the  resultant, 
taken  in  respect  to  every  position  of  the  intersecting 
sui-face,  shall  intersect  that  surface  actually  within 
the  mass  of  the  structm-e. 

If  the  intersecting  sm-face  be  imagined  to  take  up 
an  infmite  number  of  other  positions,  1  2,  3  4,  5  6, 
&c.,  and  the  intersections  with  it,  abc d,  &c.  of  the 
directions  of  all  the  corresponding  resultants  be  found, 
the  curve  line  abc  clef,  joining  these  points  of  inter- 
section, is  named  by  Professor  Moseley  the  line  of 
resistance.  This  line  can  be  completely  determined  by 
the  methods  of  analysis,  in  respect  to  a  strueluro  of 
nny  given  geometrical  fonn,  having  its  parts  in  contact 
by  surfaces  also  of  given  geometrical  forms.  And 
conversely,  the  form  of  this  line  being  assumed,  and 
the  dii-ection  which  it  shall  have  through  any  proposed 
stnictiu-e,  the  geometrical  form  of  that  structure  may 
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be  determined,  subject  to  these  conditions.  Or  lastly, 
certain  conditions  being  assumed,  both  as  it  regards 
the  form  of  the  structure  and  its  line  of  resistance,  all 
that  is  necessary  to  the  existence  of  these  assumed 
conditions  may  be  found.  Let  the  structure  a  b  u  d, 
Fig.  272,  have  for  its 
line  of  resistance  the 
line  p  Q.  Now,  it  is 
evident  that  if  this 
line  cut  the  surface 
M  N  of  any  section  of 


the  n 


HI 


t!,  without  the  s 

face  of  the  mass,  then 

the  resultant  of  the 

prcssiu-es  upon  the 

mass  c  M  N  will  cut  through  ?/,  and  cause  this  portion 

of  the  mass  to  revolve  about  the  nearest  point  n  of 

the  intersection  of  the  surface  of  section  mn  with  the 

surface  of  the  structm-e. 

It  is  therefore  a  condition  of  the  equilibrium,  that 
the  line  of  resistance  shall  intersect  the  common 
surface  of  contact  of  each  two  contiguous  portions  of 
the  structiu-e  aeluaDy  within  the  mass  of  the  strac- 
ture;  or,  iu  other  words,  that  it  shall  actually  go 
through  each  joint  of  the  structure,  avoiding  none : 
this  condition  bemg  necessary,  that  no  two  portions 
of  the  structure  may  revolve  on  the  edges  of  their 
common  sm-face  of  contact. 

Let  us  borrow  froar  the  same  competent  authority 
another  Ulustratiou  of  this  great  condition  of  the 
equilibrium  of  an  cdiflcc.  Let  the  extreme  stone, 
Fig.  273,  of  an  edifice  of  uneemented  stones  have 
impressed  upon  it  any  given 
force,  p.  In  addition  to  this  \__  "^  _  _ 
force,  the  stone  is  acted  upon  'rt^lZ 
by  gravity,  which  may  be  ^f^c 
supposed  to  be  collected  in  * 
its  centre  of  gravity.  The 
resultant  of  these  two  forces 
wiE  represent  the  whole  force 
by  which  the  fii-st  stone  is 
pressed  upon  the  second.     If  _ 

this  residtant  have  its  dii-ee-  Fio-  273 .  Fig.  274. 
tion  anywhere  within  the  edges  of  the  joint  or  surface 
of  contact  of  the  first  stone  -svith  the  second,  the  one 
will  rest  upon  the  other;  if  not,  it  will  turn  over 
upon  it.  The  second  stone  may  be  considered  to 
have  its  upper  sm-face  acted  upon  by  the  resultant 
force  just  spoken  of,  and  this  to  be  the  oidy  force 
pressuig  it  downwards,  besides  its  own  weight,  col- 
lected in  its  centre  of  gravity.  K,  then,  a  second 
resultant  be  taken,  being  that  of  two  forces,  of  which 
the  first  resultant  is  one,  and  the  weight  of  the  second 
stone  the  other,  then  tliis  second  resultant  will  be 
that  force  by  which  the  second  stone  may  be  supposed 
to  be  pressed  upon  the  third.  If  its  direction  lie 
within  the  edges  of  the  joint  of  the  second  and  third 
stones,  the  second  -will  rest  upon  the  tliird  ;  if  not, 
the  superstructure  will  tm-n  upon  the  third  stone. 
So,  also,  if  a  third  resultant  be  taken,  being  that  of 
two  forces,  of  which  one  is  the  second  resultant.  anJ 
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the  other  the  weight  of  the  third  stone,  then  this 
third  resultant  -n-ill  be  tliat  force  by  which  the  third 
stone  is  pressed  upon  the  fourth  ;  and  the  conditions 
of  the  equilibrium  of  this  third  stone  are,  that  this 
resultant  shall  have  its  direction  within  the  edges  of 
the  joint  of  tho  third  and  foiu-th  stones :  and  so  on 
of  the  rest.  If  we  now  suppose  that  the  intersections 
of  all  these  resultants  with  the  planes  of  the  joints  of 
the  successive  stones  are  found,  by  mathematical  in- 
vestigation, and  a  line  be  drawn  through  all  these 
points  of  intersection,  wc  get  the  line  of  resistance 
before  spoken  of.  If  this  line,  which  is  a  curve,  have  | 
its  direction  anywhere  beyond  the  joints  of  the  stones,  j 
the  edifice  will  bo  overthrown  at  such  joints;  but  if  ' 
the  ciu've  nowhere  lie  without  the  mass  of  the  edifice,  ' 
it  will  nowhere  be  overthrown  by  the  turning  of  its 

But  there  is  a  second  condition  necessary  to  the  j 
stability  of  the  structui-c.  Its  sm-faces  of  contact 
must  nowhere  slip  upon  one  another.  That  this  con- 
dition may  bo  satisfied,  the  resultant  corresponding 
to  each  surface  of  contact  must  have  its  direction 
within  certain  limits.  In  Fig.  271,  the  Kne  A  B  c  D  E, 
formed  at  the  points  of  the  consecutive  intersections 
of  the  resultants  «  a,  iB,  cc,  (/d,  &o.,  is  termed  the 
line  of  pressure.  Its  geometrical  form  may  be  deter- 
muied  under  the  same  cu-eumstances  as  that  of  the 
line  of  resistance.  A  straight  line,  c  c,  drawn  from 
the  point  c,  where  tho  line  of  resistance  abed  inter- 
sects any  joint  5  0  of  the  structure,  so  as  to  touch 
tlic  lini'  I'f  pnssiirc  AUCD,  will  determine  the  direc- 
ti:i;i  -ii  ilr  II  iii'iiil  pressure  upon  that  joint :  if 
It   :  ;       I     :■  ilcfined  by  Professor  Moseley  as 

n  1       '  I  :  1  ho  normal  to  the  common  surface 

nf  (  I'-:,.  I  ::;  I'.r  ,  liiif  of  intorsectiou  of  thc  resultant 
for  its  axis,  and  having  for  its  vertical  angle  twice 
that  whose  tangent  is  the  coefficient  of  friction  of  the 
surfaces,  the  stnietui-e  wiH  not  slip  upon  that  joint ;  if 
it  lie  without  it  it  will 

Th  !■;  tl  0  whole  thcoiy  of  the  equihbruim  of  any 

'tiuctme  IS  mvoh  cd  m  the  deteiramation  with  respect 

t    tl    t    f      (     c    f  tl        f    0  Imes  — the  Ime  ol  le 

1  I  e     the  former  deter 

t  the  lesultant  of  the 

I  1    es  of  contact  of  the 

I  ot  that  resultint 

1  1      '  '  1  II  tl  c  Ime  of  lesistiuee  la 

a  1  \i  c  b  1      tl  c  1  Ob  t  on  ai  d  migmtude   of  which 

uv,   be    1  tei    ine  I  ly  cou'^truetion      Resolve  the 

foice  r  Tx"  ''  3  -nhi  h  acts  upon  the  summit  ot  the 

piei   mto  two  o  her     one  ot  which  is  m  a  vertical 

anr  the  other  m  a  lorzontal  dueotion      Calculate 

tl  p  1      Ufa         •^  which  bemg  of  the  same  sub 

tl  chness  as  the  pier  shall  have 

eitical  force  of  tnese  two  and 

1  Cdculite  lu  hie  manner  the 

1  1 1  shall  equal  the  hou 

It  1  IcAS      (Tledottel 


1  keE 


11  ol  tl  e  piei  and  s( 
I  w  the  vertical  c 
I    ilola  aid  tlc\cif 


c  E  X  will  be  its  asymptote.  Kow,  the  curve  of  a 
hyperbola  always  approaches,  but  never  touches,  its 
asymptote.  The  ciutc  of  resistance  always,  then, 
approaches,  but  never  touches,  the  line  c  x ;  and  if 
this  line  lie,  as  in  the  figure,  within  the  mass  of  the 
sphere,  then  the  line  of  resistance,  never  passing  the 
line  ex,  can  never  cut  the  outward  surface  of  the 
pier ;  and,  however  taU  it  may  be,  the  pier  can  never 
be  overthrown  by  the  action  of  this  force.  It  is  also 
a  remarkable  feature  of  the  theory,  that  the  pier  will 
bear  this  insistent  pressure  p  wherever  in  a  g  it  is  ap- 
plied parallel  to  its  present  dii-ection ;  the  position  of 
the  centre  of  the  hyperbola,  c,  not  being  changed  by 
any  alteration  in  the  point  of  appKcation  of  that 
pressui-e,  but  only  in  its  magnitude. 

Professor  Moseley  abo  gives  the  following  method 
for  determining  the  greatest  height  to  which  a  pier 
can  be  bmlt,  so  as  to  sustain  a  given  pressure  upon 
its  summit.  If  a  b,  Fig.  273,  be  greater  than  half  the 
width  of  the  pier,  or  if  g  lie  beyond  b,  then  there  will 
be  some  point  in  the  outward  surface  or  extrados  of 
the  pier  where  the  line  of  resistance  will  cut  it ;  and 
there  will  therefore  be  a  certain  height  beyond  which 
thc  pier  cannot  be  carried  without  being  overthrown. 
This  height  is  thus  determined.  Let  p.  Fig.  274,  be 
the  point  where  the  insistent  pressure  intersects  the 
summit  of  the  pier,  and  let  a  s,  and  a  t,  and  e  g  be 
taken  as  before ;  join  u  g,  and  through  p  draw  p  z, 
parallel  to  r  G.  z  will  be  the  point  where  the  line  of 
resistance  cuts  thc  extrados,  and  will  indicate  the 
greatest  height  to  which  the  pier  can  be  carried 
without  being  overthrown ;  or,  if  it  can  be  carried 
higher,  then  is  this  the  point  to  which  an  incliued 
buttress  should  be  biult  to  support  it. 

The  details  which  have  been  given  will  enable  the 
reader  to  form  a  general  idea  of  the  applicatiou  of  the 
theory  of  the  line  of  resistance  to  the  conditions  of 
the  equilibrium  of  the  arch.  It  is  a  general  condition 
that  this  line  KQA(i'n.,Fig  275  (which  represents 
an    arch    havmg  ^ 

the  jomts  of  its  ^ 

dicular  to  the  m 
tiados     as    they 
aie  us  tally  made)   5 
touches  the  mti  a 
dos  or  timer  sur  « 
face  of  the  arch  f  g  2  s 

on  both  sides  at  its  hattncl  es  q  q  and  the  extrados 
at  the  Clown  in  a  and  that  afterwaids  at  lower 
points  it  cuts  the  extrados  or  outer  smface  of  the 
aichatRR  If  some  resistance  of  an  butment  or 
pier  be  not  opposed  at  this  last  pomt  to  the  piessure 
the  whole  of  -nhich  acts  there  the  arch  will  1  e  over 
till  own  If  it  be  supported  there  by  a  pici  the  hne 
of  icsistance  passes  into  the  pier  and  assumes  a  new 
character  and  drrection  tl  t  1  t  n  1  a^  ng  a 
general  tendency  towards  tl     1  I  co 

ot  thc  pier     If  by  reason    1  11 

height  of  the  pier  the  lu  c  t 

anywheie  leach  tlie  back  0 
ts  1  ase  the  pier  wiU  stau 


tho  height  be 


so  great  as  to  cause  the  line  of  resistance  to  cut  tlie 
back  of  tlie  pier  at  some  point  above  its  base,  then 
the  pier  will  be  overthromi,  and  tlie  arch  will  fall. 
When  the  arch  falls,  the  line  of  resistance  is  made  to 
cut  the  intrados  at  the  points  in  the  haunches,  qq\ 
where  before  it  touched  it.  Hence,  these  points  are 
called  the  points  of  rupture.  The  line  of  resistance 
thus  cutting  the  intrados  of  the  arch  at  these  points, 
the  direction  of  the  whole  pressure  is  made,  at  these 
points,  to  act  beyond  the  joints  of  tlie  stones  tlicre, 
so  that  it  causes  the  stones  to  tmn  v.\«.\\  ihi  ;r  l<.\vrr 
edges,  and  to  open  at  their  u|i|"  ;   ,.  ,  1.,    Mrs 

touching  the  intrados  at  the  hjn  '    r 

general  characterisfic  of  the  line  ni  n  hmrr,  m  ihc 
state  of  the  equilibrium  of  the  arch,  that  it  touches 
the  extrados  over  the  crown,  at  a,  and  that  when  the 
arch  is  falling,  it  is  made  to  cut  the  extrados  there  : 
3,  there  also,  acting  beyond  the 
joints  of  the 
stones,  causes 
them     to     turn. 


3  that  the  pri 


but. 


on  their  superior, 
instead  of  their 
inferior,  edges. 
The  ai'ch  then 
opens  at  the 
crowu.  A,  at  its 
•parating  itself  into  four 
This  is  precisely  what 
.s  been  observed  to  be  the  process  of  the  fall  of  the 
arch  in  experiments  made  for  the  purpose.  M. 
Gauthey  having  occasion  to  destroy  a  bridge,  caused 
one  of  its  arches  to  be  isolated  from  the  rest ;  and 
the  adhesion  of  the  cement  being  sufficient  to  counter- 
act the  tendency  of  the  pressure  to  rupture  the  piers, 
he  caused  them  to  be  cut  across.  The  whole  then  at 
once  fell,  the  fidling  portion  separating  itself  into  four 
parts.  Having  constructed  small  arches  of  soft  stone, 
and  without  cement,  he  loaded  them  until  they  fell. 
Their  fall  was  always  observed  to  be  attended  with 
tlic  same  circumstances.  Before  the  arch  linaUy 
yielded,  the  stone  was  observed  to  chip  at  the  in- 
trados, about  tlic  points  qq',  round  which  the  upper 
portions  of  it  linally  revolved. 

Professor  Robisou  also  relates  some  similar  cir- 
cumstances connect  ed  with  the  failure  of  a  considerable 
arch.  It  had  been  built  of  an  exceedingly  soft  and 
friable  stone,  and  the  arch-stones  were  too  short. 
About  a  fortnight  before  it  fell,  chips  were  observed 
to  be  dropping  oif  from  1',r  jr,;  ;t;  ,1'  Mir  ;irrli-:t.-iiir;, 
.ibout  ten  feet  on  each  >;!  •  ■' ■  I"  '  '  'i 
auother  place  on  one  >  ,  - 

feet  from  its  middle.     '11  .■  ihmm    m  I'lr   -    _< 
hood   prognosticated   its  speedy  downfall,  , 
it  would  separate  in  those  places  where  tl:.    , 
were  breaking  off.   At  length  it  fell ;  but  ii  i: 
;n  the  middle,  and  about  fifteen  or  sixteen  tu.i     u 
each   side,   and   also  at   the  very  springing   of   the 
arch.     Immediately  before   the  fall,   a  shivering  or 
crackling  noise  was  heard,  and  a  great  many  chips 
dropped  down  from  the   midiUc,  between   the   two 
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places  from  whence  they  had  dropped  a  fortnight 
before.  The  jomts  opened  above  at  those  new  )ilaceE 
more  than  two  inches,  and  in  the  middle  of  the  arch 
the  joints  opened  below,  and  in  about  five  minutes 
after  this,  the  whole  came  down.  Even  this  movement 
was  plainly  distinguishable  into  two  parts.  The  crown 
sunk  a  little,  and  the  haunches  rose  very  sensibly,  and 
in  this  state  it  hung  for  about  half  a  minute.  The 
arch-stones  of  the  crown  were  hanging  by  their  upper 
comers;   when  these  splintered  off,  the  whole  fell 

Professor  Robison  caused  models  of  arches  to  be 
made  in  chalk,  and  loaded  them  at  the  crown  until 
the  lino  of  pressure  cut  the  extrados,  and  they  fell. 
The  material  of  the  arch  would  of  coitrse  be  most 
likely  to  yield  at  those  points  where  the  line  of  resist- 
ance most  nearly  approaches  the  intrados ;  and  in 
these  experiments  the  chalk  was  observed  to  chip  and 
fall  off  there  before  the  final  rupture.  Having  loaded 
his  arches  at  the  crown  until  they  fell,  he  observed, 
however,  that  the  points  where  the  material  began  to 
yield  were  not  precisely  those  where  the  rupture 
finally  took  place.  This  would  necessarily  be  tlie  case  ; 
for  any  variation  in  the  least  force  which  would  support 
the  semi-arch,  if  applied  at  its  crown,  ^vould  cause  a 
corresponding  change  in  the  pn-ii  I.  II  ni  iM  |„,iM|sQ 
and  q\  Fig.  275.  Now,  as  the  I- J.,  ; -  i,  in- 
creased, this  force  is  also  inereii-.u,  e,   i,    till  is 

a  variation  in  the  form  of  the  line  of  pressure,  tending 
to  carry  its  point  of  contact  with  the  intrados  lower 
down  upon  the  arch.  Accorilingly,  it  was  observed 
that  the  arch  began  to  chip  at. a  point  about  half-way 
between  the  crown  and  the  point  where  the  rupture 
finally  took  place. 

It  will  be  seen  by  a  reference  to  Fig.  275,  that 
above  the  points  q  and  q"  the  direction  of  the  line  of 
resistance  is  such  as  to  indicate  a  direction  of  the 
pressure  which  woidd  produce  in  the  arch-stones  a 
tendency  to  slide  downwards  upon  one  another,  while 
below  that  point  the  tendency  is  to  slide  upwards. 
Hence,  it  might  be  expected  that  when  the  ceiitre,  or 
wooden  frame,  used  for  supporting  the  arch-stones 
during  the  erection,  was  removed,  the  motion  of  the 
arch-stones'  would  be  slightly  downwards,  in  reference 
to  those  voussoirs  which  are  above  the  points  cj  and 
Q ,  and  upwards  in  reference  to  those  which  are  below 
those  points.  This  motion  of  the  voussoirs  among 
themselves,  on  the  removal  of  the  centre,  produces 
what  is  called  the  settlement  of  the  arch,  and  this 
settlement  is  observed  to  take  place  precisely  under 
tlie  eirr'im-tniiees  above  described.  At  the  bridge  of 
'v  -      e,  l)efore  removing  the  centre  of  the 

,  ;  ■  lilted  three  lines  to  be  cut  upon  tlic 

I  I  -i  i\  ill--.  Til)  one  horizontally,  immediately 
\  •  i  'le  erown,andthe  other  two  lying  obliquely  from 
i  .1 1  emities  of  this  on  either  side,  towards  the 

_iiig  of  thearch.  After  the  striking  of  the  centre, 
1  lie  r  lines  were  obsciwcd  greatly  to  have  altered  their 


203  BR! 

forms,  lud  cxa\  tin  u  rehtn»  j  ositions  on  tlio  fice  of 
the  aicli  ill  of  tliem  hid,  from  stnight  lmc<!, 
become  curves  The  lioi  izontol  line  had  sunk  thi  ongli 
out   its  whole  length,  its   greatest  deflexion  bemg 


immcdi it ely  above  the  key,  thus  mdicatmg  a  down 
waid  motion  m  ill  the  voussous  on -nluch  this  line 
wis  tiiccd  llie  oblique  lines,  too,  hid  on  either 
side  dcHeclcd  fiom  their  fust  pobitiou  towaids  the 
mtndos  of  the  aich,  oi  downwaids,  up  to  ceitam 
points,  coriespoudmg  to  Q  and  q'  ,  beneath  these 
points  the  deflexion  -ms  fiom  the  intiados  of  the 
aich,  or  upwaids  Thus,  among  the  voussous  on 
whicli  the  oblique  bnes  weie  cut,  theie  was  shown  to 
be  a  downwaid  motion,  in  icspcct  to  th  s(  lji\c  the 
points   conespondmg  to  q     i  '  '  d 

motion  m  lespcet  to  those  bi  i  I  U 
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Vu  haunches  as 

nM\lidici  it«illlL(.uitlii  Aui  scffLetnaUyasby 
the  too  gic  t  height  oi  lusufBeicut  -n eight  of  its 
picis  in  icspeit  to  the  load  it  beais  on  its  crown 
An  cvccsMvc  load  on  its  haunches  may  entuely  altei 
the  line  of  icsistance,  so  as  to  flatten  it  at  the  top, 
and  gne  it  two  elbows  on  cithei  side  of  the  ciown, 
causing  it  to  cut  the  mtiados  instead  of  the  extiados 
at  the  crown,  and  the  extiados  at  two  points  a 
shoit  distance  on  either  side  of  the  ciown,  the 
points  -nheie  it  touches  the  mtiados  being  by  tbs 
pioccss  thlo^^n  much  lower  down  upon  the  aich 
Ihe  aich  ^^dl  in  this  case  fad  by  the  iismg  of  its 
cio\\n  iiid  the  f  Uing  lu  of  its  sides  The  gicit  iit 
of  aich  building  consists  in  so  loading  the  aich  as  to 
secuie  it  against  cithei  of  these  contingenciLs 


feir 


,  in- 
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;  Tractice   01    Bridge 


Tile  piactice  of  budge  budding  loqniies  a  large 
amount  of  knowledge  on  the  part  of  the  engmeer  or 
bndge  aichitect,  and  has  icfeienee  to  tlie  situation, 

th,  ,/  //  uiHIu  ,d  n  J  of  tliL  bndge,  which  of 
t  iiiecs     The 

I  IS,  Wz. piers 

(he  ipandreh 

aK  1  sill  i(ct  t  )  R  it  ^  I  iti  11,  icr  iidmg  to  the  taste 
and  skill  of  the  architect,  and  the  means  at  his 
disposal 

1  The  sitiiat  on  of  a  budge  must  be  detemimcd 
by  local  circumstances,  as  lU  a  town  by  sticets  and  in 


the  countiy  by  the  adjacent  roads.  In  laying  out  a 
new  line  of  load  thi-ough  a  country,  choice  may  often 
be  made  of  the  points  for  crossing  rivers,  and  as  a 
bridge  must  always  be  a  very  costly  portion  of  the 
road,  it  m  ly  be  expedient  to  go  out  of  the  direct  line 
to  places  at  which  crossings  may  be  most  conveniently 
effLf  ted  In  general,  the  best  point  upon  a  river  for  a 
biuUe,  IS  w  hcie  the  stream  is  nan-owest,  and  where  the 
b  inks  are  raised  sufficiently  to  form  natural  approaches, 
and  aie  sobd  enough  to  foiin  natural  abutments. 
There  may,  however,  be  exceptions  to  this.  "  Where 
a  iivei  IS  nauowest  it  is  deepest  and  most  rapid,  and 
■nheie  the  banks  are  high  and  consistent  enough  to 
foiin  appioaches  and  abutments  to  a  bridge,  the  water 
will  use  higher  m  floods  than  at  any  point  lower  down, 
where  it  may  have  more  room  laterally.  UiJess,  there- 
foie,  theciossmgcan  be  effected  in  one  span,  reach  or 
bay,  so  as  to  avoid  a  pier  or  piers,  it  may  be  less  ex- 
pensive, and  more  certain  to  buUd  a  longer  bridge 
ovei  a  widei  pait,  and  to  form  artlQeial  approaches 
and  abutments,  than  to  construct  a  sufficient  and  per- 
fect bridge  where  nature  has  provided  lioth  approaches 
and  abutments,  and  where  the  traject  is  sliortcr.  It 
does  not  often  occur  moreover,  that  both  banks  of  a 
ii\er  aie  high  m  the  same  place;  and  again,  where 
one  bank  of  a  uver  is  elevated  or  cKiT-like  and  of  good 
consistence,  it  is  very  likely  to  have  been  the  means 
of  reflecting  or  thi'owing  the  water  off  to  act  upon  the 
opposite  b  ink,  and  so  have  itself  become  the  head  of 
a  leach,  oi  the  concave  face  of  a  bend,  where  the 
stream  is  very  generally  widest.  When  eireurastances 
admit  of  a  budge  over  a  river  being  in  one  span  or 
reach,  oi  of  one  bay,  it  is  comparatively  unimportant 
whethei  it  be  placed  upon  a  bend  of  the  river  or  not, 
if  it  be  so  contiived  as  to  give  sufficient  head- way  for 
craft  where  the  channel  is,  or,  in  other  words,  where 
the  water  is  deepest,  which  in  a  bend  is  most  fre- 
quently on  the  concave  side.  Wlien  piers  in  the  water 
way  are  deteimmed  to  be  necessary  for  an  iutended 
bridge,  the  site  should  be  chosen  where  the  course  of 
the  inei  is  stiaight,  so  that  the  bridge  may  be  placed 
at  light  angles  to  the  thread  of  the  stream,  and  that 
the  pieis  may  thereby  intercept  and  divide  the  water 
m  the  least  objectionable  manner.  In  a  running  river, 
the  longest  pait  of  a  straight  reach  may  be  left  above 
the  bridge  with  advantage,  whilst  in  a  tidal  river  the 
bridge  should  be  placed  in  such  a  manner  as  to  give 
the  stieam  at  both  ebb  and  flow  all  the  advantage  that 
cm  be  obtamed  from  the  piers  lying  in  the  direction 
of  the  cuireuts ,  and  where,  as  it  must  be  in  most 
cases,  the  down  stream  is  the  strongest,  and  the  ebb 
of  longer  duration,  the  proportion  of  the  reach  above 
and  bclo^^  a  bridge  should  be  determined  accordingly."' 
2  T/ie  design  When  the  situation  of  a  bridge  has 
been  dLtermmed,  a  careful  survey  must  be  made  of 
it,  and  a  plan  be  laid  down  of  the  channels  and  ad- 
jacent banks,  and  of  the  streets  and  roads  to  be 
connected  at  each  end  of  the  bridge.  The  plan  should 
present  an  outhne  or  representation  upon  a  horizontal 

(I)  Profe'ssor  Hosking's  Essays  and  Treatises  on  the  Practice 


seotion  of  lines  raised  yertically  from  every  poiut 
of  the  surface  of  tlic  ground.  A  plan  of  the  site, 
IS  from  A  to  B,  Fig  27S,  laid  do-mi  from  measure- 
ments made  alonj'  the  bcuduig  Imo  of  the  suif.ice. 
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would  give  a  much  greater  length  than  a  plan  upon  a 
horizontal  section  of  lines  raised  vertically  from  the 
6mf.icc  of  the  ground  to  the  straight  horizontal  line 
A.  B.  Such  a  section  must  show  the  irregularities  of 
the  ground,  the  various  substances  of  which  the 
ground  is  composed,  and  the  thickness  vertically  of 
each  substance  as  far  as  it  is  necessary  to  aseeitain 
it;  that  is,  until  a  proper  substance  upon  which  to 
work  has  been  found.  This  may  be  obtained  by 
boring.  In  addition  to  the  transverse  section  of  the 
river,  which  is  the  direction  to  give  the  lougitudiual 
elevation  of  the  proposed  bridge  and  its  approaches, 
a  longitudmal  si'ction  of  the  river  transversely  of  the 
bridge  must  be  taken  to  show  the  declivity  of  its  bed, 
and  to  exhibit  any  ujisound  strata  that  may  lie  near 
the  proposed  site.  Upon  both  sections  of  the  river, 
the  ordinary  depth  of  water  in  it,  the  highest  level  it 
ever  attains,  and  the  lowest  to  which  it  faUs,  should 
be  ascertained  and  recorded,  as  also  the  velocity  of 
the  stream  and  the  quantity  of  water  passing  down 
the  ri\  er  at  all  times  and  seasons  of  the  year. 

3.  The  materials  of  which  bridges  are  constructed 
are  various,  such  as  timber,  the  art  of  combining 
which  is  knovvai  as  CAnrENTEY ;  stone,  the  working 
and  setting  of  wliicli  is  called  Masonky  ;  brick,  the 
composition  of  which  is  termed  hrich-irork ;  iron, 
which  is  prepared  by  the  founder,  and  fixed  and  fitted 
by  the  smith,  and  known  as  iron-irork.  "  Alfliough 
a  bridge  may  be  built  ;i1ii,m  t  inii;.;;,-  if  ii;,''  ;,  ;; , 
iidecd  bridges  are  oft'  :   '■    '  —  ! 

smith's  work  in  the  fnrii    '        .       :        i      ,,    , 

bolts,  nuts,  washers,  :>;'!'.'■  :••!■]  .  l!.  ■■■  n  '.'  .  \:'..'a'\  :',:' 
carpenter  finds  essential  to  the,  proper  and  cllicicut 
combination  of  his  principal  material ; — the  best 
timber  bridges  are  those  ii 
ness   of    pressure,   witli 

or  brick-work ;  and  iu  1  '  -  '    "  ■  I  m 

iron-bridge,  may  be  smiI  i  i  i  i  i.  ■;  ■;  ,  ■  .  i  .lul 
abutments,  or  other  ji      '     >  :  '   '      nf 

masom-y,  or  of  a  civ.iji^  ,  ■     ■!  ■  '    ,  i  m:! 

brick-work.   Bridges  ii:-   i      '         !  -t 

efficiently  so,  of  brick -M  .'■.'.-  i    u  k- 

bridge  may  be  durable  :     I  '     :  '     i\s 

necessary,  and  it  is  alw        '  i  ilm 

mce  exposed  parts  ^li-  '■{  I'  «i  -  ..■,  M  ,--iirv 
may  stand  alone  in  the  eoiiiposiiKJii  ol  a  lirii'iLjc,  but 
neither  brick-work  nor  masonry  alone,  nor  the  two  in 
combination,  can  be  made  to  effect  such  objects  as 
may  be  attained  by  the  aid  of  the  iron  founder  and 
smith,  and  indeed,  of  the  carpenter  'vith  his  timber." 


But  the  chief  material  of  a  bridge  must  be  deter- 
mined by  local  cuciunstances,  as  one  place  may 
fui-nish  one  kind  of  nnteml  aul  not  othti  ,  but 
tind)er   n  ust   ncveitheless  b  i  1 

\  auously  ipplicd,  not  oulv 
tcual,  but  as  an  auAibaiy  m 

\Mlh  other  materials     let  ul     I  i       i        u     1 

in  bridge-buildmg,  tuubei  is  the  must  i  lu  L  illi  d 
though  modem  sci^-nce  his  contrived  methods  ut  pi  3 
tectiiig  it  firm  n  i  wf  the  (  lusts  cf  d  cv  Iioa 
asabiuU    1  1     Uc 

strncttd  .1  I     i  II        1    I     ^  ti 

no  other  i\  iJiLk  n  itunl  It  is  hjvvL\ci  „iertly 
affected  by  change  of  tempeiature,  and  is  hence  un 
stable  in  fiainmg  It  is  also  injuiious  to  the  inateml 
wluch  it  thiusts  against  oi  is  connected  -nith,  and  it 
wastes  away  by  oxidation  and  other  chemical  processes. 
As  an  auxiliary  in  bridge-building  iron  is  second  only 
to  timber,  and  both  iron  and  timber  are  necessary  in 
bridge-building,  although  neither  may  enter  into  the 
composition  of  a  structure.  Stone,  however,  is  pre- 
eminently the  material  for  bridges,  whether  we  regard 
its  grandeur  of  effect,  its  power  of  resistance  and 
endurance,  its  imyielding  nature,  its  massiveness,  its 
capabUity  of  being  cut  or  wrought  to  any  form,  size 
or  figure,  and  its  ictcntivcnrss  of  tlio  form  given  to 
it ;  it  has  scarcely  n  i  i '  l'  .  ;,  change  in  bulk 
from  changes  in  ti  n,  ,   ,        I,  inaccessible  to 

moisture.     Its  pi  m  '      ieity  prevents 

it  being  disturbed  li  t  i  :.,.,  i.iil  licing  readily 
frangible,  it  can  only  be  used  and  applied  where  it 
shall  not  be  subjected  to  transverse  strains.  Hence 
unfit  for  beams  or  for  bearing  ai 


h  solidity  and  c 

of    ■ 


nnd 


and  for 
froi 


the  n 


.l.le   I. 


■  par 


■    r.]  fnmgibility  of 

II  IS  previously  arranged, 
a  much  greater  weight 
lie  space  in  the  form  of 
arranged  require 
r  a  loading  of  the 
to  the  level 
iptibility  of  being 


a  substitute  for 


.butments  and  haunches  not  n 
bearing  across,  and  which  a  susci 
framed  would  have  obviated. 

Brick  must  be  regarded  only  a 
stone,  where  stone  cannot  be  obtained.  Brick  re- 
sembles stone  in  being  practically  incompressible  and 
inflexible,  but  being  prepared  in  small,  regular  !ind 
equal  forms,  it  must  be  combined  with  cement  or 
mortar,  which,  from  its  nature  and  mode  cf  prepar 
ation,  is  yielding  and  liable  to  change  until  it  has  set 
and  become  perfectly  dry.  An  arch  turned  with  un- 
cut bricks  depends  entirely  on  the  mortar  with  which 
the  bricks  are  packed,  and  is  hence  liable  to  change 
its  form  and  become  insecure  while  the  mortar  re- 
mauis  incompressible  or  less  hard  and  unyielding  than 
the  substance  of  the  brick.  It  is,  however,  not  un- 
common to  strike  the  centering  of  brick  arches  before 
the  mortar  is  properly  set,  m  order,  as  is  supposed, 
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to  allow  the  mrdcrials  to  settle  aud  consolidate  by 
mutual  pressui-e.  Tliis  practice  has  probably  led  to 
the  destraction  of  many  of  the  large  brick  arches 
recently  constructed  on  some  lines  of  railway.  A 
combination  of  brick  and  stone  produces  excellent 
results  in  bridges,  the  stone  being  introduced  in  chains 
and  strings  to  assbt  in  binding  the  brick-work,  and 
in  springing,  blocking  and  coping  courses  and  upon 
salient  and  exposed  parts  generally,  aud  to  receive 
and  distribute  pressure  where  it  is  greatest. 

It  may  be  stated  as  a  general  rule,  that  wherever 
the  object  to  be  attained  in  the  use  of  a  bridge  can 
be  effected  by  timber,  the  same  end  may  be  answered 
better  and  more  effectually,  both  for  use  and  durability 
witli  iron ;  and  where  the  object  proposed  in  the  use 
of  a  bridge  can  be  attained  by  the  use  of  brick,  the 
same  thing  can  be  done  more  effectually  with  stone ; 
wliile  iron  and  stone  can  often  be  appKed  where  timber 
or  brick  could  not  be  used.  Probably  in  all  cases 
where  there  is  a  choice  between  iron  and  stone,  the 
latter  will  deserve  the  preference;  but  the  art  of 
constructing  a  bridge  in  the  readiest,  cheapest  and 
simplest  form  will  greatly  depend  on  the  facUity  of 
procuring  materials.  Bridges,  Uke  roads,  canals  and 
other  means  of  transit,  arc  often  necessary  to  give 
value  to  the  products  of  industry,  aud  must  be  adapted 

new  colony,  for  example,  to  supply  the  want  with 
the  smaDest  expenditure  of  labour. 

"We  come  now  to  notice  the  practice  of  bridge 
building  chiefly  with  reference  to  stone  bridges,  taking 
tlic  several  parts  of  the  bridge  in  the  order  enumerated 
at  the  head  of  tins  section. 

1.  The  foundalions  of  a  bridge  consist  of  the  under- 
ground work  of  the  piers  and  abutments,  and  these 
require  to  be  constructed  witli  the  utmost  care  in 
order  to  produce  firm  aud  solid  bases  whereon  to 
carry  up  to  any  required  height  the  various  pedestals 
of  support  for  the  arches  of  the  bridge.  Alberti's 
distinction  between  the  structure  above-ground  and 
the  foundations  of  any  building  is  appKcable  to 
bridges.  He  considered  the  foundation,  not  as  a  part 
of  the  striictui-e  itself,  but  as  an  artificial  support  on 
which  the  latter  is  to  be  placed;  and  remarks,  that  if 
the  natiu-al  site  of  a  buUdmg  consisted  of  rock  or 
other  stratum  equally  hard  with  the  material  of  which 
foundations  are  constructed,  these  would  be  un- 
necessary, and  the  buUdiug  might  be  commenced  and 
carried  up  without  previous  preparation  of  the  bottom. 
Gauthey  also  remarks  that  the  solidity  of  a  bridge 
depends  ahnost  entirely  on  the  manner  in  which  its 
foundations  are  laid.  "When  these  are  once  properly 
arranged,  the  upper  part  may  be  erected  either  with 
simplicity  or  elegance,  without  impairing  in  any  degree 
the  durability  of  the  structure.  Experience  has  proved 
that  many  bridges  either  decay  or  are  swept  away  bv 
sudden  floods,  by  reason  of  the  defective  mode  of 
fixing  thcii-  foundations,  while  very  few  suffer  from 
an  unskilful  construction  of  the  piers  and  arelics. 

In  constructing  the  foundation  of  bridges  which  are 
to  pass  over  roads  or  railways,  the  absence  of  water 
removes  the  greater  part  of  the  difficulty  wliich  is  : 


with  in  spanning  a  wide  and  rapid  stream  ;  for  if  the 
bottom  be  unsound,  the  stabihty  of  the  work  may  be 
ensured  by  driving  pUcs,  or  by  using  concrete.  In 
crossing  narrow  streams,  the  abutments  may  often  be 
founded  on  dry  land,  or  the  course  of  the  river  may 
be  turned  and  the  piers  eonsti-ucted  in  the  dry  bed ; 
but  where  none  of  these  facilities  are  afforded,  the 
bridge  architect  or  engineer  will  have  to  contend 
against  all  the  difficulties  of  operating  in  the  midst 
of  water. 

In  the  ancient  practice  of  bridge  biiilding,  two 
methods  were  adopted  for  constnieting  the  founda- 
tions. Por  shallow  rivers  stones  were  sunk  to  the 
bottom  in  strong  baskets  made  of  the  pliable  boughs 
or  branches  of  trees;  when  this  rude  basket  or  caisson 
was  sunk,  stones  were  added  until  they  were  piled  up 
to  within  a  foot  or  16  inches  of  the  lowest  water 
sui-face.  In  later  times  this  plan  was  improved  upon 
by  forming  wooden  chests  strongly  hooped  with  iron, 
and  constructing  in  them  above-ground  masses  of 
masonry,  which  were  sunk  into  the  bed  of  the  river. 
This  method  was  practised  by  Labelye  in  the  con- 
struction of  Westminster,  and  by  Mylne  in  the 
construction  of  Blackfriars  bridges. 

According  to  the  second  ancient  method  where 
strong  currents  existed,  and  it  was  necessary  to 
construct  the  piers  on  dry  ground,  the  plan  adopted 
was  to  form  the  piers  at  some  convenient  distance 
from  the  river,  in  a  range  with  the  general  direction 
of  the  stream,  and  at  right  angles  with  some  good 
and  direct  approach  previously  selected,  leading  to 
and  over  the  bridge,  and  when  the  bridge  was  com- 
pleted to  tm-n  the  course  of  the  river  by  a  new 
ehannel  through  the  water  way  of  the  bridge.  In 
Fig.  279  we  have  the  plan  of  a  bridge  to  be  built  in 
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a  neck  of  land  formed  by  a  bend  of  the  river,  which 
must  afterwards  be  diverted  from  its  course  in  the 
direction  of  the  dotted  Ime  a  b,  and  the  roadway  can 
be  readily  embaidvcd  across  the  old  channel,  which 
will  be  laid  dry.  Even  where  the  course  of  the  river 
is  nearly  straight,  the  difficulties  and  expense  of  con- 
structing the  piers  in  the  water  may  be  sogi'eat  as  to 
waiTant  the  engineer  in  slightly  tuniing  the  river  as 
in  Fig.  2S0.  which  shows  tlie  appearance  of  the 
diversion,  the  bridge  having  been  buUt  on  dry  land  on 
one  side  of  the  old  channel,  thus  affording  the  advan- 


In  the  old  budjjes  if  the  liottom  prD\t,d  unsound 
piles,  3  or  4  feet  apait  were  driven  down  over  the 
site  of  the  proposed  piois  and  instead  of  cuttmg  off 
tlie  pde  heads  e-\eiily  and  planking  them  over  with 
timber,  as  is  now  done  it  wis  custom  uy  to  fiU  m 
between  them  with  a  species  ot  coaise  concietc' 
which  being  brought  to  a  level  siiifacc  foimed  the 
bed  on  which  the  first  course  of  stone  was  phecd 
Another  ancitnt  method  of  usmg  piles  foi  bmldiug 
111  watci,  and  still  used  by  the  Fiencli,  who  call  it 
e    aissemeit  consisted  m  dmmg  m  m  ra  p  Ics  with 


>vithv 


n  11  c  1 


it  1,11  I  b  t  f  ici  t  I  diM  illl  stoiicbi  tl 
m  until  a  suihtiLnt  fuuuddtioii  is  iuimcd  leaclaug  tu 
the  level  of  the  watei  After  being  aUowtd  some 
time  to  settle,  the  diessed  masomy  is  hid  m  courses 
iqon  the  foundations  thus  formed  A  design  by 
Mr  Scrapie  wJl  dlusti  ate  this  mode  In  a  uver  6 
I  cot  deep  he  proposed  to  drne  shectmg  pdes  about 
10  feet  m  length,  to  a  depth  of  4  feet  m  the  ground 

ill  round  the  site  of  each  pici   and  to  fill  the  space  or 
flei  tl  us  foimed  with  a  bed  of  concrete  0  feet  in 

V\  th  The  top  of  the  eonoiete  bemg  level  with  the 
smfaco  of  suiumei  low  water  mark,  the  masomy  was 
t  be  coi  n  eneed  theicfiom  and  earned  up  to  spruig 
iiig  1      1 1  cleai  of  the  water 

W\   H  iphes   reimiks   that  "  on  cxamimng   the 
f   mhtnns  of  old  bridges  jaiticil  ilviitlibC  uitn 
they  aie  all  found  to  be  extic  i 
piers  were  even  carried  up  ab 
qmte  incommensurate  with  tl 
On  mspeetmg  the  masomy  of  tl 
evr,  it  ij  found  that  no  very  gic  it  ittei  til      1      i 
paid  to  the  icgularity  of  courses  oi  to  the  pcrteetion 
of  beds  and  jomts    Some  of  the  strongest  specimens 


a  pigeon  s  egg    and  was  alto 

tl  an  that  used  at  the  present 

f  1  fl  1  11  L  1  ctwcen  ancient 
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of  ancient  masonry  existing  in  this  country,  consist 
of  a  kind  of  budding  little  supeiior  to  rubble  w  lUing, 
with  this  most  impoilant  qualification  th  it  the  raoit  ir 
IS  alwajs  of  an  excellent  descnption,  and  m  most 
cases  by  no  means  mfeuor  m  hardness  and  cohesne 
ness  to  the  stone  itself  '  The  mortal  usually  contained 
a  gie  it  numbei  of  small  stones  or  pebbles,  some  of 
them  equal  in 
gether  much  c 
day      An  tl    i 

form  tl  1      i' ' 

of  cul\i  111  1  t    iches  w  th 

mtervemug  pius  ottm  ol  oitUei  thickness  than  the 
span  of  the  arches  they  were  built  to  support "  The 
weight  of  such  a  biid"-p  distnbutcd  ovci  a  ^rcat  many 
pomts        II  I  I       b  1  udt  in 

the  ol  1  1  t       11 

poittl  I  1    tl     r 

buig     11  ul   tititrd 

quantity  foi  y  ht\  tl  t  s  ti  s  3  h  go  masses  of 
lough  undressed  masomy,  01  rubble,  instead  of  the 
film  compact  and  cleg int  picis  of  modem  bridges, 
which  above  the  bed  of  the  river  at  all  events  aie 
invauably  bmlt  with  the  most  durable  stone  cf  well 
sq  laicd  diessed  ashlar  fronts  and  suitable  filling 
withm"  In  some  cases  howovei  theic  is  no  objection 


fl 


of 


the  river,  they  may  be  of  great  advantage   especially 
m  piojectmg  sea  pieis  ai  d  sundai  stuictuies 

In  modern  times  the  invention  of  the  coffer  dam 

has  enabled  the  engineer  to  seeuic  a  tun  f  uiihti  11 

m  the  bed  of  the  iiver     Suppose  a  bi  Uo  1    t    1 

built  ovei  a  rivei  with  5  feet  depth  of  witr    it  tl 

lowest  summei  floods     that  the  bieadth  of  tl  e  w  tei 

way  lb  great,  and  that  it  is  impiacticablc  to  lay  diy 

the  bed  by  turmng  the  course  of  the  uver     In  such 

a  nse  the  best  1  icthn  1  is  to  drive  a  coffer  dam  all 

1    1      I  1  I    1     occupied  by  the  pieis 

I  1     f  watei  bcuig  5  iect, 

1  bottom  to  be  25  feel 

Y  1     I        I       15  feet  long  and  must 

1      linen  iilo  ties  1  Ij,     iiid  as  far  as  they  wdl  go 

which  may  be  from  S  to  10  feet     For  such  a  depth 

of  watei,  a  double  dam,  with  thiee  lows  of  piles  wih 

be  required.     The  coffers  between  the  rows  of  piles 

should  be  G  or  7  feet  apart,  and  filled  with  a  retentive 


Peter  Semple,  architect 


Hughes, 


il  Engine 


clay  puddle,  mixed  with  gravel  and  sand,  or  a  portion 
of  pounded  chalk.  All  the  water  and  soft  material 
must  then  be  got  out  of  the  dam.  A  steam-engine  is 
used  for  clearing  the  space  of  water,  and  for  keeping 
it  di-y  during  the  progress  of  the  building.  The  earth 
is  removed  from  the  coffer-dam  by  means  of  buckets, 
drawn  up  by  windlasses  erected  on  a  temporary  stage 
or  platform  across  the  dam,  and  the  contents  are 
discharged  into  barges  alongside  the  dam.  When 
the  soft  material  has  been  removed,  and  the  bottom 
is  found  to  consist  of  hard  gravel  or  day,  the  building 
may  be  commenced,  after  sinking  into  it  about  two 
feet.  Broad  and  large-bedded  stones  should  be  laid 
on  the  foundations,  to  give  as  much  base  with  as  few 
joints  as  possible  for  the  superstructure  to  rest  on. 
The  first  and  second  courses  should  be  built  with 
large  stones,  and,  for  the  fu-st  few  feet,  with  offsets, 
so  that  each  coui'se  from  the  bottom  may  project  all 
round  at  least  sis  inches  beyond  the  course  imme- 
diately above.  If,  after  the  dam  has  been  excavated, 
the  bottom  should  appear  unsound,  piles  must  be 
driven  all  over  the  space  to  be  occupied  by  the 
building,  and  extending  about  a  foot  beyond  it.  The 
piles  may  be  of  almost  any  kind  of  timber,  such  as 
Scotch  fir,  beech,  elm,  birch,  &c.  &c.  eight  or  nine 
inches  square,  or  round  timber  of  this  diameter  :  they 
should  be  driven  in  rows,  from  two  to  three  feet 
apart,  as  far  as  they  can  be  forced  into  the  solid 
ground,  or  until  each  pdc  wiU  not  sink  more  than  a 
quarter  of  an  inch  with  twenty  blows  from  a  soKd 
ram  of  1,500  lbs.  weight.  TVTien  all  the  pUes  have 
been  driven,  their  heads  should  be  cut  off  quite  level, 
and  about  a  foot  in  depth  being  excavated  between 
them,  the  space  up  to  the  level  of  the  pUe-hcads 
should  be  filled  with  broken  stones,  grouted  with 
good  lime  and  sharp  sand.  A  platform  of  oak,  beech, 
or  elm  plank,  from  four  to  sis  inches  thick,  should 
then  be  placed  across  the  pile-heads,  and  secm-ed  to 
them  with  spikes,  bolts,  or  with  trenails  of  hard  wood. 
Another  similar  planking  is  usually  laid  across  the 
fu-st,  and  closely  jointed  thereto  ;  and  upon  this  upper 
platform  the  building,  with  brick  or  stone,  is  com- 
raeneed.  The  masonry  should  be  laid  with  offsets, 
and  large  stones  should  be  used  for  the  first  and 
second  courses. 

This  method  of  laying  foundations  by  means  of 
a  coffer-dam  and  pUing  is  very  expensive.  In  situa- 
tions where  the  river  can  be  turned,  a  far  less 
costly  method  may  bo  adopted  for  giving  stability 
to  the  unsound  bottom.  Mr.  Hughes  recommends 
that  it  be  covered  over  entirely  with  cross-sleepers 
of  Memel  logs,  and  on  these  to  lay  a  covering  of 
planks  closely  jointed;  while  fiuihcr  security  may 
be  obtained  by  mtroducing  inverted  arches,  above 
the  planking,  between  the  piers,  and  extending 
under  each  of  the  abutments.  It  will  not  be  neces- 
sary to  introduce  a  platform  of  timber  to  support 
the  inverts,  unless  the  ground  be  too  soft  to  construct 
them  upon  it ;  and,  m  some  cases,  the  platform  without 
the  inverts  may  be  sufficient  to  carry  the  bridge.  In 
many  cases,  concrete  may  be  used  as  a  substitute  for 
piling,  in  order  to  secui-n  a  solid  foundation.     "  The 


expense  of  laying  a  foundation  of  concrete,  from  foiu' 
to  six  feet  in  deptn,  and  extending  about  two  feet 
round  the  space  to  be  occupied  by  the  building,  ought, 
in  all  such  cases,  to  be  considered,  and  compared  with 
the  expense  of  piling,  which  will  probably  never  be 
found  more  safe  than  a  body  of  concrete,  unless  the 
bottom  be  so  soft  as  to  allow  the  concrete  to  sink 
into  it,  and  thus  entirely  cease  to  support  the 
building.  For  its  diu-able  and  almost  imperishable 
nature,  concrete  cannot  be  too  much  esteemed ;  and, 
besides  being  quite  as  safe,  and,  perhaps,  more  durable 
than  pHing,  its  cost  will  in  most  districts  be  found 
much  less.  Where  the  piers  are  to  be  built  either  of 
brick  or  stone,  a  great  saving  will  be  effected  by  the 
use  of  concrete  underground,  as  the  expense  of  this 
substance  will  in  no  case  exceed  one-third  the  price 
of  any  description  of  brick-work,  and  in  some  cases  it 
may  not  cost  more  than  a  sixth." 

It  was  Mr.  TeKord's  practice,  when  the  site  of 
the  foundations  was  unsafe,  and  the  expense  of 
driving  pUes  through  a  very  deep  bed  of  loose  ma- 
terial would  be  considerable,  to  lay  an  inverted 
arch  between  the  piers  and  abutments.  In  other 
places,  where  the  ground  was  more  soHd,  but  stiU 
doubtful,  a  pavement  of  broad  stones  was  placed 
over  the  whole  bottom,  extendmg  also  under  the 
abutments  and  wing-walls.  These  also  were  tied 
across  the  whole  bottom  by  a  row  of  the  same  de- 
scription of  broad-bedded  stones,  placed  on  edge  ;  and 
this  kind  of  pitching  was  often  contmued  to  the  extent 


■. ..::.,  .iiil  L.ai  tied  across  by  a  row  of  the 
1,  scabblc-drcssed,  rough-shaped,  jomted, 


and  set  on  edge,  as  at  a  b.  Figs.  2S2,  283.  Wlien 
these  stones  could  be  procured  in  lengths  of  0  or  7 
feet,  from  3  to  5  feet  bioad,  aud  from  0  to  9  Indies 
thick,  Mr.  Telford  i-nf.  :;  <i  lii  n  lu  timber  as  a 
covcriEg.     "UTiere  la:  .  i,  it  be  readily 

obtained,  he  direct c.l  ,,  |  :  :  i  ,i  to  be  formed 
with  stones  of  about  t\\  >  i  t'^  <  i  m,;  m  li.  ial  area,  and  not 
less  than  a  foot  deep.  These  were  pitched  endwise, 
close-jointed  throughout  their  whole  depth,  aaid  set 
with  considerable  care  ;  and  thoy  were  never  allowed 
to  bo  set  on  saud  or  rm  -  :ii'/  r-il  fliaf  codd  after- 
wards be  carried  :\\v.i'  '  'i'liis  pitcliing 
was  usually  sccm-ed  :;'  '  i<  >  !■  i!'  ;iliutmcnts  aud 
wing-walls  by  a  loiiaiiia!-!  'i  -'^  '  ]'  r,  j.!:icrd  along  the 
outside,  with  sheeting  piles  driven  down  in  front  to 
a  depth  of  from  six  to  ten  feet,  according  to  the 
nature  of  the  bottom.  This  method  is  shown  at  c  d, 
i'igs.  2S2,  2S3. 

Sandy  foundations  present  a  great  variety.  The 
sand  may  be  rounded  or  angular,  the  latter  forming 
what  is  called  a  s/iurp  sand  ;  or  the  particles  may  be 
miuute,  as  in  /;/<?  sand,  or  \  cry  large,  as  when  the 
saud  appioaches  the  nature  of  giavcl.  Sandy  sods  are 
also  dibtmgidshed  fiom  eacli  other  by  the  proportions 
Ihcy  eontam  of  cla\,  m  ulliii  caitlir  matter,  which, 
in  combination  Willi  il  I,  i     i       id  st/L    Fiue 

sharp  sand  is  usu  ill  i  i     sufiicicntly 

rapid  to  cany  awa\  1 1  i       )  lli>  and  other 

matters,  on     o' i  i      j,K  iL^,  aand  in  still 

wateis      "\\  I       t  ,K  btdl  more  rapid,  the 

bods  ma\  i  1 1  sharp  angular  saud, 

v.ith  no  sill       111  I  I  he  current,  the  coarser 

the  gra\cl,  and  the  smalltr  tlie  proportion  of  sand 
niLxed  with  it.  A  quicksand  is  formed  by  the  action 
of  water  on  a  bed  of  this  material,  whether  of  a  silty 
or  pure  sandy  natm-e ;  and  the  danger  of  its  giving 
way,  when  auy  weight  is  placed  upon  a  quicksand, 
arises  from  its  tendency  to  escape  with  the  water, 
and  pass  from  under  the  pressure.  If  this  can  be 
prevented,  the  foundation  is  a  good  one ;  for  sand  or 
silt,  in  a  state  of  rest,  is  remarkably  sohd,  the 
smallest  vacuities  being  filled  with  it.  Thus,  a  quick- 
sand surrounded  by  a  strong  and  close  enoaissement 
of  piliug  would  bo  perfectly  safe  as  a  foundation 
\Ylien  there  is  any  danger  of  the  smkhig  of  a  stiuc- 
ture  in  consequence  of  the  lateral  shifting  of  the  sand, 
the  fh'st  part  of  the  foundition  shoidd  consist  of  i 
timbei  platfoim  lestiug  upon  the  sand,  and  of  suffi 
eient  aiea  to  citend  two  or  three  feet  on  each  side 
beyond  the  base  of  the  stiuctme  to  be  raised  upon  it 
It  maj  be  hid  with  sleepers,  ten  mchcs  wide,  nd 
SIX  mches  thick,  placed  it  the  distance  of  tlrree  I 
apart,  from  centre  to  centre  these  must  be  clo 
eoveied  with  foui  inch  thick  planks,  closely  jonil  I 
and  secured  to  the  sleepers  with  trcnads 

In  nvero  wheie  there  is  vci>  little  cu  unt  and  tho 
sand  bottom  has  a  coveimg  of  t^^o  oi  thiee  feet  of 
clay,  01  heavy  giavel,  which  is  not  bable  to  be  dis 
turbed  by  floods  or  other  causes,  a  buddmg  may 
safely  rest  on  a  sand  bottom,  without  the  accompam 
ment  of  a  platform  In  other  cases,  an  artificial 
covenng  may  be  placed  over  the  sand,  and  thus 
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prevent  its  distuibance.  Such  a  coveruig  may  be 
found  necessary  after  the  erection  of  a  bridge,  to 
prevent  a  sandy  or  silty  bottom  from  being  carried 
away  by  the  cuiTent,  which  is  often  increased  in 
velocity  by  the  contraction  of  the  water-way.  By 
covering  the  bottom  with  clay  for  a  distance  of  sixty 
or  seventy  feet  above  and  below  the  bridge,  and  then 
overlaying  the  clay  with  stones  varying  in  weight 
from  200  lbs.  downwards,  the  whole  artificial  covcrmg 
not  exceeding  two  feet  in  thickness,  the  further 
wasting  nf  tlir  lirit*n:ii  nay  be  prevented.  This  plan 
was  s»r  ■  '■  '■,  '  1  !  Ill  Mr.  Remue  in  the  case 
of  the  Li:     r...  :  r,,,.inath. 

Some  ill'  I  <!  :':  ,  ,  i'i'hI  of  forming  a  coffer-dam 
may  be  gatlicied  fiom  the  foUowiug  details.  Suppose 
a  bridge-pier  is  to  be  erected  in  a  tide-river,  where 
there  is  10  feet  depth  of  water  at  the  lowest  spring 
tides,  and  that  the  bottom  consists  of  12  feet  loose 
gravel  and  sand,  with  clay  underneath.  If  we  suppose 
the  depth  at  high  water  to  be  not  less  than  2S  feet, 
(making  the  whole  depth,  from  the  suifaoo  of  high 
watei,  till       'i  r     '  1    M  I  I   il  ,\\u  to  the  clay, 

•10  f(  t  ,    I  I  1  d  (jf  four  rows 

of  pill  SI  I  \  three  distinct 

The  outci  lo-n  nt  pdi-.,  to  be  dmcn  down  to  within 
a  foot  of  low-water  mark,  and  5  feet  into  the  clay, 
must  be  2S  feet  loug ;  the  two  middle  rows,  also  to 
be  dia\  en  5  feet  into  the  bottom,  and  to  stand  3  feet 
above  high-water  mark,  must  be  4S  feet  long ;  the 
inner  low,  to  be  diivcn  to  about  11  feet  above  low- 
water  maik,  and  5  feet  into  the  clay,  will  be  38  feet. 
The  clear  breadth  between  cacli  tno  rows  of  i)ilcs  to 
be  6  feet ;  the  outer  row  of  piles  to  be  half-logs,  of 
12  inches  by  6   scantling;   the  middle  row  to  bo 
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be  placed  all  round  the  top  of  the  iimer  pfles,  as  in 
Fig.  284.,  and  to  be  connected  by  wrought-iron  bolts, 
Ij  inch  square.  Other  lines  of  waling  must  be  fixed 
round  the  coffer-dam,  and  connecting  pieces  must  be 
introduced  at  intervals  of  i  feet,  from  bolt  to  bolt, 
all  round  the  dam.  AH  the  sand  and  gravel  within 
the  space  to  be  occupied  by  the  dam  must  be  exca- 
vated, or  it  will  permit  the  water  to  penetrate  thi  out;h , 
and  this  may  be  done  by  dredging  befoie  the  pdcs  aie 
driven.  In  making  the  dam  water  tight  by  puddling, 
clay  alone  should  never  be  used,  as  it  is  subject  to 
great  changes,  according  to  the  alternations  of  heat 
and  cold,  drought  and  moisture.  In  veiy  diy  -sv  eathcr 
it  wiU  crack,  and  separate  into  irregular  fiagmcnts, 
which  will  not  unite  again  so  as  to  foim  an  adhesive 
water-tight  substance.  Mr.  Hughes  recommends 
3  parts  of  pui'e  clay,  3  of  chalk,  and  1  of  fine 
gravel,  as  a  good  compound  for  filling  the  dam 
These  materials  should  be  well  mi\ed  together,  the 
chalk  and  clay  chopped  small,  and  no  stone  laigei 
than  a  hen's  egg  allowed  to  pass  amongst  the  gia\el 
It  is  usual  in  large  dams  to  cover  the  top  ot  the 
puddle  with  bricks,  or  with  good  stiocg  gia\el, 
grouted  with  lime,  to  the  depth  of  a  foot  All  the 
piles  used  for  the  dam  should  be  shod  ^uth  \vi  ought 
iron  shoes,  not  less  than  10  lbs  each,  and  hooped 
with  iron  rmgs,  three  inches  broad,  and  thiee  quarleis 
of  an  inch  thick,  to  prevent  the  timber  fiom  splmteimg 
or  giving  way  under  the  driving  The  following 
figures  represent  some  varieties  of  iron  shoes  for  piles 


In  constructing  a  coffer-dam,  the  first  operation  is 
to  drive  iha  guide-piles,  so  caUed  from  being  the  first 
in  each  row,  and  thus  serving  as  giddes  to  the  rest. 
They  are  usually  placed  about  ten  feet  apart,  and  the 
barge  or  other  vessel  containing  the  pile  engine  should 
be  moored  stem  and  stem  alongside  the  line  of  the 
intended  dam.  A  ringing  machine,  and  wooden 
monkey,  of  about  800  lbs.  weight,  are  first  used  for 
di-iviiig ;  and  when  all  the  guide-piles  of  one  row  have 
been  fixed,  the  walings  should  be  fastened  to  them, 
and  the  intermediate  piles,  ten  in  number,  between 
each  pair  of  gauge-piles,  may  be  di-iven  down.  "Wlien 
the  piles  cease  to  sink,  after  repeated  blows  from  the 
monkey,  a  heavy  iron  ram,  of  1,500  or  l,S001bs. 
weight,  with  considerable  fal',  may  be  used  to  com- 
plete the  driving.  Wlien  the  heads  of  the  piles  get 
bushy  or  besomy,  they  shoidd  be  squared  off,  that  the 
force  of  the  blow  may  not  be  deadened. 


The    old    methods    of    jiile-driving,   which   were 
very  slow  and  toilsome,  have  been  superseded  by 


Nasmyth's  Patent  Steam  Pile-driver,  which  may  be 
easily  made  to  perform  80  strokes  per  minute ;  and,  in 
ordinary  ground,  piles  of  14  inches  square  are  driven  at 
the  rate  of  upwards  of  10  feet  per  minute.  The  in- 
ventor says  :  "Instead  of  attempting  to  obtain  high 
momentum  from  a  small  mass  of  ii-on  faUiug  from  a 
great  height,  I  employ  the  momentum  resulting  from 
a  great  mass  falling  with  moderate  velocity  from  a 
small  height,  (3  feet,)  and,  instead  of  having  one  blow 
per  minute,  I  employ  from  70  to  80  blows  per  minute. 
The  result  is  that,  while  the  pile  is  driven  with  ease 
and  rapidity  into  the  most  rigid  and  resisting  soil, 
the  head  of  the  pile  is  so  little  injured  as  to  present 
a  neater  appearance  after  having  been  driven  than  at 
the  commencement  of  the  action.  AH  this  advantage 
arises  simply  from  employing  the  mechanical  force 
in  its  proper  condition  for  the  performance  of  the 
required  duty.  If  we  desire  to  split  and  shatter  to 
splinters,  let  us  give  the  blow  from  a  small  mass, 
travelling  at  the  highest  possible  velocity  ;  if,  on  the 
other  hand,  we  desire  to  propel  and  push  forward 
such  a  mass  as  a  log  of  timber,  let  us  do  just  the 
reverse,  namely,  give  it  a  blow  from  a  heavy  mass, 
moving  at  a  low  velocity."  The  inventor  justly 
remarks  that,  although  we  have  equivalent  mechanical 
forces  in  the  case  of 


yet  how  very  dissimilar  are  tlie  effects  of  each,  when 


employed  to  perform  such  duties  as  that  of  driving  a 
pile  ' '    [See  Steam  Hammer  ] 

A.  icm  uk  ibL  apphcatiou  of  the  science  of  puciima 
tics  h  IS  been  made  by  Di  Potts  ni  the  construction  of 
an  app-iiitus  for  smkiii^  found  xtious  h\  means  of 
atmospheuepiessure  m  deep 


lugle  or  bog   It  ci 


tubes  usually  of  cast  uob 

auy    hape  -which  aie  sunk  mt  j  t 

of  atmosiihLUC  pressure      ill    1 


is  open  and  being  placed  upon  the  ground  of  what- 
e^  er  n  iture  it  m  ly  be  the  au  w  itei  oi  semi  llunl 
matciiol  m  the  inside  is  cxtiactcd  by  pumps  or  by 
othei  means  "When  the  moie  sohd  mitcmls  ait 
lemoved  the  au  intheinteiioi  of  the  tubes  is  iiiefied 
ni    tm^     ,cmme  mmume .  i  n  ^y   i   _"^^  ^^ssc^^ 


ri 


^Ir^^^pH^^^ 


'"T"^^ 


^^     up- 

rsrr 

rri 

3  ^  \    ^/T 


W 


'  V^f^HTK-^l-^^f^n 


atmospheiic  piessuie  upo  i  the  pde  head  without  any 
counteracting  lesistance  Ifthestiatatobe  tiavciscd 
h"  of  a  yielding  ^emi  fliud  nature,  they  aio  also  acted 
upon  by  the  sanie  cause,  and  flow  up  into  the  tube 
or  hollow  pde,  which  at  the  same  tunc  descends  with 
coiicspondnig  i  ipidity  The  mateiials  thus  mtro 
duced  aie  removed,  or,  if  the  strata  be  moie  resistmg. 


they  aio  thrown  out,  so  as  to  attain  the  greatest 
possible  rarefaction  of  the  air ;  and  the  operation  is 
icpcated  until  the  piles  are  fully  driven.  A  succession 
of  tubes  may  be  placed  upon  the  first  by  means  of 
flanges  or  other  jomts,  so  that  they  may  be  driven 
of  any  length  requii-ed. 

The  chief  advantage  of  this  system  is,  that  no 
vibiation  is  communicated  to  the  ground,  and  the  elas- 
ticity of  the  strata  traversed  is  never  brought  into 
action  A  remarkable  illustration  of  its  advantages 
in  this  respect  occuiTed  on  the  Goodwin  Sands,  where 


210  BR] 

a  tube  2  feet  Cj  inches  in  diameter  sunk  to  a  deptli 
of  32  feet  7  inelics  in  G  hours ;  whereas,  a  bar  of  ii-on, 
S  inclics  in  diameter,  could  not  be  driven  more  than 
13  feet,  at  which  depth  it  required  4-6  blows  of  a 
monlcey  weigliing  10  ewt.,  fallhig  through  10  feet,  to 
advance  it  one  inch.  In  such  sandy  soUs,  and  some- 
tunes,  also,  in  elay  soils,  it  is  necessary  to  drive 
common  pUcs  with  tlie  large  or  butt-end  downwards, 
to  prevent  the  elasticity  from  forcing  them  up  again. 
These  pneumatic  piles  have  been  used  in  the  foun- 
dations of  several  railway -bridges.  Those  for  AViudsor 
Bridge  were  5  and  6  leet  in  diameter;  and,  some 
years  ago,  Messrs.  Tox  and  Henderson  inserted  in 
the  foundations  of  the  bridge  over  the  Medway,  at 
Rochester,  cylinders  10  feet  in  diameter.  With 
sueh  colossal  dimensions,  (lny  cense  to  be  piles, 
and  become,  in  faof,  c;>:  -  ■•.,  Vrhru  the  hollow 
cylinders  have  been  :  '  '  <'  rnih  which  has 
risen  up  into  them  '  .  ;ire  filled  up 

with  concrete,  and  Ih-:     ii.  i  n     i  ;':  ..i'eut  to   solid 

The  accompanying  section  and  plan  of  the  coffer- 
dam at  Neuilly,  Figs.  293  and  203,  will  convey  a 
general  idea  of  the  ari-angemcnts  of  coffer-dams.  The 
arrows  represent  the  direction  of  the  stream,  which 
was  taken  advantage  of  for  turning  large  water- 
wheels  placed  in  the  river,  the  motion  of  which,  being 
communicated  to  pump-machinery  within  the  dam, 
raised  the  waters  thereof,  and  discharged  them  by 
means  of  shoots  over  the  piles  into  the  river.  The 
works  at  the  left  of  the  figures  are  the  laud  abut- 
ments, dammed  in  on  the  river  side,  and  containing 
also  the  first  pier.  The  complete  coffer-dam  to  the 
right  shows  the  second  pier  in  progress.  Temporary 
bridges  of  plaukiug  connect  the  dams  with  the  land. 

2.  T/ie  piers  and  abutments.  In  the  construction 
of  a  bridge  it  must  be  nearly  always  desirable  to  have 
the  smallest  possible  number  of  poiuts  of  support. 
"  Piers  in  a  waterway  intercept  the  cun-ent  and  im- 
pede the  navigation ;  they  arc  most  troublesome  and 
expensive  to  found  and  form,  and  are  most  exposed 
to  injury  when  they  are  formed.  The  object  of  the 
bridge  itself — a  convenient  road  over — being  properly 
provided  for,  and  the  permanence  of  the  structui-e 
being  sufficiently  considered,  it  i-;  not  too  much  to  say 
that  the  ami  and  cud  .  1'  ",  1  ■  i_.  1  Id  i  should  be 
toirdueefhepieis  '  ,1,  number, 

cousi-stcutly  1o  a  d.,    ,  Of  aU  the 

biidgcb  over   (he  11  i  i         London,  the 

suspcubion-biulgc  at  llaminoiMnuh   interferes  least 
with  the  na\igation  of  the  liver,  and  is  least  expo:,ed 
to  injuiy  fiom  the  action  of  the  cun-ent  npnn  i(s 
pouits  of  suppoit ;  these  having,  to  a  certnni  ,  ^  t. .  t 
the  effect  of  embankment -wall.s,  which  jm        '     ' 
stream  from  spreading  itself  uselessh,  ii 
riously,  over  a  wide  and  shallow  bed,  and  u  i        i 
run-cut  upon  the  niid-ehannel,  wheicby  it  li  kept  luc 
and   clear;   whereas,  the   lumbering' masses   -nhieh 
buppoit  Putney  Bridge  obstruct  thc'na\igatiou,  force 
the  cuirent  into  narrow  lapids, -nhieh  tend  in  every 


way  to  the  destruction  of  the  works  themselves,  and 
make  the  passage  up  the  river  dangerous.  The  laden 
barge  of  commerce  and  the  double-banked  barge  of 
pleasure  pass  with  or  against  the  stream,  and  alike 
with  case  and  safety,  under  the  tasteful  and  scientific 
erectivni,  -.il:'> 'i  c  i.'  a  convenient  and  agreeable 
road  iiv  ,       :  !   1  i'-    water-way  uninteiTupted , 

w-hile  1)  1  .  inconvenience  and  danger 

where  the  iiu;iv;'iii  '  ;  i'ntucy  and  Battersea support 
narrow  and  inconvenient  roadways  over  the  danimed- 
up  river.  In  like  manner,  the  effect  of  Southwark 
Bridge,  with  its  two  well-formed  piers  of  neatly- 
executed  masonry,  is  hardly  felt  upon  the  river; 
whilst  the  multitude  of  wTy-looking  angular  piers 
of  Yauxliall  Bridge,  standing  across  a  bend  of  the 
river,  are  with  difficulty  avoided  by  the  heavy  craft, 
which  depend  almost  entu-cly  upon  the  current  for 
motion.  These  are  timber  and  iron  bridges,  of  various 
forms  and  modes  of  arrangement ;  and  with  the  mate- 
rials of  which,  they  are  composed,  no  sensible  incon- 
venience, and  much  less  obstiiietion,  should  in  any 
case  have  been  imposed  upon  the  navigation  of  the 
river.  That  neither  obstruction  nor  inconvenience  is 
necessary  with  even  a  bridge  of  masonry  is  sho-\vn  by 
the  new  London  Bridge,  which  contrasts  advan- 
tageously, not  alone  with  its  predecessor,  but  with 
all  the  other  stone  bridges  upon  the  river,  in  these 
respects.  The  infrequeney  of  the  piers,  and  their 
moderate  bidk,  together  with  the  expanse  and  eleva- 
tion of  the  arches,  preserving  the  liead-w'ay  almost 
unabated  over  a  great  part  of  the  whole  width  of  the 
water-way,  show  in  these,  as  in  other  respects,  an 
example  of  the  highest  degree  of  perfection  in  the 
practice  of  bridge-building.  .  .  .  Had  Labelye  and 
Mylne  built  with  granite,  their  works  could  not  have 
been  executed  with  the  funds  at  their  disposal,  re- 
spectively ;  but  with  granite,  and  the  means  of  ap- 
plying it,  they  would  possibly,  or  they  ought  to,  have 
occupied  less  of  the  water-way  with  obstructions; 
and,  with  the  means  at  their  disposal  of  raising  the 
approaches,  they  would  probably  have  avoided  making 
the  roadways  upon  their  bridgessosteep  as  to  be  always 
inconvenient,  and  sometimes  dangerous."  {Hosking.) 
The  danger  of  contracting  the  water-way  by  piers 
is  shown  in  the  case  of  Hexham  Bridge,  over  the  Tyne, 


built  by  Smeaton.  The  piers  w  ere  built  upon  a  thin 
stratum  of  gravel  which  rested  upon  loose  sand  capa- 
ble of  yielding  to  the  action  of  water,  if  once  exposed 
to  it.  To  prevent  this  exposuie,  the  piers  wcie  fur- 
nibhed  \\ith  rubble  defences  (Fig.  291),  the  effect  of 


wlucli  was  fuithei  to  cliniiush  the  iheadj  couti  icted 
\iateiwa),  aud  to  nise  the  flood  ^^atersto  thehtidi/ 
leqmsiteto  scoui  it  imt  wilh  the  ^n  uel  undei  it, 
by  i^hicli  means  the        i  I        !  the  pieis 

d  oiicc  undeimuie  1  Itll     The 

mei  Ijnc,  m  the  i  tood,  wis 

ibout  530  01  5iO  ka  1    ^l  I  of  fieshes 

01  oidin-iiy  floods    tiiis  \Mdth  thtiu.!^  uid  ibutment 
leduced  one  filth,  Icavuy  but  424  feet  opeiiing  be 
tweei  the  pieis  wheie  they    ul  fl  i  n    I      ml  Ih 
dunmishcd  width  was  fuithei  i    1       1 
watei  level  by  the  gi  eater  sul   I 
their  footings,  and  by  the  del 
iioimd  them,  winch  had  the  ell 
ftct  dam,  01  sunken  weir,  at  c\ 
flood  wateis  had  on  pie\ious 
budge  to  the  height  of  the  sj 
without  mjuiy  to  the  woiks,   i  1 

piessuie  ot  a  head  of  3  feet  of  watci 
by  the  obstiuetions  of  the  pieis  and  tl 
and  a  seom  ausing  fioni  a  velocity  of  fu 
feet  pel  mmuto  residtmg  fiom  tint  lie  id    A\     t  tl 
k\cl  ot  the  spim^mgs,  howevci,  the  aichcs  them 
s(hts  begin  to  be  mimeiscd    and  these  in  a  use  of 


horn  between  the  nibble,  and  to  scoui  out  a  channel 
deep  enough  to  compensate  for  the  space  that  the 
pieis  of  the  budge  with  then  defences  and  the  im 
mersed  haunches  of  the  aiches  occupied  "  It  is  pio 
bable,  in  cases  of  this  kind  if  the  bed  of  the  uvci 
weie  deci  cncd  sufficiently  to  m  ike  the  section  of 
the  watei  way  in  the  bajs  equal  to  the  whole  section 
of  the  bed  oi  tiough  occupied  bywatei  btfoie  the 
election  of  the  pieis,  no  dangei  w  ould  ensue  Under 
ordmaiy  cuemnbtances,  the  euu  it  wdl  cfT  ct  such 
deepening  of  itself ,  but  whil     1  1     | 

exposed  to  a  gieat  woaimg  u 
befoie  us,  pioved  fatal  li^ 
tudinal  seel  ion  of  the  eenti  II        I       i  II 

lowci  watci  le\cl  is  thit  ot  sui  i  i  w  I  i  i  1  the 
top  d  jtttd  luif  lb  the  heiglit  above  budge  of  the  flood 
which  mukiiiimcd  and  o\eithiew  it 

Mr  IloskiUj,  lemiiks  that  the  suhbtance  in  thick 
uesb  of  which  biidoC  pieis  may  be  built,  must  depend 
m  a  giLit  digiee  ujon  the  nntLii  lb  of  which  they 
aie  composed  the  hci^l  t  to  which  it  i  1  \  lll^ 
saiy  to  eaiiy  them,  aud  the  weight  ( 1  I 

upper  woiks,  and  load ,  it  bcmg  f  ik  I 

that  the  woikmanship  is  good,  is  the  t 
b  dly  wi  ought  and  built,  ni  ly  ho  un  1 1  I 
weight  they  aie  mtended  to  canv,  tlio  ^n  ]  t  ^  <  1 
hdf  their  substance  might  be  sulhcuiit  "It  the 
pieis  of  Wcstmmstei  and  BhclJinis  budges  had 
been  one  eighth  oi  one  nmth  the  sf  an  of  the  aiches 
lesfmg  upon  them,  instead  of  one  1  unh  md  one  fifth 
of  that  piopoition,  as  they  aio  usicotneh,  it  is  not 
impiobahle  that  both  these  budoCb  would  ha\c  filled 
Ihe  late  opcntious  loi  the  lepius  to  then  paib  hue 
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exposed  w  oiluiianship  of  the  woist  kmd,  even  in  the 
outside  01  a«ldai  coiuscs,  stone  chips  and  pieces  of 
slate  and  even  deal  chips  weie  commonly  found 
packed  and  wedged  m  to  compensate  foi  the  leanness 
of  the  stones  m  both  beds  and  jomts  " 

&ome  of  the  picis  of  Old  London  Budge  wcie 
liigci  than  the  origin d  opemnga  of  the  arches,  they 
consisted  of  small  nibble  stones  laid  m  bme  moitai, 
suuounded  by  a  thin  casing  of  squaied  stones  The 
K  m  bulges  wu  1  like  ntrarfcl  m  the 
T  1  I  st 


II  11  the 

I  1        r      \n     U  ilh  11      1     ^ht   ol  the  ji    s      At 

the  budge  of  INeudly  the  thickness  is  only  one  nmth 

part  ot  the  span  fiom  the  spunging  of  the  aiches 

I      1      U       1   T-ulated  accorcUng  to  ciicumstanees, 

\Ln  to  the  highest  point  to  which 

el  been  known  to  have  useu 

1    the  sha]  e  of  til    ii  i     tl     [rition 

V  lull  sill    itsthcaiohis  II  ht 

bued  pai  illel  sides     Un  I  in 

cicases  ui  bieadth  to  the  1  I  I     of 

111      0   s  K    ihtedbytl  1  I    i  n, 

iswluchtkl     b     111     1    I  burs 

I      iichcs      In  many  modem  biu'^es 

the  late  ol  thiee  inches  foi  e\eiy 

1  T  II     Is  aic  comcnient  foi  sup 

poitii  I  01  foui  niches  m  the 

stone  1 1    t  piu-pose,  the  wooden 

platl  I  ibh    nioie   aiouud  the 

piei      11         K    Itl     1  I    uU  1     1     Ml  dwith 

s  ibent  11    1     tf      t  /     /  "s         10    1  mend 

th-itfhe    1    1       1  th    cc  i\    1(1      1    ullbetinn^idai, 

and  th  it  the;)  bhoul  1  diUei  m  He  si^e,     nl  othcis, 

whcie  heavy  ci  ift  aie  niMnateel,  considei   cueulai 

eutwateis  best  calculated  to  lesistthe  eETects  of  con 

cussion    The  foun  of  a  gothic  pointed  aich  diminish 

mg  to  its  apex,  seems  best  fitted  foi  the  di\  ision  of 

the  stieam  and  foi  lesistmg  the  impulse  of  heavy 

bodies 

The  shqesot  tie  1       ts  of  tl      i     i     u    \aiious. 

Telle    li  IS 

These  1     ,  i  J     I  lum 

the  bmitb  ot  e  ich  side  ot  the  pub  Laeh  cuuise  of 
stone  aiound  the  outside  should  be  laid  hcadci  and 
tiet  1    1    It  in  t  h      Ihc  st  ctehcis  shn  1 1  be  fiom 


^  shoul  1 


th  1 


widtli  The  intciioi  oi  fiUin^  in  stones  should 
bo  of  equal  height  with  the  outside  stones  and  should 
have  then  npught  jomts  not  moie  than  one  inch  wide 
they  should  bie  ik  jomt  at  least  one  foot ,  the  fiiat  and 
all  succeeding  couiscs  should  be  laid  flushed,  with  both 
then  bed  and  upught  joiuts  m  piopei  moitar  Ther'' 
should  be  an  allowance  foi  the  thickness  of  the  out 
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bide   mortar  joints  of  about  one-eiglitli  incli  wlicu 
compressed.     All  tlie  Joints  should  be   ruu   fidl  of 
grout  where  there  is  any  vacancy.     Tlio  hardest  aud 
most  perfect  stones  should  be  used  for  the  projecting 
points  of  the  piers,  especially  those  on  the  upi^tr  bidt 
of  the  bridge.    The  points  should  be  ciii     1  u| 
least  to  above  high-water  mark,  aud  at   t ' 
to  be  usually  finished  by  sloping  them  l> 
face  of  the  spandrels.   The  courses  of  ituiu   mi    \  h 
in  thickness,  eighteen  inches  being  a  good  aMi.igr. 

The  abutments  are  managed  in  tlie  same  manner 
as  the  piers,  only  tlieir  backmg  is  goucrally  made  of 
good  nibble  stone  laid  in  lime  mortar.  This  rubble 
work  must  be  levelled  and  grouted  at  the  height  of 
each  course  of  square  masom-y,  the  whole  to  be 
properly  bonded  aud  connected  together.  If  the 
bridge  be  wide,  a  buttress  or  counterfort  should  be 
placed  behind  the  middle  part  of  (he  abutment ;  it 
should  be  of  rubble  work  well  bonded  into  the  body 
of  the  abutment,  and  having  thin  lioop-iron,  laths,  or 
half-inch  boards  laid  in  as  they  are  carried  up. 

3.  The  centres.  In  the  construction  of  an  arch,  a 
timber-framing  called  a  centre  or  ce7iter  (from  the 
French  verb  ceiittre  or  cintre),  is  necessary  for  sup- 
porting the  voussoirs  until  tliey  are  keyed  in.  The 
centre  must  be  strong  enough  to  bear  the  weight  or 
pressure  of  the  vuussoiib  \\itliout  any  sensible  change 
of  form  till'  11  '    111  i'      '  '   lie  progress  of  the 


r  fatal  n 


the  GlosM  |,    , 
ccediug  to  lay 


iu  the  c 
Tno  n- 


e  of  a  laiL 
1  the  bus.'  I 


e  pio 


me,  when  the  centre  gave 
d  fell  with  a  tremendous  crash  into  the  river, 
causing  the  loss  of  several  lives. 

A  centre  should  also  admit  of  being  easily  and 
safely  removed,  and  so  designed  tliat  it  may  be  erected 
at  a  moderate  cost.  In  navigable  rivers,  where  a 
certain  space  must  be  left  for  the  passage  of  vessels, 
i>:id  in  deep  and  rapid  rivers,  where  it  is  difficult  to 
c-lablish  intermediate  suppoits,  the  frames  should 
Gpan  the  whole  width  of  the  archway.  In  other  cases 
the  framing  may  be  constructed  upon  horizontal  tie- 
beams,  supported  in  several  places  by  piles  or  frames 
fixed  in  the  bed  of  the  river. 

Dr.  Robison  remarks  that  the  general  principles  of 
carpentry  furnish  a  nde  for  the  construction  of  cen- 
tres. To  give  the  utmost  possible  strength  to  a  frame 
of  carpentry,  every  piece  should  be  so  disposed  that 
it  is  subject  to  no  strain  but  what  either  pushes  or 
draws  it  in  the  direction  of  its  length ;  and  if  we 
depend  on  timber  alone  for  the  strength  of  the  centre, 
we  must  rest  all  on  the  first  of  these  strains ;  for 
when  the  straining  force  tends  to  (Irato  a  beam  out 
of  its  place,  it  must  be  held  there  by  a  mortice  and 
tenon  joint,  which  possesses  but  a  trifling  force,  or 
by  iron  straps  and  bolts.  Cases  occur  where  it  may 
be  difficult  to  make  every  strain  a  thnist,  and  the 
best  artists  admit  of  ties ;  and  indeed,  where  a  tie- 
beam  can  be  admitted  coimeeting  the  two  feet  of  the 
frame,  no  better  security  need  be  sought.  But  this 
may  in  some  cases  be  inconvenient.  In  supporting 
the  arch  of  a  bridge  such  a  tie-beam  would  stop  the 


passage  of  small  craft  up  aud  do\TO  the  river,  it 
would  often  be  m  the  water,  aud  thus  exposed  to 
accidents  by  freshes,  &e.  Intercupted  ties  must  there 
fore  be  employed,  whose  joint  or  meetings  must  be 
.suppdrted  by  something  analogous  to  the  king-posts 
ill  1  Al  111  II  this  is  judiciously  done,  the  security 
I  -'11  at  judgment  is  necessary  in  the 
1  |iicces.  It  is  by  no  means  an  easy 
iMi  1  I  1  1. 1  I  li  ■\\hether  a  beam  in  a  centre  is  in  a 
slate  of  CDiiipicssion  or  of  extension.  Li  some  works 
we  see  pieces  considered  as  struts  and  relied  on  as 
such,  -nhilc  they  are  certainly  tie-beams,  aud  should 
be  secured  accordingly.  It  is  of  great  consequence 
not  to  be  mistaken  ui  this  point ;  for  in  such  case  if 
the  piece  be  stretched  -nheu  we  mnguie  it  to  be  com 
picsscl  MC  e  n  t  r  1  A  \\\  1  of  k  s  q  port 
whirl  1  I  In"! 

bee  I      it 


piess  II  I  I       es 

The  ftet  tl  i  1  i  n  ut\Mrls  an  I  fl  c  shipe  is 
alteied  by  the  smking  of  the  ciown  The  fnme  must 
be  diawn  igain  foi  this  new  state  of  thmgs,  and  wc 
must  notice  mhat  pieces  must  be  made  longei  than 
Ijefore.  All  such  pieces  have  been  acting  the  part  of 
tie-beams. 

The  centre  has  also  to  keep  the  arch  in  form  :  that 
i~  '  '  i'.  I'l  '  111  on  the  centre  is  coutmually  increas- 
1-.  lay  on  more  courses  of  arch-stones, 
I  111  it  yield  and  go  out  of  shape,  sinking 

nil  1 1  N  ■  i-!i(  (in  the  haunches  and  rising  in  the 
ciown,  ■Hliicli  is  not  yet  carrying  any  load.  The  frame 
must  not  be  supple ;  and  must  derive  its  stiffness  not 
from  the  closeness  and  strength  of  its  joints,  which 
are  quite  insigniiieant  when  set  in  competition  with 
such  immense  strains,  but  from  stmts  or  tics  properly 
disposed,  which  prevent  any  of  tlie  angles  from  chang- 
ing its  amplitude.  The  strength  and  stiffness  of  the 
whole  centre  must  be  found  in  the  triangles  into 
which  this  frame  of  carpentry  may  be  resolved.  The 
strain  which  one  piece  produces  on  two  others  with 
wliieh  it  meets  in  one  point,  depends  on  the  angles  of 
their  intersection,  and  these  arc  greater  as  an  obtuse 
angle  is  more  obtuse  or  an  acute  angle  more  acute. 
This  suggests  the  general  maxim,  to  avoid  as  much  as 
possible  all  very  obtuse  angles.  Acute  angles  which 
are  not  necessarily  accompanied  by  obtuse  ones,  are 
not  so  hurtful ;  because  the  strain  here  can  never 
exceed  the  straining  force ;  whereas  in  the  ease  of  an 
obtuse  aii'.'l-  it  v.v.y  '^nrp-ss  it  m  any  degree' 

Cciiliv  (    :i  I        I  lif  separate  vertical  frames 

or  tru"i  1   I;         I  iiu-  to  six  feet  apart,  con- 

nected tii_ii:i  1  ii.  I  Mini  tics  and  stiffened  by 
braces.     When  tlir  i  l.m    n,  span  the  whole 

width  of  the  arclm     ,  I   ;hc  stone-work 

afford  a  most  suli  i  ir  the  support 

of  the  centre.  Tlii:>  m  _.in,.,:,\  mir  frame  under 
each  of  the  external  rings  of  arch  stones,  and  the 
intermediate  space  is  equally  diWded  by  the  inter- 
mediate frames.     A  bridge  of  three  arches  requires 


two  centres;  one  of  five  aiches  three  crnfic';,  and 

In  the  designing  of  centres,  it  is  important  to  de- 
termine the  point  at  which  the  arch-stones  first  begin 
to  press  upon  the  centre,  and  also  the  pressure  upon 
it  at  different  periods  of  the  formation  of  the  arch. 
It  has  been  found  by  experiment  that  a  stone  placed 
upon  an  inclined  plane  does  not  begin  to  slide  until 
that  plane  has  an  inclination  of  30°  from  the  hori- 
zontal, and  until  a  stone  begins  to  slide  upon  its 
joint,  or  bed,  it  does  not  of  course  picss  upon  the 
centre.  "When  a  haid  stone  is  laid  \^  it  h  a  bed  of 
mortar,  it  will  not  sbde  until  the  angle  becomes  31° 
or  30°.  A  soft  stone  bedded  in  mortar  will  stand 
w  hen  the  angle  which  the  joint  makes  with  the  horizon 
is  15°,  if  it  absorb  water  quickly,  because  in  that 
case  the  mortar  becomes  partially  set.  The  pressure 
may  in  general  be  considered  to  commence  at  the 
joint  which  makes  an  angle  of  32°  with  the  horizon. 
This  angle  is  called  the  iiiiyle  of  repose,  and  if  we  con- 
sider the  pressure  to  be  represented  by  the  radius, 
the  tangent  of  this  angle  wdl  represent  the  friction: 
and  considering  the  pressure  as  unity,  the  friction 
win  be  0  625.  The  next  course  above  the  angle  of 
repose  will  press  upon  the  centre,  but  only  in  a  small 
degree ;  and  the  pressure  will  increase  with  each  suc- 
ceeding course,  so  that  when  the  plane  of  the  joint 
becomes  so  much  inclined  that  a  vertical  line  passing 
through  the  centre  of  gravity  of  the  arch-stone  docs 
not  fall  within  the  lower  bed  of  the  stone,  the  whole 
weight  of  the  arch-stone  may  be  considered  as  resting 
upon  the  centre.  Mr.  Tredgold '  has  given  a  method 
of  estimating  the  weight  upon  a  centre  at  any  period 
of  the  construction,  or  when  any  portion  of  the  arch- 
stones  is  laid,  as  well  as  when  the  whole  weight 


of  41°  with  the  hoiizon,  tlie  arch-stone  only  exertb  a 
pressure  of  one-fourth  of  its  weight  upon  the  centre ; 
where  the  angle  of  the  joint  is  5S°  the  piessure  ex- 
ceeds half  the  weight ;  but  near  to  the  crown,  the 
stones  rest  wholly  upon  the  centre.  Now  it  is  of 
course  unnecessary  to  make  the  centre  equally  strong 
at  each  of  these  points,  and  if  this  were  done  there 
would  not  be  the  means  of  applying  strength  where 
it  is  really  required,  without  interfcrmg  with  ties  and 
braces,  which  are  only  an  incumbrance  to  the  framing. 
Wlien  the  depth  of  the  areh-stone  is  nearly  double 
its  thickness,  the  whole  of  its  weight  may  be  consi- 
dered to  rest  upon  the  centre,  when  the  joint  makes 
an  angle  of  about  00°  with  the  horizon.  If  the  length 
be  less  than  twice  the  thickness,  it  may  be  considered 
to  rest  wholly  upon  the  centre,  when  the  angle  is 
below  60°,  and  if  the  length  exceed  twice  the  thick- 
ness, the  angle  will  be  considerably  above  00°,  before 
the  whole  weight  wUl  press  upon  the  centre.    Wlien 


the  arch-stones   are   si-all,  the   pressure  upon  the 
centre  is  greater  than  when  they  are  laigc. 

In  order  to  make  a  centre  sulEciently  strong  to 
support  any  part  or  tlie  whole  of  the  pressure,  the 
strains  must  not  act  very  obliquely  upon  the  sup- 
porting pieces,  and  the  magnitude  of  the  parts  must 
be  propoitioncd  to  the  stiain  upon  them.  In  order 
to  suppoit  any  part  without  a  sensible  change  of 
form,  the  parts  of  tlio  centre  must  be  so  disposed. 
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lan  the  centres  ar 

easily  managed,  and  when  it  is  possible  to  obtain 
intennediate  supports  without  great  expense,  large 
centres  are  not  difEcidt.  The  centering  of  Conon 
Bridge,  of  wdiich  the  span  is  05  feet  and  the  rise 
21  8  feet,  is  a  good  example  of  this  kind  of  construc- 
tion :  it  was  designed  by  Mr.  Tdford. 


trived  to  suit  the  general  scantlings  of  timber  so  as 
to  save  labour,  and  to  have  the  timber  in  as  useful 
a  state  as  possible  when  it  had  served  its  purpose. 
"What  I  had  in  view,"  he  says  in  his  Reports, 
"  was  to  distribute  the  supporters  equally  under  the 
burden,  preserving  at  the  same  time  such  a  geome- 
trical connexion  throughout  the  whole,  that  if  any 
one  pile  or  row  of  piles  should  settle,  the  incumbent 
weight  would  be  supported  by  the  rest.  With  re- 
spect to  the  scantlings,  I  ilid  not  so  much  contrive 
how  to  do  with  the  least  quantity  of  timber,  as  how 
to  cut  it  with  the  least  waste;  for  as  I  took  it  for 
granted  the  centre  woidd  be  constructed  of  east 
country  fir,  I  have  set  do\vii  the  scantlings,  such  a.? 
they  usually  are  in  whole  balks  or  cut  in  two  Icuglli- 
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wise."  The  arch  wliich  this  centre  earned  was  of 
stone,  its  chord  60  feet  S  inches,  versed  sine  IS  feet, 
and  width  across  the  vertex  25  feet.  The  centering 
consisted  of  5  frames  or  ribs. 

Where  intermediate  supports  cannot  be  obtained, 
centres  require  more  care  in  the  constmction.  The 
placing  of  a  load  upon  the  haunches  must  have  a 
tendencj  to  raise  the  centre  at  the  crown,  unless  the 
frame  be  so  contrived  that  it  cannot  rise  there  under 
the  effect  of  any  force  that  it  may  have  to  sustain  at 
the  haunches.  In  some  of  the  centres  constructed 
by  the  Trench  engineers,  there  was  a  change  of  form 
with  every  course  of  stones  that  was  laid  upon  them. 
Thus  in  the  centre  dcsig:ned  by  PeiTonct,  for  the 
bridge  of  Neuilly,  Fig.  297,  it  is  obvious  that  such 
a  centre  loaded  at  a  and  b  must  rise  at  c,  and  the 
timbers  being  nearly  parallel,  the  strams  produced 
by  a  weight  resting  on  any  point  must  have  been 
very  great,  and  the  consequent  yielding  at  the  joints 
considerable.  "  It  is  a  kind  of  fi-aming  well  enough 
adapted  to  support  an  equilibrated  load,  distributed 
over  its  whole  length ;  but  is  one  of  the  worst  that 
can  be  adopted  for  a  centre,  or  for  supporting  any 
variable  load.  It  must  have  consumed  an  immense 
quantity  of  timber,  and  yet  without  the  advantage  of 
The  quantity  is  crowded  into  so  small 


a  space  that  it  has  a  light  appearance,  and  con- 
sequently has  obtained  the  approbation  of  those  who 
are  incapable  of  penetrating  further  than  the  ap- 
parent surface  of  things  they  pretend  to  examine. 
The  centres  for  the  bridges  of  Kojcnt,  Cravant, 
St.  Maxence,  and  Kemours,  were  designed  on  similar 
principles,  and  were  found  to  be  equally  defective." 
Pig.  29S  represents  the  centre  of  Waterloo  Bridge, 


better  disposition  of  its  timbers,  a  load  at  A  could 
not  cause  the  centre  to  rise  at  c  without  reducing 
the  length  of  the  beam  de,  and  the  one  opposite  it. 
There  is  an  excess  of  strength  in  some  of  its  parts, 
and  it  is  complicated  in  the  extreme ;  but  on  the 
whole  it  is  a  very  judicious  combination."  "\¥here 
tunbers  meet  at  an  angle,  it  is  desu-able  to  let  them 
abut  into  a  socket  of  cast-iron,  as  was  done  in  this 
case,  Pig.  29S.  If  possible  the  prmcipal  beams 
shoidd  abut  end  to  end,  and  intersect  one  another 
as  little  as  possible,  as  every  joining  causes  some 


degree  of  settlement,  and  halving  the  timbers  to- 
gether destroys  nearly  haK  then-  strength. 

Pig.  299,  is  a  design  for  a  centre  by  Mr.  Tredgold. 
"  Let  the  built  beams  ef,  ff',  and  f'e'  be  each  tmssed 
and  abut  against  each  other  at  p  and  f'  ;  then  it  is 
obvious  that  when  the  loads  press  equally  at  dd', 
they  will  have  no  tendency  to  raise  the  beam  tv'  in 
the  middle,  imless  it  bo  not  sufficiently  strong  to 
resist  the  pressure  in  the  direction  of  its  length  : 


that  may  be  required,  a  centre  of  this  form  may  with 
a  little  variation  in  the  trusses  be  applied  with  ad- 
vantage to  any  span  which  wUl  admit  of  a  stone 
bridge.  When  timber  is  not  to  be  had  of  sufficient 
length,  the  beams  ep,  pp',  and  p'e'  may  be  built  in 
the  manner  directed  for  building  beams."  These 
beams  constitute  the  chief  support;  the  arch  is  an 
ellipse,  and  consequently  a  considerable  part  of  it 
will  bear  almost  wholly  on  the  centre.  But  if  we 
fake  the  whole  weight  of  the  ring  between  d  and  c 
and  consider  it  to  act  in  the  direction  hp  at  the 
joining  F,  it  mil  be  the  greatest  strain  that  can 
possibly  occur  at  that  point  from  the  weight  of  the 
arch-stones.  Produce  the  line  dp  to  /  and  let  i/ 
represent  the  pressure ;  di-aw  /i  e  parallel  to  the  beam 
EP.  Then  as  hf  represents  the  pressure  of  the  arch 
between  d  and  q,  he  will  be  the  pressure  in  the 
direction  of  the  beam  pe;  and  ef  the  pressure  in 
the  direction  of  the  beam  pp*  :  and  these  beams  must 
be  of  such  scantlings  as  will  sustain  these  pressures. 
Let  the  weight  of  the  arch  from  h  to  h'  be  estimated, 
and  if  two-thirds  of  this  weight  be  considered  to  act 
at  c  in  a  vertical  direction,  it  wid  be  the  greatest 
load  that  is  likely  to  be  laid  at  that  point,  and  the 
dimensions  for  the  parts  of  the  truss  fcp'  must  be 
found  so  as  to  sustain  that  pressure.  The  frame 
EDP  may  be  calculated  to  resist  half  the  pressure  of 
the  arch-stones  between  b  and  n.  Prom  d  to  c  the 
whole  weight  of  the  arch-stones  together  with  the 
weight  of  the  centre  itseK  may  be  considered  as 
acting  in  a  vertical  direction  at  e,  and  the  supports 
at  GE  should  be  sufficient  to  sustain  the  action  of 
this  pressure. 

Perronet's  general  maxim  of  construction  was  to 
make  the  truss  consist  of  several  courses  of  separate 
trusses,  independent  as  he  supposed  of  each  other, 
and  thus  to  engage  the  joint  support  of  them  all. 
This  centre  consisted  of  a  number  of  struts,  set  end 
to  end,  and  forming  a  polygon.  The  tnisses  were  so 
arranged  that  the  angles  of  one  were  in  the  middle 
of  the  sides  of  the  next,  as  when  a  polygon  is  in- 
scribed in  a  circle,  and  another  of  the  same  number 
of  sides  is  circumscribed  by  lines  which  touch  the 
circle  in  the  angles  of  the  inscribed  polygon.     By 


this  construction  the  mglcs  of  the  altennto  tiusbos 
he  m  hnes  i  omtmg  towaids  (lie  centre  of  the  cui\e 
King  posts  \\cie  theiefoie  phecd  m  tlus  diiectnn 
between  the  adjoining  l)"ims  of  the  tiusses  These 
king  posts  consisted  of  two  beims,  one  on  each  side 
of  the  truss  lud  embiaecd  the  tiuss  btims  bctMccn 
them  meeting  m  the  middle  of  the  i  thicloicss  11  e 
abutting  beams  weie  n  oitiscl  I  11  into  eaeh  hilf  of 
the  p  st  The  othci  be  m  ■nliieh  1  mod  tlie  b  ise  of 
tho  tinni^lc  pissed  thiou  h  tic  j  ost  lud  i  stiong 
bolt  WIS  dincn  thiou"h  (lo  joint  in  1  socuied  bv 
a  key  oi  i  nut  In  llus  miunci  the  -nhole  wis 
united,  and  it  was  expected  that  \\hen  the  loal  wab 
laid  on  the  uppermost  tiuss  it  xiould  all  butt  tog  th  i 
fiienig  do\VTi  the  kmg  posts  ml  thcrcfoie  pic 
11  L  1  on  the  beams  of  ill  tl  e  mfciioi  tius  sen 
tlf  a  also  to  abit  on  cich  ftlei  ai  1  tl  s  tu  1 
a  shai      1  tl     1     1      11  thod  ot  conbhuet 


th 


II 


sscd  1 


efulli    I 
fliot  volume  ol  1 


System         1  1 1  y 

Thisc  1    1  modified  wa^ustll 

Puionet  loi  the  ctiittun^  ot  Ihc  Budge  of  Neiuily 
fl  e  aieh  has  120  leet  span  and  ^0  ftct  rise  is  5  feet 
thick  an  1  IS  remaik  iblc  foi  the  flatness  of  its  ciown 
The  fianos  ot  the  ccnfeuug  w  le  C  eet  apait  anl 
each  cairicd  an  ibsnlutc  lo  d  of  350  tons     The  stiut 


bi.ans  weie  17  by  14  mches  m  soxiitUng     The  kmg 

posts  weie  of  15  by  9  each  half    and  the  hoiizontal 

bridles  whieb  bonnd  tlie  diffeient  fnmes  t      tl    i  i 

five  1  laces  weie  also  15  by  9  each  hall 

8  other  horizontil  bmdeis  of  9  mehc 

the  stiffness  of  the  frammg  depended 

verse  stiength  of  the  beams  caio  -n 

weaken  them  by  bolts     1   I  1 

the  fiammg  sunk  upwards     i    I  II 

key  stones  weie  laid    and  d  I     |  II 

work  the  eiown  lose  and  s         1  > 

the  loading  was  extended  along  it     ^\  I 

weie  laid  on  each  side  and  ab  ut  16  I 

ciown  of  each  fiarae  it  sunk  about  an  i  \ 

40  courses  wcie  laid  and  the  ciown  ha  I   1  \     1      (i 

tons  it  Slink  ibout  half  an  mch  mort      It  eoi  fi  ined 

ill  king  as  the  woik  advanced  and  when  the  key   tone 

was  set  it  had  sunk  13^  mches     But  this  smkuig 


was  not  geneial  on  the  contiary,  the  frime  had 
iiseii  gieatlv  at  tl  c  h  mnehes  so  as  to  open  the  iipj  cr 
pait  of  the  jomts,  many  of  ^^hleh  gaped  an  inch,  and 
this  opening  of  the  jomts  giaduaUy  extended  fiom 
flio  haunches  towaids  the  eiowu  m  the  ncinhboni 
hood  of  which  they  opened  on  the  nndei  side  Tlus 
evidently  arose  fiom  a  want  of  stiffness  m  the  fiame 
But  these  jomls,  closed  agun  ^lien  the  centics  wcic 

Di  Robison  icmrks  thit  the  movements  and 
twistmg  of  this  centie  seem  to  mdicite  a  deficicnev 
not  only  of  stiffness  but  of  abutment  amo  ig  the 
tiuss  beams  The  vvhole  was  too  flexible  beeiiiso 
This  aiiscs  fiom  then 


T 


1  then  ' 


The 

1  ait  ul  the  aieh  si  U  be  s  j  i  ittd  by  a  sm  ^lo  tiuss 
of  two  legs  lesting  one  on  each  pioi  The  exteuor 
jomts  aie  strcnotbcned  and  the  luig  made  as  stiff  as 
possible  by  pion  iicccs  fiom  the  ends  of  each  ol 
which  piocecd  the  two  le^s  of  the  tiussos  The  c 
le£;s  R  13  inches  sqnaio  they  aie  not  ot  an  cntue 
1  e  1  t,  ot  several,  meetuig  in  film  abutment 
s  p  I  tl  1  ectiBgs  aie  secured  by  the  double 
k        I  I     h  grasp  them  fiinily  betvv  ecu  them 

I  1  111  thei  by  bolts  At  othci  mtci  sections 
the  be  s  11  I'll  babed  mto  each  othci ,  apiactiee 
which  must  weaken  them  ind  would  endangei  then 
bi caking  by  eioss  stiams  if  it  weie  possible  foi  the 
frame  to  change  its  shape  But  the  ^icat  bicadth 
of  this  frame  is  an  effectual  stop  to  any  such  change 
INo  smkmg  or  twistmg  was  obseived  duimg  the 
piogiess  of  the  imson  Moik  Ihiee  points  m  a 
straight  Ime  weie  maikc  1  on  piuj  ose  foi  this  obsei 
\ation  and  weie  obseived  every  diy  The  aich  was 
moie  than  6  feet  thick  and  yet  the  sinking  of  the 
crown  bcfoie  setting  the  key  stones  did  not  amount 
to  one  meh  This  centie  employs  moio  timber  than 
Penonct  s  but  is  m  eveiy  way  stronger 

But  with  cvciy  caie  m  the  eonstiuotion  of  eenties 

i!        IS  alvinys  a  sinking  m  the  ciown  of  the  aien 

i       1    1  laon  dcsciibes  this   m   his    peeuliaily  lucid 

lie   says  —    By  giadually   withdi  romg 

ermg  the  jomts  close,  the  arch  stones  begin 

1  ft  on  each  othci  and  to  foico  aside  tl  e  lateral 
CO  uses  This  abutment  giadually  mcie  i  in  tlie 
pressme  on  the  haunehes  of  the  centeiing  is  ^i  lually 
dm  inisl  cd  bv  the  mutual  abutment  and  ceases  cu 
t  t       r     1  e  which  IS  the  lowest  that  foi  mi 


m  the  e 
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lift  up  that  part  gradually  before  it  come  agaiu  in 
contact  with  the  haunches.  It  is  evident  therefore 
tii-if  'Ml  :>r(-h  I'liii!-  f"!  :i  ff-iifrp  perfectly  suited  to 
r-i:'  '■:'''■:!,  ■  ;'i  ■■  'I.  ■:!  '  ,|,iilibrio  when  the  cen- 
ii  ;  1  :   lore  necessary  to  form 

iln-^MiTi-'  III  M.u,:  M  11  :.r,  I  by  raising  the  crown,) 
that  it  .-^liaH  leave  the  nrrli  ot  a  proper  form.  This  is 
a  very  dulicate  task,  rcquii'ing  a  previous  knowledge 
(if  the  eusiiiug  change  of  form.  But  suppose  this 
attained,  there  is  another  difficulty.  TPMe  the  work 
advances,  the  centering  is  warped  by  the  load  laid 
upon  it,  and  continually  increasing  on  each  side.  The 
first  pressxu-e  on  the  centering  forces  down  the 
haunches  and  raises  the  crown.  The  arch  is  therefore 
less  curved  at  the  haunches  than  is  intended:  the 
joints  however  accommodate  themselves  to  this  form, 
and  are  close  and  filled  with  mortar.  When  the 
masons  approach  the  middle  of  the  arch,  the  frame 
sinks  there  and  ribcs  up  at  the  haunches.  This  opens 
aU  the  joints  in  that  place  on  the  upper  side.  By  the 


but    ih,      l.c.u.      I   I   ,1...„1U1   1.1,1..     l.,iJ_K.lb.,iUc,b 

of  Neuilly  and  ol  iLuiiz.  lu  thib  Lbt  one,  fhcciov\u 
sunk  above  a  foot  before  the  key  was  set,  and  the 
joints  at  the  haimehes  opened  more  than  an  inch  al/ove, 
whUe  some  nearer  the  crown  opened  nearly  a  quarter 
of  an  inch  ie/ow.  In  this  condition  of  things  it  is  a 
delicate  business  to  strike  the  centering.  Were  it 
removed  in  an  instant,  all  woidd  probably  come  down, 
for  the  arch-stones  are  not  yet  abutting  on  each  othci , 
and  the  joints  in  the  middle  are  open  below.  "  Pi  i 
ronet's  method  was  to  begin  to  detach  the  centering 
at  the  very  bottom  on  each  side  equally,  where  tliL 
prcssui'c  on  the  centering  is  very  slight.  He  cut 
away  tlie  blocks  immediately  under  each  arch-stone, 
and  proceeded  gradually  upwards  in  this  way,  till  all 
was  detached  that  had  been  put  out  of  shape  by  thi 
bending  of  the  centering.  This  being  no  longer  suji 
ported,  suidc  inward  till  it  was  stopped  by  tin 
abutment  Mhich  it  found  on  the  arch-stones  near  tlic 
crown,  vv  Inch  were  still  resting  on  their  blocks.  During 
part  of  this  process,  the  open  joints  opened  still  more, 
owing  to  the  removal  of  the  load  from  the  haimehes 
of  tlir  r.-iifni,K.  This  allowed  the  crovra  to  sink 
^'i''    '  I      '   iMpg  out  the  arch-stones   at  the 

'ill  1 1         '    i>aused  some  days,  and  during 

t'  '    I'liphc^,  u(i\v  hanc-iug  in  the  ail-, 

-I    '  I  1  r     M  I'l  iinj,  theirouter 

till  I  1  .11  lb  I  ,  1  |ii  1.  1  1,  IK  1  |\,  destroying 
tlic  blocLs  and  luiiluiii.j'  nf  i]u,-.r  upjirr  arch-sfones. 
As  soon  as  the  support  of  one  was  destroyed,  it  im- 
mediately yielded  to  tlic  pressure  of  the  haunch ;  and 
if  the  johit  bfhMen  It  and  the  ndjoinmg  one  toward 
lhoero\\ii'i  |.i    i     ll     '  ii,  whether  on  the  upper 

"rthe  mil  i  '.Iv  closed  on  it.     But 

in  fhis   Ml,  ,  iliit   every  stone  sank  a 

little  while  u  .  1,,m  d  i,ii  iib  ueii;hbour,  tending  to  pro- 


duce the  deformity  of  a  ragged  soffit.  They  were 
therefore  not  allowed  to  sink  so  much.  In  the  places 
of  the  blocks  and  bridgings  wliich  had  been  cut  away, 
small  billets  were  set  standuig  on  their  ends  between 
the  centering  and  the  areh-stones.  These  allowed  the 
pendidous  areh  to  push  toward  the  crown  without 
sensibly  descending ;  for  the  bidets  were  pushed  out 
of  the  pei-pendieular,  and  some  of  them  tumbled  down. 
Proceeding  in  this  way,  he  advaneod  to  the  very  next 
course  to  the  key-stone  on  each  side,  the  joints  closing 
all  the  way  as  he  advanced.  The  detaching  the  three 
uppermost  courses  from  the  ecutering  was  mobt 
troublesome;  for  the  whole  elasticity  of  the  centre 
was  trying  to  unbend  and  pressing  hard  against  them. 
They  were  found  to  be  lifted  up;  for  the  joints  beyond 
them,  wliich  had  closed  completely,  now  opened  again 
below:  but  this  was  finished  in  one  day,  and  the 
centre  sprimg  up  2  or  3  inches,  and  the  whole  arch 
sunk  about  fl  inches.  This  was  an  anxious  tune," 
says  Dr.  Robison,  "for  he  dreaded  the  great  mo- 
mentum of  such  a  vast  mass  of  matter :  it  was  hard 
to  say  where  it  would  stop.  It  stopped,  however,  very 
soon,  settling  slowly  as  the  mortar  was  compressed, 
and,  after  one  or  two  days,  settling  no  more.  This 
settling  was  very  considerable,  both  in  the  bridge  at 
NeuiEy  and  in  that  at  Mantz.  In  the  former,  the 
sinking  during  the  work  amounted  to  13  inches.  It 
sunk  6  inchc  more  w  hen  the  blocks  and  bridgings 
were  1 1'  .  i  •  ,1V  mIicu  the  small  standards 
were  ih   ii  i  I  '  i    >ic  next  day;  so  that  the 

whole  '^ii  I  I        1       I  ildus  arch  was  9 J  inches, 

be--iili  ^  >  I  I  b\  the  bending  and  com- 

I         inking  of  the 
I  I         .'11^    inches,  of 


bending  of  the  eentLuiig." 

After  the  centres  of  the  arches  of  the  Pout  de 
Ncuillv  had  been  caiicd  in  the  manner  described,  the 

1         ,'  I    fl    1,1.  -iiM,.,'.    ,,„i„ved,   in  the 

,1  together,  as 
1',  11  11,  1  1  I.  lb  b~i  .  1  1  ,  11  iquence  of  the 
pievuipc  of  loyalty.  The  ^^llole  fnimed  a  sort  of 
coiqi-clc-spectucle  of  a  very  striking  kind.  Perronct 
describes  minutely  the  arrangements  made  for  the 
occasion,  and  gives  an  animated  view  of  the  scene  as 
it  appeared  on  the  22d  September,  1771.  To  render 
the  manoeuvre  more  interesting,  it  was  arranged  that 
all  the  frames  of  each  arch  shi.uld  be  made  to 
faU  in  sueeessinn,  ^,IlliM  i  f  niinutes.  Pot 
this  purpose,  ropi  ib,   frames,  and 

were  drawn  tight  b.  ,  ^.mie  distance 

on  the  land  (sec  Fi_  ,i  1  i  \  i  i  n  Aore  placed  at 
each  capstan,  one  of  whom  buperuitcndcd  the  arrange- 
ment of  the  ropes,  and  another  dii-ected  the  motion  ol 
the  capstan,  each  turn  of  which  was  regulated  by  the 
sound  of  drums.  In  this  way  the  frames  were  all 
pulled  down  in  Z\  minutes.  The  fall  of  such  a  vast 
quantity  of  timber,  which  weighed  at  least  720 
milliers  for  each  arch,  caused  the  water  to  rise  in 
foam  upon  the  bridge.    The  arches  were  thus  com- 
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it  occasioned  gieat  suipiibe  to  <;ce  all  i 
frammg  sudlenly  fxU  down  t;v1uc1i  an 
seemed  necessary  to  tlio  suppoit  of  tli 
kmg  in  letuming  to  Alaily  passe  I  in  a  c 

T  budge  llie  spectacle  can  e  oft  \Mtlio  t  a  ) 
accident  and  a  niedrl  was  sducL  to  commemorate 
tlie  occasion 

4  rie     cJes   ^\^  1 

md  p  01  eily  sec  i     1 

'  e  next  step    Tl  t 


i^ 


t  to  s 


1  the  n 


iitai 


I   he 


1  the  ■< 


I  1 


tl 


of  the  curvature  it  is  usual  to  lay  a  capping  stung 
01  coidou  the  slight  piojection  of  \^hich  coveis  any 
small  inaccuracy  ui  setting  out  or  cauymg  up  the 
abutments  and  pieis  The  form  and  dimensions  of 
the  arch  stones  aie  of  the  gieatest  impoitance  These 
ha^e  been  gicatly  vaiied  m  different  woiks  The 
Fiench  1  ave  used  vciv  deep  aieh  stones  -nhioh  m 
coi  junction  with  then  wide  noitar  joints  has  con 
tiibuted  to  the  gieat  smking  of  their  arches     The 

1  itl     f  11  It  t  1lecl0^vnlnt  e  budges 

1  I  t     In  Blacktmr«  and 

W  I   1      1  till  lis  fiom  2'  to 

I  fhiy  aie  louder  as  the 

II  1  kel  and  set  exactly 
t  tl  c^  aie  ajt  to  b  k  when  the  weight  cones 
upon  tneni  and  when  si  orte  theie  is  not  sufficient 
■^pace  to  ovcilap  oi  b  c  ik  the  joints  j  lopcily  Each 
couise  should  be  of  equal  th  ckness  q  ute  through 
between  the  headers  Tl  e  thicluics  of  each  cou  se 
sho  lid  be  fiom  one  thud  to  one  halt  tl  en  del  th  and 
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btiuek  with  %  nuid  two  oi  three  good  bl  ws      11  e 

joints  of  the  he  dcis  sho  dd  be  ot  e  p  1  thickness 

I  1  tl     L     f  (1  L  otl  a  stones  in  the  s  ne  c  uise 

I  1         01  s,  by  lijuig  tie  headeis  with 

I  r  show  of  hnc  woik  fiequcntly 
1  iiessuie  wluch  b  iisto  oi  silinteis 
I  I  t  the  interioi  aieli  st  ncs  come  to 
n  c  lu  d  beaiing  In  setting  tl  c  arch  stones  each 
course  must  point  m  the  diiection  of  tl  e  ladius 
and  that  the  norknan  nay  do  tl  is  roiiecfly  tie 
thickne<!S  of  each  com  so  shoidd  be  nniked  upon  t  e 
outei  libs  audits  hue  of  diieetion  iqon  the  lo  ei 
lait  ot  the  beams  of  the  same  ribs  The  couises 
n  list  d^o  be  caruei  equally  on  each  side  of  the 
ccntie  and  the  inasoniy  ovei  the  sol  d  pait  of  eacli 
piei  in  the  spandiels  list  also  be  earned  uri  It  is 
sometunes  necessaiy  to  phee  a  tempoiaiy  wei^l  t 
upon  tie  eiown  of  the  ccntie  iiitd  the  loid  ap 
pi  caches  the  in  d  Ue  Th  s  is  done  m  Jig  300  If 
the  aiches  are  flat  one  side  of  the  pei  must  not  1  e 
exposed  untd  it  hav  Ih  1 1  w  "-1 1  upon  it  oi  is 
guaided  by  res   I  I         |  |      I        le      At  the 

bulge  of  Mant  |  fi  ncaiscl 

one  of  the  pic  I       oi  t  of  tl  e 

leiieilicular     11  |      1    sile  itws 

The  keystones  slioul  I  be  diiv  en  w  ith  model  ate  foice 
so  as  to  fill  then  places  fin  ly  T\l  en  this  is  done 
ill  the  back  and  end  jomts  of  tl  e  whole  aich  shoul  1 
be  caiefully  exan  med  and  all  vacancies  lun  fdl  of 
inoitai  and  flimly  wedged  with  slates  Tl  e  wl  ole 
si  ould  tl  en  be  left  for  some  tin  e  to  dry  an  I  get 
liaid  Meanwhde  the  masoniy  shoull  lo  biovglt 
up  m  the  sj  andiels  to  the  level  of  boi  t  one  fouith  of 
the  use  of  the  aicli     This  was  forneily  and  is  now 

II  e  bc       t  1  1 1 1    V  ik     Tl  e  outside  atones 
I  cauic  1  up  to  the  same 

1  tones  they  aie  stepped 
1  It  nitd  the  ceiitie  is 
I  cl  se    p  f )  the  hack  of 


the  arch-stones,  the  least  sinking  ot  the  arch  would 

When  the  centres  are  removed,  the  soffit  of  the 
arch  is  carefully  examined,  and  the  joints  pared, 
cleaned  out,  and  pointed.  The  chamfered  or  rustic 
joints  prevent  the  edges  from  chipping,  and  cover  any 
trifling  inequality,  so  that  the  cross  joints  only  require 
paring. 

5.  Tlte  spandrels  and  wing-walls.  The  spandrels  of 
a  bridge  are  the  spaces  between  the  haunches  of  an 
arch  and  its  vertex  at  the  estrados  of  the  roadway. 
When  the  arches  are  completed,  the  points  of  the 
piers  are  brought  up  and  finished,  at  some  distance 
above  high-water  mark,  by  sloping  them  back  to  the 
face  of  the  spandrel,  in  a  triangular  or  circular  form, 
or  otherwise  disposing  them  to  receive  columns, 
pilasters,  or  turrets.  The  latter  act  as  buttresses,  as 
well  as  ornaments,  and  contribute  to  the  stability  of 
the  superstructure.  The  spandrels  are  finished  in 
various  ways  :  in  some  of  the  old  bridges  they  were 
filled  up  vrith  earth  or  gravel.  In  small  bridges,  the 
masomy  should  be  brought  up  to  the  level  of  about 
one-fourth  of  the  rise  of  the  arch,  and  then  be  sloped 
up  to  the  top  of  the  back  of  the  arch-stones,  and  the 
remaining  space  CUed  up  with  gravel  or  stone  rubbish. 
In  large  French  bridges  they  have  been  filled  up 
entirely  with  rubble  masonry ;  but  Mr.  Telford  ob- 
jects to  this  as  throwing  unnecessary  weight  upon  the 
arches.  To  remedy  this,  openings  have  been  made 
quite  through,  as  in  Fig.  294,  and  kept  open  or  con- 
cealed, or  vaults  hnvc  born  constnic^cri,  to  lighten 
the  piers  which  ?':■'-    -     -'  ''  '     ,i. 

Fig.  302  shov.'<  tl  ::i 


the  Orleans  Bridge,  and  Fig.  303  that  in  Blackfriars 
~  ■ '  ^lut,  as  these  arches  are  easily  deranged  by 

any  settlement  of  the  main  arch,  a  better  plan  is  to 
build  waUj  longitudinally,  2  or  3  feet  apart,  and  from 


Fig.  303. 

1 8  inches  to  3  feet  in  thickness :  founded  upon  the  solid 
rubble  masomy,  and  increasing  in  length  as  they  ad- 
vance in  height,  they  rest  upon  and  abut  against  the 
backs  of  each  row  of  arch-stones,  and  act  as  struts 
between  them.  These  walls  are  kept  steady  by  laying 
long  stones  occasionally  across  from  one  wall  to 
smother.    The  outside  spandrel  walls,  running  parallel 


with  these,  and  being  coimected  with  them  by  long 
stones,  become  a  part  of  the  general  frame.  These 
walls  are  carried  up  to  near  the  level  of  the  top  of  the 
arch-stones,  where  they  are  covered  with  two  rows  of 
flat  stones,  or  the  openings  are  arched  over.  Small 
openings  are  made  in  the  walls  upon  the  top  of  the 
rubble  masonry,  through  which  any  water  that  may 
fall  into  the  spandrels  is  conducted  to  one  pouit,  where 
it  issues  through  a  pipe  inserted  in  the  arch-stones. 

The  outside  walls  are  usually  made  thicker  than 
the  interior :  they  are  faced  with  square  masonry, 
and  have  a  rubble  backing;  the  whole  thickness 
being  about  one-fifth  of  its  height.  When  these 
walls  aie  very  high,  a  wall  is  also  built  along  the 
middle  of  the  piers  and  abutments  which  cross  each 
other,  and  into  which  they  are  tied  by  bond-stones  or 
pieces  of  timber  laid  at  about  every  six.  feet  in  height. 
When  these  spandrels  have  been  brought  up  to  the 
level  of  the  top  of  the  arch-stones,  they  are  dressed 
into  the  slope  which  it  is  proposed  to  make  the 
roadway.  Here  there  is  usually  laid  a  cordon  and 
cornice,  extending  along  the  whole  of  the  arches, 
spandrels,  and  wing-waEs.  Its  upper  course  should 
be  of  sufficient  breadth  to  allow  for  the  projection, 
and  to  pass  quite  through  under  the  parapet,  which, 
by  standing  upon  it,  will  keep  it  secm-e.  The  upper 
side  of  the  projecting  part  should  have  a  slope  or 
weathering,  to  throw  off  the  water. 

The  wing-walls  behind  the  abutments  are  sometimes 
laid  at  the  same  depth  as  the  abutments,  and  are 
similarly  secured  by  piles  and  platforms,  li  the 
ground  be  fii-m,  they  are  founded  by  steps,  rising  up 
as  they  retreat.  This  saves  much  masonry.  Their 
thickness  is  from  about  one-fourth  to  one-fifth  their 
height.  When  very  long  and  high,  a  cross-wall 
I  should  be  buUt,  reacliing  between  them,  into  which 
'  they  should  be  tied.  The  wing-walls  should  terminate 
in  newells  or  pilasters. 

6.  Tlie parapets  usually  consist  of  a  plmth,  dado,  and 
coping.  They  are  made  from  3^  to  6  feet  in  height 
above  the  footpaths  or  roadway ;  but  4  feet  4  inches 
is  sufficient  for  protection  and  decoration,  and  is  not 
too  high  to  obsti-uct  the  view.  The  dado,  or  middle 
member,  is  about  10  or  12  inches  thick,  but  some- 
times more ;  the  plinth  so  much  more  than  this  as  to 
leave  an  ofi^set  of  about  an  inch  on  each  side.  The 
coping  is  usually  made  to  slope  each  way  from  the 
middle.  Balustrades  are  sometimes  introduced  in- 
stead of  the  dado;  and  in  some  cases,  as  where  a 
bridge  is  exposed  to  violent  gusts  of  wind,  there  are 
only  half-balusters  on  the  outside,  the  inside  being 

7.  The  roadway.  Gauthey  remarks  tnat  most  of 
the  bridges  erected  before  the  eighteenth  century 
were  built  with  a  view  to  economy,  both  with  respect 
to  the  style  of  building  and  the  degree  of  breadth 
allotted  to  them,  since  the  most  considerable  scarcely 
allow  room  for  two  carriages  to  pass  abreast.  The 
bridges  of  Paris  are  for  the  most  part  veiy  wide ; 
but  this  extent  was  given  to  them  solely  with  a  view 
to  erect  two  rows  of  small  houses  on  their  sides, — a 
cii-cumstance  which  must  naturally  have  produced  ?. 
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very  narrow  thorouglifare.  In  modem  bridges,  the 
cdurenienee  for  traffic  is  very  properly  the  first  con- 
sideration; a  proper  space  being  allowed  for  foot 
passengers,  and  another  and  larger  space  for  horses 
and  whcel-caniages. 

When  the  spandrels  have  been  covered  by  arches 
or  flat  stones,  the  foundations  for  the  footpaths  arc 
built  witn  rabble-stone  for  the  outside  curbing.  Tiiis 
should  be  of  hai-d  stone,  set  in  lime-mortar.  The 
space  between  the  curbing  and  the  parapets  should 
be  paved  with  hard  flag-stones,  laid  in  lime-mortar 
upon  a  bed  of  coarse  sand  or  clean  gravel.  The 
breadth  of  the  footpaths  may  vary  from  3  to  C  feet, 
or  more.  If  the  carriage-way  is  to  be  paved,  there 
shoidd  be  laid  upon  the  covering  of  the  spandrels  and 
over  the  top  of  the  arches  a  bed  of  gi'avcl,  mixed  ^vith 
loam,  from  12  to  IS  inches  in  thickness,  worked  with 
water  into  the  consistence  of  mortar.  AYlien  this  has 
become  moderately  firm,  squared  paving-stones  are 
set  and  well  beaten,  making  a  cm-ve  across  the  road 
of  0  inches  in  2-1  in  breadth,  and  that  ciuve  should 
be  terminated  by  sinking  4  Liiehes  more  in  the  distance 
of  2  feet  from  the  inclined  plane  formed  along  the 
outer  edge  of  the  eui-bing-stones.  But  if  the  road- 
way be  oidy  of  gravel,  it  must  be  laid  22  inches  in 
depth  in  the  middle,  and  IS  inches  near  the  sides. 
The  gravel  should  be  mixed  with  a  Kttle  loam,  to  con- 
solidate it,  and  exclude  water.  A  gutter  of  small 
squared  stones  should  be  formed  on  each  side  of  the 
roadway,  to  cany  off  the  water.     This  in  .all  cases 


should  be  conducted  beyond  the  extremity  of  the 
wing-walls,    and  got   rid   of  in   covered  drains   or 

Respecting  the  decorations  of  a  bridge,  Mr.  Telford 
sensibly  remarks  : — "The  decorations  should  be  varied 
according  to  the  situation  and  accompaniments.  In  the 
country,  the  utmost  simplicity  consistent  with  di.stin- 
guishing  the  essential  parts,  should  be  preserved ;  and 
even  in  the  most  splendid  cities,  or  adjacent  to  palaces, 
all  decorations  should  be  kept  perfectly  subser\-ieut  to, 
and  in  unison  with,  the  essential  parts.  The  neglect 
of  this  is  a  frequent  error  in  designing  bridges. 
Columns  and  entablatures,  though  proper  in  a  Grecian 
temple,  are  ill  suited  to  an  edifice  where  forms  un- 
known to  the  Greeks  are  the  leading  features.  As 
columns  can  only  be  placed  over  the  piers  and  abut- 
ments, the  entablature,  intended  to  represent  beams 
of  timber,  cannot  be  supposed  to  be  wholly  upheld  liy 
supports  placed  at  such  great  distances  from  each 
other.  And  the  introduction  of  columns,  in  place  of 
carrying  up  the  piers,  deprives  the  superstructure  of 
powerful  buttresses,  in  situations  where  they  woidd 
prove  very  beneficial.  The  affectation  of  preserving 
the  entablature  upon  a  perfect  level,  has  led  to  making 
the  roadway  along  the  bridge  also  level,  which  is 
nothing  less  than  constructing,  at  a  vast  expense,  a 
piece  of  road,  more  imperfect  than  what  is  formed  by 
the  common  labourer  in  the  open  country;  and 
besides,  this  mode  of  construction  gives  an  appear- 
ance of  feebleness  to  the  outlines  of  a  bridge."  ' 
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|Waterloo^Bridge:over'the| 

Zl::: 

Rennie. 

fGloucester^Bridge,  overl 

Telford. 

1  London  Bridge,  over  thei 

Rennie 

(Bridge  over  fie  Dee,  at; 

Sandstone 

Hartley. 

j     Wes'terTRaiTwayacross 
the  Thames,  at  Maiden- 

Brunei. 

The  above  Table,  from  Mr.  Law's  "Rudiments  j  now  generally  prefeiTed,  as  the  elliptical  arch  can  be 
of  Civil  Engmeering,"  contains  the  proportions  and  made  of  any  height  to  the  same  span,  or  of  any  span 
dimensions  of  some  important  bridges  in  Eui-ope :  !  to  the  same  height,  while,  at  the  same  time,  its 
it  gives  the  radius  of  curvature  of  the  main  ^  haunches  are  sufficiently  elevated  above  the  water, 
arch  at  its  soffit,  the  depth  of  the  keystones,  and  i  even  when  it  is  rather  flat  at  the  top, — a  property 

the   materials   of  which  they  are   composed.      In    ^ 

these,  as  in  most  other  examples,  the  form  of  the  j 
aroh  is  either  cii-cular  or  elliptical ;  but  the  latter  is 
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which  the  other  cuives  used  for  bridges  do  not 
possess  in  the  same  degree.  This  property  is  also 
the  more  valuable  because,  after  the  centre  is  stnack, 
the  arch  settles  more  about  the  haunches  than  the 
other  parts,  by  -n-hich  the  other  curves  are  reduced 
near  to  a  straiglit  liae  at  the  top.  Elliptical  arches 
also  look  bolder,  and  are  really  stronger,  although 
they  requii-e  less  materials  and  labour  than  the  others. 


The  flattest  stone  arch  of  large  size,  of  which  the 
tangent  of  the  curve  at  the  springiug  is  at  riglit 
angles  to  the  chord  or  span,  is  in  the  bridge  of  the 
Triuita  at  Elorence.  The  span  of  the  central  arch  is 
95i  feet,  and  the  rise  15  feet  li  inch,  or  a  little  more 
than  -^ths  of  the  span.  It  is  built  of  marble ;  and 
no  observable  settlement  has  ever  taken  place  in  it, 
or  in  either  of  the  other  two  arches,  -n-hich  carry  ihf 


tlirust  up  to  the  abutments.  The  flattest  brick  arches 
of  large  size  are  those  of  the  bridge  that  carries  the 
Great  Western  Railway  over  the  Thames,  at  Maiden- 
head. These  are  semi-elliptical  in  form,  and  of  12S 
feet  span,  and  24^  feet  rise.  The  abutments  are 
stepped  on  raking  benches  on  the  chalk  stratum  upon 
-which  they  stand ;  and  the  resistance  thus  obtained 
appeal's  to  be  sufficient.  Mr.  Law  remarks,  that, 
taking  into  consideration  the  materials  of  which  it  is 
composed,  this  bridge  is  certainly  the  boldest  which 
has  ever  been  constructed,  the  actual  pressure  at  the 
Mown  of  the  arch  being  about  one-third  of  that  which 
would  begin  to  injure  the  cohesive  strength  of  the 
material  of  which  it  is  composed.  "  And  although 
the  constniction  of  this  bridge  has  sho-wn  that  it 
is  practicable  to  approach  much  closer  to  the  load 
which  would  cause  fail'u-e  than  had  before  been  con- 
sidered safe,  it  is  questionable  how  far  prudence 
would  warrant  such  an  approach  iu  ordinary  cases ; 
especially  when  we  consider  how  many  accidental 
circumstances  may  deteriorate  the  stability  of  the 
arch,  to  guard  against  which,  it  seems  desirable 
that  a  much  wider  margin  should  usually  be  given, 
and  that  the  gi-eatest  load  upon  the  keystone  should 
not  be  greater  than  ^^th  of  that  which  would  beffi/i 
to  crush  its  material,  ui  bridges  exposed  to  only  ordi- 
nary traffic ;  and  in  those  which  are  continually  ex- 
posed to  the  tremour  and  vibration  occasioned  by  a 
continuous  and  very  heavy  traffic,  not  more  that  5V th." 

Section  TV. — On  Timbee  Bridges. 
The  oldest  wooden  bridge  on  record  is  the  bridge 
of  Sublicius,  which  existed  at  Rome  500  years  B.C. 
[t  is  celebrated  for  the  combat  of  Horatius  Codes,  a 
Roman  kuight,  who  saved  tlie  city  by  his  noble 
defence  of  this  bridge.     It  is  stated  to  have  been 


liut  togcthcT  witliout  iron  or  nails.  A  wooden  bridge 
was  erected  by  Julius  Caesar  for  the  passage  of  his 
army  across  the  Rhine.  The  passage  was  eifected 
ten  days  after  they  began  to  carry  the  timber  for  its 
erection.  The  bridge  built  by  Trajan  over  the 
Danube  appears  to  have  been  of  timber,  except  the 
piers,  wliich  were  of  stone.  The  roadway  seems  to 
have  been  supported  by  three  concentric  curved  ribs 
of  timber,  cormected  by  radial  pieces.  There  were 
20  or  22  stone  piers,  and  each  wooden  arch  was  above 
100  feet  span. 

In  the  middle  ages,  when  men  began  to  establish 
bridges  on  the  passages  over  the  principal  rivers,  it 
was  customary  to  erect  piers  15  to  20  feet  apart, 
consisting  of  one  or  more  rows  of  piles.  They  were 
defended  by  a  kind  of  jetty  to  break  the  ice,  which 
also  served  to  protect  them  from  the  shock  of  bodies 
borne  down  by  the  current ;  frequent  repairs  were, 
however,  required,  and  the  accumulation  of  matters 
against  the  piles  blocked  up  the  water-way,  and 
the  bridge  became  incapable  of  resisting  the  pressure 
of  water  in  the  time  of  liigh  floods.  In  these 
early  times  of  modem  bridge-building,  abundance 
of  material  was  used,  without  much  skiU  in  its 
arrangement ;  but  in  places  not  subject  to  floods,  and 
in  situations  where  the  piers  could  be  kept  light,  more 
elegant  structures  were  erected.  A  bridge  bmlt  by 
Palladio  over  the  Brenta,  near  Bassano,  is  a  good 
example  of  this  kind  of  bridge.  This  great  architect 
has  given  several  designs  for  bridges,  which  have 
been  adopted  in  later  times.  He  appears  to  have 
been  the  first  among  the  modems  who  attempted  that 
species  of  construction  which  renders  numerous  piers 
imnecessary,  thereby  avoiding  the  shock  to  the  timber- 
-work  of  bodies  carried  do-wn  by  the  current.  His 
bridge  over  the  toiTcnt  of  Cismone,  near  Bassano, 


mihi  to  the  iicli 
I  I  I  iiUe, — a  principle  that  his  smco 

i  1  jited,   both  m  timber  and  in 

One  of  the  best  modem  methods  of  constiuction 
IS  that  of  foimiug  cuived  ribs  for  the  suppoit  of  tlie 
roadway  This  method,  introduced  by  JIi  Puce,  is 
thus  descubed  by  Tiedgold  "  He  pioposcs  the 
cuned  ub  to  rise  about  one  sri.thof  the  opcnu  g  and 
to  (li\ide  it  into  a  convenient  nuinbci  of  equal  paits 
aeeoidiug  to  t'  e  span,  oi  to  suit  the  lengths  of  the 
timbci  Toi  a  budge  of  36  feet  span,  he  proposes  to 
make  the  ribs  of  oak,  m  fi\e  lengths,  and  3  inches  m 
thickness  ,  each  ub  to  consist  of  two  thicknesses,  one 
12  inches  deep,  and  the  other  9  inches  deep ,  the 
joints  crossed,  and  the  thicknesses  keyed  together 
with  wooden  keys  Two  of  these  ribs,  with  joists 
framed  between,  he  says,  will  be  sufhoieiit  foi  the 
roadway  "  This  method  of  constiuction,  which  h  i 
been  biought  to  considerable  peifection  in  German\ 
Amouea,  and  othoi  places,  will  be  uiidci  stood  fu  n 
1  ig  307,  m  which  d  e  r  aic  three  beams  of  (li     n  I 


UK  2^1 

mortise  aicb  and  dcio,  which  is  cut  into  each  half- 
bum  lb  consideiablv  laigoi  on  the  outside  than  on 
the  m,  Mheie  the  two  moitises  meet  Two  keys,  b  b 
c  c  aic  founed,  each  w  itli  a  notcli,  bed  and  a  i  o,  on 
its  side,  which  notch  fits  one  end  of  the  mortise  The 
inner  side  of  the  kc^  is  stiaight,  but  so  founed  that 
when  both  kejs  aic  m  ilun  places  the)  h  ac  a  spice 
L  end  th  in  it  the  othci     A 


each  othei  side  by  side,  beal  1 1 
men  term  it  They  aie  kepi  f 
keys,  du\  en  thiough  them  it  1 
L,  &c.  The  manuei  of  jomm^ 
the  l-n-o  side-pieces  of  each  bi.an 


1    tapci    lb  this  space   is 
nd  dinLU  haul   thus  hohUng  the  two  logs 

I        1 1       in    his    woik    on    "  Military 

111    \  oodLuairh   of  2oO  feet  spin, 

i  luuthRuci,  inNoith  Aincuoa     It 

to^tthei   with  wooden    kejs,   on    Puce's 

it   constiuction,  applied  to  a  largei   span, 

hit  thtic   1        niL  dilTiunrnnthc  fnim  of 

li     r  1  ,    I  ,       ,  1,  IS 


togethci,  the  biul^  w.iild  hue  licui  niii  I.  li.llir 
adapted  to  resist  any  unequal  load,  benii  i  m  such 
case,  tlicy  would  ha\e  founed  a  solid  bi  im  f  in  d  m 
depth  to  the  sum  of  then  depths  Ticd-,(  Id  uiinil  s 
that  it  woidd  have  been  stdl  better  to  ha^e  nndi  the 
simcquantitv  of  tmibei  into  two  ubs,  with  cioss  tics 
and  diagonal  biaccs  b  twi  en  them  th  it  tlic  mclhnd 
of  connecting  the   )  1      i  f  du\etad  kc-^s 

lb  objectionable    i    i  '  I     ^leatlyweak 

enedbysuchlai^    i  i\    light  dcgice 

of  slurinkage  icnl  it  i  ih  it  it  is  stdl 

moic  objectionable  is  apjli  I  tj  the  ladial  pieces, 
which  wovdd  have  been  much  bcttei  notched  on  in 
pans   and  bolted  thiou^h 

Thcic  aie  many  excellent  wooden  budges  m  Swit 

zeilaud     One  of  the  most  celebiated  was  that  at 

Schaffhausen,  constiucted  m  1757  by   John  Uluch 

Giub.  111.1  imi    a  Mill,,    caiiciiici   cf  Tuffcn  m  Ap 

,,11  ,        I     I    '  xhcs    one  172 

I  1  by  abutments 

1 1      iiiddk,  which 

I        ii  ttcpt  away  in 

hi  tlub  bullae  the  uik  bemib  which  lested 

ih     masonry  of  the  abutments  and  piei   not 

been  piopeily  seasoned,  noi  laised  fioni  the 

\\   ik  so  as  to  allow  the  au  to  ciiculate  aiound 

thiy  lotted,  and  the  fianies  began  to  settle 

I  1 1  Ilium  being  dead,  a  caipentei  ot  Schaffhausen 

I    Spcngki,   undeitook   m   17tj3   to   supply  a 

11       ltd  the  whole  budge  by  mc  ms  of 

11  scafioldmg  suppoited  by  pdcs  and 

1  i^od  timbeis  by  otlicis  of   liittci 

ji     1         i'ua  w  to  the  only  icpau  icriuiicd  by  the 

budge  duimg  the  42  yeais  of  its  existence     It  was 

bumt  by  the  Prench  airay  m  1799     The  prmciple 

of  its  construction  is  sho-wii  m  Pig  311     Its  chief 

defect  was  that  all  the  puncipal  suppoits  weie  so 

dependent  upon  one  another  that  a  smgle  pait  could 

not  be  removed  without  first  suppoitmg  the  whole 

bridge.  This  bridge  in  common  with  others  constructed 

on  the  same  prmciple   bent  considerably  sideways. 
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iVlr.  Coxe  tays,  that  a  man  of  the  sliglitest  weiglit  felt 
this  bridge  almost  tremble  under  him ;  yet  waggons 
heavily  laden  passed  over  it  without  danger.  It  is 
frequently  stated  that  the  middle  pier  was  not  ne- 
cessary as  a  support :  the  bridge  however  could  not 
have  borne  its  own  weight  \vithout  such  assistance. 

The  general  priuciples  upon  -which  timber  bridges 
are  constructed  ai-e  very  simple,  and  belong  rather 
to  Cakpentry  than  to  bridges.  It  will,  however,  be 
desirable  to  introduce  a  short  notice  of  them  here. 
If  AB,  Pig.  30^,  be  a  sobd  beam  restrng  upon  the 
supports  A  aud  li  so  as  to  form  a  roadway,  it  wdl 


have  to  support  not  only  its  own  weight,  but  the 
planking  and  roadway  and  any  heavy  body  moving 
over  it.  Now  in  order  to  strengthen  such  a  beam 
without  using  a  larger  quantity  of  timber,  ■ne  have 
only  to  make  it  deeper  in  the  middle  and  thinner  at 
the  ends,  as  in  Fig  309,  for  a  strain  at  c  -will  have 


less  effect  in  bending  the  beam  than  a  similar  strain 
in  the  middle.  But  if  the  weight  be  sufficient  it 
will  cause  the  beam  to  bend  however  it  may  be 
distributed,  in  which  case  the  iibres  at  the  upper 
side  d  will  be  compressed,  and  those  on  the  loTi  er 
side  e  extended.  A  line  may  however  be  di-awn  at 
the  middle  of  the  depth  aci,  where  the  fibres  remain 
in  their  natui-al  state,  being  neither  extended  nor 
compressed.  But  all  the  fibres  between  c  and  d  are 
compressed,  and  all  those  between  c  aud  e  are 
stretched;  but  not  equally  so,  because  the  nearci 
a  fibre  is  to  the  points  d  oi  e  the  more  it  is  strained 
Now  as  the  middle  part  of  the  beam  is  very  httle 
strained  compared  with  the  upper  and  lower  side,  it 
is  obvious  that  the  same  quantity  of  timber  can 'be 
employed  more  efl'ectuaUy  by  using  a  deeper  beam 
aud  cutting  out  the  middle,  as  in  lij  310.     On  ex- 


of  the  beam 


it  will  be  seen  that  the  upper  part  n„id,il,  is  wliolh 
compressed  in  the  direction  of  its  length,  and  that 
the  lower  part  aresb  is  whoUy  extended  in  the  direc- 
tion of  its  length;  and  as  timber  offers  the  greatest 
resistance  when  strained  in  this  direction,  provided 
the  joints  are  made  secure,  we  are  thus  led  to  the 
kind  of  construction  shown  in  Fig.  311,  where  the 
same  pressures  are  evidently  obtained  as  in  the 
perforated  beam,  Fig.  310,  the  only  difference  being 


that  in  this  case  it  is  necessary  to  support  the  tic 
beam,  or  it  would  fad  in  large  spans.  The  celebrated 
bridges  of  Schafihausen,  Zmich,  Landsbcrg,  anil 
Wettingen,  are  constructed  on  this  principle.  Li 
the  bridge  of  Sdiafflian;cn  tlic  timbers  are  disposed 


and  being  an  abutment  for  the  compressed  b 
the  frame  requires  oidy  to  be  supported,  and  has  no 
other  thrust  on  the  abutments  of  the  bridge  than 
a  solid  beam  would  have.  Framed  bridges  such  as 
that  designed  by  Palladio,  Fig.  306,  may  be  referred 
to  the  same  principle. 

Advancing  a  step  further  it  is  easy  to  construct 
a  bridge  ir.  which  the  tie  is  enturely  removed,  but  in 
such  cases  the  abutments  must  be  capable  of  sus- 
taining the  thrust,  nuirc  ^^e  vi  the  kmd  of  con- 
stiuction  shown         I  '      1  jiicces  of 


timber  require  to  be  of  a  proportionate  depth  and 
breadth  and  cannot  be  easily  proem  ed,  and  as  much 
of  their  strength  is  lost  in  scarfing,  it  is  desirable  to 
construct  ^vith  short  timbers.  Hence  we  get  such 
a  combination  as  is  shown  in  Fig.  313,  which  is  a 


very  common  form.  It  was  adopted  by  Palladio  in 
a  bridge  across  the  Bienta.  By  dividing  the  span 
into  shorter  lengths  thau  is  here  shown,  bttle  or  no 
advantage  is  gained,  because  the  angles  of  junction 
become  more  obtuse  or  open,  and  the  strain  in  the 
direction  of  the  pieces  is  much  increased.  Although 
such  a  bridge  might  bear  a  constant  load,  a  load 
moving  over  it  would  soon  derange  it,  because  the 
strength  of  such  a  system  to  resist  a  variable  load 
must  depend  wholly  on  the  strength  of  the  joinings, 
which  cannot  be  nndp  vc-v  '^tioi-g      Bridges  on  this 


-O.^-.-. 
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principle  have,  however,  ofteu  been  executed,  as  in 
Fig.  314,  which  shows  the  method  adopted  for  the 


arclies  of  tlie  bridge  over  the  Thames  at  Kingston : 
the  simn  is  i\)  feet.  Combiuatious  of  this  kmd 
natm-ally  lead  to  the  continued  curved  rib,  which 
possesses  advantages  not  found  in  a  scries  of  beams 
niercly  abutting  end  to  cud ;  for  when  the  rib  is  built 
of  bhoit  lengths  with  the  joints  crossed  and  the  dif- 
ferent thicknesses  firnilv  liolled  loiri'lher,  it  becomes 
ab  one  solid  beam,  ll  ili«  -liniMr  hin  c  he  appUed 
at  1),  Fig.  315,  it  nuib.1    li:    miih.     m   i.,  Ii.icturc  the 

9. 

ril)  at  c,D  and  u ;  therefore  wheu  the  stn  n  ,  i  ^  i ' 
rib  is  capable  of  sustaiumg  the  strains  at  i ,  i  n  i  i 
and  the  curve  is  a  proper  curve  of  equUibuiuu  in  iIil 
constant  load,  this  combination  is  both  secui-e  and 
simple.  Tlie  use  of  ciu-ved  ribs  of  this  kind  was 
kiiuviu  at  a  \rrv  early  period,  and  it  has  been  further 
iiii|  u  m1  ll  1  '  iiiiiL;  the  pieces  that  form  the  ribs. 
M  ^Iruotures  on  this  principle  have 

I  ^  which  may  be  mentioned  the 

liM  '  II  r  111  i_;  over  the  Regnitz,  designed  by 
WRbckiii.L;,  ;iud  built  in  1809.  Cast-iron  bridges  are 
constructed  on  nearly  the  same  principle,  as  in  South- 
wark  Bridge,  designed  by  Mr.  Rennie,  consisting  of 
three  arches,  the  span  of  the  centre  arch  being  33G 
feet. 

As  a  bridge  with  a  curved  rib  and  of  considerable 
span  yields  at  d,c  and  e.  Pig.  315,  when  the  load  is 
applied  at  the  middle,  the  sticngtli  must  be  increased 
by  increasing  the  depth  of  the  rib.  This  leads  to 
the  construction  of  a  framed  rib,  Pig.  316.     But  in 


part  alike  into  action,  and  albO  of  the  difficulty  of 
preventing  decay  at  the  joinings. 

In  eases  where  it  is  difficult  to  form  abutments 
and  it  is  desirable  to  keep  the  roadway  as  low  as 
possible,  Trcdgold  recommends  such  a  coustruotiuu 


such  case  the  two  curved  ribs  must  be  continuous, 
and  put  together  so  as  to  resist  cither  extension  or 
compression :  for  when  a  load  is  placed  at  d,  the  lower 
rib  win  be  extended  to  d  and  compressed  at  o  and  e; 
while  the  upper  one  will  be  compressed  at  d  and 
extended  at  c  and  e ;  a  weight  applied  at  any  other 
point  woold  produce  a  similar  eft'eet.  In  bridges  of 
largo  span  framed  ribs  greatly  add  to  stability.  The 
framed  voussoirs  by  Palladio,  Pig.  300,  resemble  this 
kind  of  construction,  but  they  are  better  adapted  for 
iron  bridges,  where  the  parts  cannot  be  very  firmly 
luiited,  in  consequence  of  the  expansion  and  contrac- 
tion of  the  material  according  to  variations  in  tem- 
perature ;  but  in  timber,  where  nothing  is  to  be 
Ifeared  from  this  cause,  it  is,  as  Trcdgold  well  remarks, 
losing  one  of  the  greatest  advantages  of  the  material 
to  interrupt  the  connexion  of  the  parts:  besides, 
many  joints  should  be  avoided,  on  account  of  the 
i'fficulty  of  makuig  them  fit  so  as  to  bring  every 


I-  'li.,nii  111  Fi-.  317.     \\Imic  the  \\idth  of  (lie 

'  I    '      IS  cuiisidcrable  a  rib  may  rise  in  the  middle  of 

'  Itli  so  as  to  divide  the  roadway  into  two  parts, 

,  Inuljlo  rib  with  a  footway  between.  As  cross 
III  ,  \uU  be  required  it  Hip  (n|i  (lie  ntnldlp  parts  may 
be  covered  with  a  1     I  i  '        ''      i     A  continued 

coping  «fl  «'o' iiii-li  I  ll  truss,  "Mliich 

would    improve    tin'  i  nnl    protect    the 

By  the  application  of  some  of  the  smiple  com- 
binations thus  noticed,  the  carpenter  will  be  able  to 
span  any  opening  of  moderate  dimensions. 

Wicbeking  states  that  a  rise  of  1  in  2i  is  a  con- 
venient ascent  for  a  bridge ;  that  in  timber  bridges 
the  settlement  is  generally  about  1  part  in  72 ;  that 
is,  if  a  timber  bridge  of  141  feet  span  rise  one  foot 
in  the  middle  when  first  framed,  it  will  settle  so  as 
to  become  nearly  horizontal;  so  that  wheu  it  is 
intended  for  the  bridge  to  have  an  ascent  of  1  in  24 
when  finished,  it  must  be  framed  so  as  to  have  a  rise 
of  1  in  18  ;  for  Jj  =  ^  -f  ^. 

Section  V.— Suspexsion  Bridges. 
A  biispcusiuu  luidge  derives  its  chief  value  from 
iUr  I'art  that  it  ia  independent  of  the  bod  of  the  river 
wliii  ll  it  crosses.  Hence  it  can  be  thrown  across  an 
opening  whcio  it  is  impossible,  either  from  the  rapidity 
of  tlie  cun-cnt  or  from  the  .dtitude  of  the  banks,  to 
erect  centering  for  a  stone  bridge.  It  can  also  be 
built  with  ease  and  expedition;  aiul  as  i(  ivfpiircs  only 
a  small  amount  of  materials,  ii  i  i  i<  h  ii  il  Tin  le 
is  also  an  elegant  lightness  all  i  i    iL'r; 

it  is  however  on  this  accnnii'  ilim 

stone  or  iron  bridges,  and  tin  i  >    us- 

pension  bridge  that  would  In       i  i  In  id 

that  is  passing  every  hour  om  i   I  1  "A 

bridge  destined  to  be  a  gi-cal  ,1,     ,  -li- 

fare,  exposed  not  only  to  be  lu.iiu  nil,)  4U11L  liikd 
with  people,  and  to  the  passage  of  troops,  but  alt,o  to 
the  rapid  motion  of  great  numbers  of  heavy  vehicles ; 
in  short,  a  bridge  in  a  busy  part  of  a  great  city,  ought 
not  to  bo  on  the  suspension  principle.  Por  if  it  were 
made  no  stronger  than  our  strongest  sus|)cusion 
bridges,  it  would  not  possess  sufficient  stability.  If 
on  the  other  hand  the  strength  ^u•lc  iuiii.rid  to  a 
sufficient  extent  to  enable  it  ti)  1 1-  u  '1  I  h  h  i  nu 
work,  the  weight,  the  dilhmii     ■  1       i,'  ilit; 

chains,  and  the  increase  in  i  la    .  ,  nU 

so  raise  tb 3  expense,  that  it  is  uih,i,1iu1  1iu>.   lai   it 
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could  be  biouglit  uuder  that  of  a  stone  or  oast-iion 
bridge.  Add  to  \Uiicli,  a  suspeusiou  biidge  would 
never  equal  iii  stability  a  common  aicb  budge,  because 
it  is  subject  to  vibiations,  the  law  of  which  is  not 
sufficiently  known  to  calculate  thcii-  piecise  lesults  m 

foicmliu 1  i.lc 


then  to  make  it  so  heavy  an  1       1     i 
the  load  it  wUl  have  to  call'    i         'i 
cause  it  to  \ibiatc  iiiiKli      li 
be  constantly  lo  k'h  1 
would  be  impiad 
the  traffic  is  small,    i 

because  they  cm  1h  i  1 1 1  I  i  i  i'  I  iii_  ,  n 
any  height,  for  a  cumpaiatiicly  uiodLiale  cxpciiaC 
They  are  also  well  fitted  for  military  bridges;  the 
chains,  or  cables  the  phtfonn  and  even  timbers  being 
ready  pirj  n  1  f  f  r  'u  | -n  n  jiicis,  might  be 
c.iiiii  1  I  '  I  111  bridge,  and 

could  1  I  I  nine.    They  are 

also  -Hill  M  I  1  1  I  (  I  I  ill  I-  111  mountainous 
eountiicb,  and  on  a  gicit  imlit.ii>  pass,  a  budge  of 
this  kind  would  gi\e  the  inhabitants  gieatci  command 
over  it :  for  by  knocking  out  a  few  conncc ting  bolts, 
a  whole  bridge  might  be  dismantled  veiyiapidly  with- 
out being  dcbtioyed.  For  piers  or  Jetties  on  the 
sea-coast  they  are  wcU  adapted,  from  the  openness  of 
their  constructinn.      "If  the  suspension  towcis  aie 

propuh  •       '        I  h     ^ 

little  ^^H   I  i  '  i  Mm 


iimyb.  1 

The  bill  I,  , 
of  this  ailiLlc,  aie  tiuc  s 
rudest  form.  They  are  v 
parts  of  the  world.  In  China,  wheie  the  geim  of 
nearly  every  thing  coimeeted  with  the  UsefiJ  Aits  is 
foimd,  suspension  bridges  are  formed  of  iive  parallel 
chains  with  links  one  foot  in  diameter,  on  which  a 
loose  bamboo  flooring  is  laid.  Another  form  is  de- 
scribed as  consisting  of  two  parallel  chains  4  feet  ap  n  i 
suspended  over  stone  piers  about  S  feet  high  on  (  i 
bank.  The  ends  of  the  chains  pass  back  fromthi  m 
turn  obliquely,  and  are  bedded  in  the  rook,  each  bi  in. 
fastened  round  a  laige  stone,  which  is  kept  down  In 
a  mass  of  smaller  stones  laid  upon  it.  A  plank  about 
8  inches  wide,  extending  across  the  river,  is  suspended 
from  the  chains  by  bands  made  of  roots,  of  such  length 
that  the  path  is  4  feet  below  the  chains  in  the  middle 
of  the  length  of  the  bridge.  The  suspending  bands 
are  renewed  eveiy  jcar,  and  flic  pi  mks  aic  loose,  so 
that  any  part  can  111  n  |  m  1  u  i  i  T'  I.  ngth 
of  one  of  these  Im  1        i  i  li  ft. 

It  is  only  used  i'ni  1     i  ,  ii  [  mpcr 


suspension  bridge,  with  a  hoiizontal  plitfoim  sus- 
pended fiiim  tliL  111  an  chims. 

Bill!         11  11     il  i^c  are  described  in  woiks 

on^hl  1  I       IS  caily  as  the  year  1(531. 

and  ]  I  I  I  hi  10  does  not  seem  to  be  any 

Em-ope  betoii  the  luiddk  ul  i       1     i  i    n  iii\      About 

the  year  1741,  the  first  1  I.e  was 

built  in  Enghnd  across  1'       i  ,  i  .  aliove 

Atini  '   11   rl     (1-  I  1  11     11  ilii    lauiii-,  uf  that 

1  111  Incadth  rather 

\  I  the  water  60 

1  null  Moik,  not 

iii'imof 


lad  bi . 


In  lbl4,  a  plan  was  advanced  by  Mi.  Dmnbell  of 
Wariington,  for  making  a  dii-eet  road  from  Eunconi 
in  Cheshii-e,  across  the  IIli^,\  to  I.ixcipool.  The 
scheme  included  a  biide:r  n  I  i  i  i  I  in  across 
Kuncorn-gap,  and  it  was  -n  h  across 

the  river  a  well  of  inttallu    i  i  I  i    nature 

of  the  navigation,  it  was  11, 1  \  ihii    i  i_   Imdgeto 

be  constructed  shoidd  consist  of  not  luoic  than  three 
openings,  the  centre  one  of  1,000  feet,  and  the  other 
two  of  500  feet  each,  with  a  height  of  at  least  70  feet 
I  mil  1  tlic  bii  1_ '    '    '     '     1    ■   'f      These  conditions 

I    11  I  II  lai  1     1  lilies,  each  formed 

I  I   ii,si|iiMi  1 1     I  lilt  the  segments 

I  I  I  \liinli  IS  [111  I  il  1  li  I  111  ii_  ilii  111  iiilooncimmense 
I  vliiiihii  il  u    II  ilili,  wliiili  w  IS  til  be  nearly  half  a 

il  li  11  III  liii1iii,  tl.  livings  iiiL  shore,  and  about 
j;  111.  Ills  ill  nil  111  The  lialt  iiirh  bars  as  well  as 
the  fom  segments  weie  to  be  welded  together  into  so 
many  lines  of  bars,  and  laid  in  a  bundle  together, 
secured  by  bueklings  every  5  feet,  and  wrapped  in 
flannel  satui'atcd  with  a  m  i]  il  "ii  i  t  msm  and 
beeswax,  to  preseive  thun  I  '    i     They 

were  firrthcr  to  be  bomid  I  i  I  about 

3!^  th  inch  diameter.     TIk  1  1     1      lu    sus- 

I  Mil  II  11;  of  these  cablis,  and  to  timsist  ol  two 
iiid  one  central  footpath.  The  main 
1     IS  of  the  middle  opening  were  to  be 

1         I  I  lii^h,  aiidthrdifiiitii.u  of  the  cables 


but  h  ,1  II        lUision 

biid„L.,  cnal  m  I  iiiu  to  I  '        I  I  itiDiiing 

the  strength  ol  the  paifs,  I     1      1  11  uusc 

of  experiments  in  ISll  up  lUcable 

iron.    "  The  inquii-y  was  c iivn   m  112;  what 

force  woidd  tear  asunder  lengthwa\s  pieces  ot  iron 
from  I5  inch  to  ^  inch  in  diameter.  The  experiments 
upon  the  first  or  larger  diameters  were  performed 
with  great  aecuraey,  with  an  excellent  hydrostatic 
machine,  cousducted  by  Mr.  PidJer,  at  Mr.  Bmnton's 


patent  chain-cable  manufactoiy,  Commercial  Road, 
London :  those  upon  the  smaller  diameters  were  made 
by  weights  attached  periiciulicul.aly,  aud  siuidry  times 
repeated.  Having  a-,  i  i  i,m:  >i  ihnr  nowers  when 
suspended  perpendic 111  II  .    1  i      ^experiments 

upon  different  dianm        i  ;,         ',,  of  au  mch, 

drawn  horizontally  imd  Miili  Lhiiccut  tltgiees  ot 
curvatui-e :  all  these  were  done  between  points 
900,  225,  140,  1314  feet  apart,  and  repeated  sundry 
times  upon  the  different  distances  and  diiimetcis 
The  number  of  experiments  in  all  amo\mts  to  above 
200. 

"  In  the  experiments  made  upon  -^  inch  and  midei, 
the  wire  was  drawn  over  pulleys ;  sometimes  both 
ends  were  fixed,  and  sometimes  one  end  only,  the 
other  having  weights  attached  perpendiculaily,  to 
show  their  effects  when  compared  with  thoae  loaded 
upon  the  curved  part  of  the  wii-e  :  these  last  were 
disposed  at  the  ^,  ^,  and  5  divisions  of  the  distance 
over  which  it  was  stretched.  Having  completed  these 
experiments,  I  next  proved  what  force  by  a  blow 
would  break  the  wire  when  stretched  nearly  houzontal, 
and  at  dill'erent  curvatures,  which  was  done  by  drop- 
ping weights  from  a  given  height.  The  seveial  wucs 
upon  which  these  experiments  were  made  weie 
weighed,  and  the  weight  of  100  feet  in  length  of  each 

"  The  results  of  these  experiments  were,  that  a  bar 
of  good  malleable  charcoal  iron  one  inch  square,  w  ill 
suspend  27  tons,  and  that  an  iron  wire  ^  mch  dia 
meter,  (100  feet  m  length,  weighing  3  lbs.  3  oz  )  will 
suspend  700  lbs.;  and  that  the  latter  with  a  curvatuie 
or  versed  sine  of  sSoth  part  of  the  chord  hue,  m  ill 
sujjport  Jjth  part  of  the  weight  suspended  peipcu 
dicidarly,  when  disposed  equally  at  -J-,  J,  and  -J  1 1 
its  length ;  and  with  a  curvature  of  -^ih  of  the  choi  d 
it  will  bear  ^d  of  the  aforesaid  pei-pendiculai  weight, 
disposed  in  a  sunUar  way.  Experiments  upon  the 
other  diameters  correspond  suilieiently,  and  it  wis 
found  that  increasing  the  distance  only  vaiied  the 
effect  by  the  difference  of  the  weight  of  metal  con 
tained  in  the  wire  employed. 

"  A  wire  -Jg-  inch  in  diameter,  di-awn  veiy  tignt 
Ijctwccu  pomts  32A  feet  apart,  resisted  the  impulse  of 
a  20  pound  weight  falluig  from  a  height  of  7i  feet 
Several  other  experiments  were  tried  with  lesser 
weights  upon  this  and  smaller  wires. 

"  From  these  experiments  I  had  reason  to  be  satis 
fled  that  English  iron  made  with  wood  chaicoal,  had 
suiEcient  tenacity  to  bear  itself,  and  a  portion  to  spaie 
equal  to  the  purposes  of  a  bridge  across  an  openmg 
of  1,000  feet,  and  therefore  considered  myself  justified 
in  procecdmg  to  form  designs." 

The  project  for  the  Rimcom  bridge  was  not  earned 
out  on  account  of  the  great  expense  of  the  mider- 
taking;  but  it  served  to  direct  the  attention  of 
engineers  to  the  subject,  and  may  thus  be  regarded 
as  the  origin  of  the  great  extension  that  has  since 
been  given  to  the  suspension  mode  of  bridge-building. 
Between  the  time  here  referred  to,  and  the  erection 
of  the  Menai  Suspension  Bridge,  several  small  sus- 
pension bridges  had  been  erected  in  Great  Britain. 
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The  first  was  buUt  in  1S16,  by  Mr.  Lees  at  Galashiel, 
across  Gala  Water,  to  establish  a  communication 
between  different  parts  of  his  manufactory.  It  was 
made  of  slender  wires :  the  span  was  111  feet,  and 
the  cost  about  40/  Another  biidge  of  iiou  wiies  -nas 
built  m  ISI7  acioss  the  Tweed  at  King's  Meadows 
It  lb  110  feet  long,  and  4  feet  wide  It  was  con- 
sti  noted  by  Messib  RedpathandBiown,  of  Edmburgh, 
and  cost  about  160/  It  is  supported  by  two  hollow 
cast  iron  eolumus  9  feet  higli,  S  iiichLS  ihmu  t(  1,  and 
I  mch  thick  m  the  metil,  s.  t         1         |  ,  1  mks 

of  the  nvei  4  feet  ap  tit     m  I  a 

wiought  lion  bar  10  feet  In   I  nid 

the  suspending  TV  lies  aie  ilt  '  '  1  ''^  to 
these  bais  by  sciew  bolts  1  mch  di  imctci  The  lo\icr 
ends  of  the  cast  11  on  columns  st  md  on  a  framed  wood 
foundation  The  load  way  is  foimed  of  wiought  iron 
fnmes,  to  which  deal  pi  mks  li  mch  thick  aie  bolted 
Tlie  side  laikng  is  of  wiought  u-ou  lods  the  sus- 
pending wues  aie  about  Vkths  of  an  inch  cbametei,  and 
aie  not  ananged  m  a  eatenaiy,  but  one  end  of  each 
IS  fastened  to  its  snppoitmg  bai,  and  the  other  end  is 
fastened  to  a  pait  of  the  loadway,  10  that  the  wues  aie 
a  set  of  lucbned  hues  foi  mmg  difiei  ent  an£,ks  vnth  the 
vertical  «uppoitmg  bars,  Eig  318    When  the  wues  are 
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The  system  of  mclined  wiies  was  adopted  m 
a  budge  built  m  1817,  at  Diybuigh  Abbey,  across 
the  Tweed,  by  Messrs  Smith  It  wis  2G0  Icct 
span,  and  4  feet  wide  It  was  obseived  that  the 
budge  had  a  ^e^y  sensible  -vibiation  when  ciossed 
by  any  peison,  and  tlie  motion  of  the  chams  ap- 
pealed to  be  easily  acocleiated  In  1818,  six 
months  after  the  completion  of  the  budge,  a  Molent 
gale  of  wind  caused  so  gioat  a  vibration  of  the 
chams  that  the  longest  chains  bioke,  the  platform 
was  earned  away,  and  the  whole  budge  destioyed 
The  vertical  motion  of  the  roadway  was  said  to  be, 
just  befoie  breaking,  as  gieat  as  the  houzontal 
motion,  and  sufllcieutly  violent  to  have  thrown  a 
peison  off  the  budge 

"  The  defect  of  tins  plan  of  supporting  a  suspended 
loadway  by  mclmed  chams,  fastened  at  the  ends  to  tne 
platform,  is,  that  the  chains,  being  of  different  lengths 
and  inclinations,  form  different  cuiTes,  and  are  ex- 
posed to  very  different  degrees  of  tension ;  the  long 
ones  being  the  most  strained,  and  the  shortest  the 
least.  In  a  bridge  of  large  span,  and  made  with  chams 
of  any  considerable  weight,  it  would  bo  almost  im- 
practicable to  strain  the  inclined  chains  (especially 
the  long  ones)  quite,  or  even  nearly,  tight;  for  if 
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that  were  done,  the  tension  to  which  they  would  be 
exposed  would  so  far  absorb  their-  strength  as  to  leave 
them  little  power  of  carrying  any  load  beyond  their 
own  weight.  On  the  other  hand,  by  leaving  them 
slack  enough  not  to  impair  their  strength,  the  differ- 
ence of  curvature  and  tension  of  the  several  chains, 
and  their  want  of  connexion  and  uniformity  of  action, 
cause  the  vibration  to  which  they  are  exposed,  from 
gusts  of  wind  or  the  motion  of  caniages,  to  act  un- 
equally on  the  several  chains ;  and  the  vibration  is 
likely  to  be  violent  in  proportion  to  the  slackness  of 
the  chains.  These  reasons  have  probably  led  to  the 
abandonment  of  this  system  for  large  suspension 
bridges.  ...  In  suspension  bridges  of  large  dimen- 
sions, and  consequently  of  great  weight,  the  force 
that  the  suspended  mass  will  acquire  by  being  put  in 
motion  increases  rapidly.  Hence,  it  is  an  object  to 
make  it  resist  motion,  and  especially  to  make  every 
part  bear  its  fair  share  of  strain.  It  is  a  common 
doctrme  that  lightness  is  the  peculiar  excellence  of  a 
suspension  bridge ;  but  that  is  a  principle  wliioh  must 
be  acted  upon  with  discretion,  and  not  taken  gene- 
rally ;  for  a  bridge  may  be  from  its  size  just  so  heavy 
that,  by  being  put  in  motion,  it  wiU  acquire  great 
momentum,  and  just  so  light  and  slight  that  it  wiU 
be  unable  to  resist  the  effects  of  its  own  vibration. 
Therefore,  when  it  becomes  necessary  to  make  the 
chains  of  a  bridge  so  heavy  that  vibration  would  be 
dangerous,  it  is  advisable  boldly  to  increase  their 
weight,  rather  than  attempt  to  diminish  it,  and  to 
bind  and  connect  the  several  chams  and  the  roadway 
firmly  together,  in  order  that  there  may  be  sufficient 
mass  and  stiffness  in  the  bridge  to  resist  motion, 
rather  than  yield  to  it  readily." — Drewry. 

Mr.  Robert  Stevenson,  in  a  paper  on  suspension 
bridges,  iuserted  in  the  5th  Vol.  of  Jameson's  Edin- 
bui-gh  New  Philosophical  Journal,  says : — "  The 
effect  we  have  to  provide  against  in  bridges  of  sus- 
Donsion  is  not  merely  what  is  technically  termed  dead 
weight.  A  more  powerful  agent  exists  in  the  sudden 
impulses  or  jerking  motion  of  the  load,  which  we 
have  partly  noticed  in  the  description  of  the  Dryburgh 
bridge.  The  greatest  trial,  for  example,  which  the 
timber  bridge  at  Montrose,  about  500  feet  in  extent, 
has  been  considered  to  withstand  is  the  passing  of  a 
regiment  of  foot,  marching  iu  regular  tune.  A  troop 
of  cavalry,  on  the  contrary,  does  not  produce  corre- 
sponding effects,  owing  to  the  in-egnlar  step  of  the 
horses.  The  same  observations  apply  to  a  crowd  of 
persons  walking  promiscuously,  or  a  drove  of  cattle, 
which  counteract  the  undulating  and  rocking  motion 
observed  on  some  occasions  at  the  bridge  of  Montrose, 
when  infantry  has  been  passing  along  it.  Hence, 
also,  the  effects  of  gusts  of  wind,  often  and  violently 
repeated,  which  destroy  the  equilibrium  of  the  parts 
of  a  bridge  of  suspension;  and  the  importance  of 
having  the  whole  roadway  and  side-rails  framed  in 
the  strongest  possible  manner." 

The  destruction  of  the  Dryburgh  bridge  created  a 
{^eat  sensation  of  regret  thi-oughout  all  parts  of  the 
conntiy.  Its  utility  when  compai'cd  with  a  trouble- 
some feny,  even  in  the  short  experience  of  six.  months. 


had  given  it  such  a  decided  preference  to  the  boat, 
that  the  Earl  of  Buchan,  the  ovmer,  ordered  it  to  be 
restored.  This  was  accordingly  done,  after  a  better 
design,  for  the  additional  sum  of  220/.,  (somewhat 
less  than  500/.  having  been  paid  for  the  original 
structure,  which  the  contractors  agreed  to  uphold 
against  all  accidents  only  during  the  period  of  its 
erection,)  and,  in  less  than  three  months,  it  was 
again  opened  to  the  public.  The  bridge  was  recon- 
structed on  the  catenarian  principle,  the  roadway 
being  suspended  by  perpendicular  rods  of  iron  from 
main  or  catenarian  chains.  The  chief  mechanical 
alterations  upon  the  former  plan  consisted  in  welding 
both  eyes  or  ends  of  the  links,  instead  of  having  one 
of  them  sunply  turned  round,  and  fixed  with  a  collar. 
The  roadway  was  also  strengthened  by  a  strongly 
trussed  wooden  rail,  which  also  answers  the  purpose 
of  a  parapet,  on  each  side  of  the  bridge,  the  good 
effects  of  which  were  particularly  exemplified  while 
the  bridge  was  building.  A  high  wind  having  ocenn-ed 
before  the  side-rails  were  erected,  one  end  of  the 
platform  was  lifted  above  the  level  of  the  roadway, 
and  the  undulating  motion  produced  on  this  occasion 
is  described  as  resembling  a  wave  of  the  sea ;  an  effect 
which  pervaded  the  whole  extent  of  the  bridge,  and 
went  off  ■nith  a  jerking  motion  at  the  further  end. 
But  after  the  side-rails  were  attached,  this  vertical 
motion  was  checked,  and  afterwards  greatly  reduced. 
There  were  also  added  gyes  or  mooring-chains,  con- 
sisting of  rods  of  iron  iixed  to  stakes  in  the  opposite 
banks  of  the  river,  and  attached  to  the  beams  of  the 
roadway.  These  diagonal  moorings  are  said  to  have 
some  effect  in  lessening  the  motion  of  the  bridge  in 
high  winds. 

The  plan  proposed  for  Runcom  Bridge  was,  as 
already  stated,  to  suspend  the  platform  from  iron 
cables,  made  of  small  bars,  welded  together  at  their 
ends,  and  bound  up  together,  so  as  to  form  a  long 
flexible  bar  or  cable.  That  plan  has  not  been  adopted, 
the  usual  system  being  to  make  the  chains  of  straight 
wrought-iron  rods  or  bars,  from  5  to  15  feet  long, 
with  either  welded  eyes  or  holes  drilled  out  at  their 
ends,  by  which  they  are  connected  together  in  pairs 
by  short  links  and  bolt-pins.  This  system  was  intro- 
duced by  Captain  Samuel  Brown,  R.N.,  who,  in  1817, 
took  out  a  patent  for  his  invention.  His  reasons  for 
preferrmg  this  mode  of  making  the  main  chains  to 
making  them  of  links,  like  chain  cables,  or  of  small 
wires,  were,' that  link  chains  are  weaker  in  proportion 
to  their  weight  than  bars,  a  portion  of  the  strength 
of  the  iron  being  lost  in  bending  it  into  the  form  of 
a  link;  and  small  wires  are  inexpedient  for  large 
bridges,  on  account  of  the  number  of  parts  and  com- 
plication of  joinings  required,  and  also  on  account  of 
the  great  surface  they  expose  to  damp,  and  their 
consequent  liability  to  destruction.  The  Union  Bridge 
across  the  Tweed,  five  miles  above  Berwick,  was  the 
first  large  bar-chain  bridge  completed  in  this  country. 
It  was  begun  in  August,  1819,  and  opened  in  July, 
1320,  just  after  the  commencement  of  the  Menai 
Bridge. 

The  straits  of  Menai,  which  separate  the  island  of 


Anglcsea  from  Gaeinarvonshire,  had  long  foimed  i 
tioublcbome  obstructiou  upon  tlio  groit  loid  fiom 
London  to  Dublin  by  Holybeid  The  coimexiou 
b  h\LCn  thotwoslijicf,\vi&  ii  amt inic  1 1  y  &i\  kiiiL 
the  11  t  1  imlant  d^li  h  wio  11  I  I  it  i  i  il 
iioitha  CLiliinioclbUithLsd  I  c  11  IthtS  // 
named  Baiijoi  rui/,iioi  lUji  \i_  ifj  lo  the  city 
of  Bingoi  The  idcv  liul  long  bun  cutti tamed  ol 
bupcisodmg  the  foiiy  by  a  pcimanent  roadway,  but 
no  plan  had  been  entoitamed  luitd  illei  the  muon  of 
Ireland -n-ith  England,  ^■vhen  the  mcicasLd  mteicouibo 
between  the  two  coimlnes.  led  the  Goveiimieut  m 
iSOl,  to  dneet  Mi  llLimie  to  suivcy  the  btiait,  and 
prepaio  a  plan  ind  estimate  foi  a  budge  roiu 
designs  were  acooidngly  piopued  for  a  cast  uon 
structuie ,  and,  while  these  wcie  imdei  cousidu  ition 
aviolcit  nppr  ihnnwas  male  to  tho  cioetion  ol  \ 

I  1       I        I  II  II  Ih  med  that 

iltee,  how 

no  \^   >  111    ly  (o  1  I    y  ad\  ibcd 

the  unmediato  con  (  d  bi  idgp, 

with  till ec  cast  IK n  II    s     Upon 

this,  the  Loidb  of  tl     i        u      1  1  Mi    Ttlfoid 

to  survey  the  Holjhead  lioid,  iiid  lo  considti  the 
best  mode  of  passing  the  Meuai  Stiait  This  was 
done,  and  m  Apid,  ISll,  Telfoid  pioposed  a  cast 

II  :)ii  bu  l^e  of  one  aich,  500  feet  span,  100  feet  cleai 
in  he  1 1  at  lugh  spimg  tides,  and  40  tcet  bioad  As 
it  «  s  iioaily  impossible  to  constiuct  the  centeimg  of 
(1  0  li  fioin  below,  on  account  of  the  nature  ot  the 
bf  tto  Iff  the  channel,  and  the  great  use  and  lapidity 
rftl    f  ks  Telfoidproposed  to  suspend  thecenteimg 

This  1  Ian  was  stiongly  lecommcudcd  foi  adoption 
by  the  pailiamentaiy  committee  m  then  icpoit 
May,  1811,  but  the  difiiculties  m  Mhich  llio  couuli 
had  been  mvolved  by  the  long  pioti acted  wai  abio  id 
intcifucd  witli  rmjiovements  at  home,  and  nothm^ 
was  d  no  m  the  mattci  mitd  ISIS  In  the  mteival, 
hrwe\ei  i  ubho  attention  had  been  diawn  to  the 
subject  of  suspension  biidgcs,  and  the  improvements 
of  the  Holyhead  Road  being  m  active  piogrebs,  m 
puisuance  of  dn  Act  passed  m  1S15,  undei  Telfoid  s 
direction  ho  was  oideied,  m  1S18,  by  Government, 
to  guc  his  opnuon  whethei  a  suspension  budge  was 
pi  cti  lie  o\ci  the  Menu  Stmts,  and  if  so  to 
I  ep  le  a  design      Telfoid  accoiduigly  suivcjed  the 

III  nl  jKi        la        11      nliiUeatliiyb 
i  uttcc  at 

1    and  the 

1  I  to  enable 

the  ccmuiiubiuucij  to  comu  eucc  u|eiitions,  but 
in  consequence  of  the  opposition  of  mteiestcd 
paities,  the  buildmg  of  the  budge  was  delayed 
untd  July,  1S19,  when  an  Act  was  passed,  giving 
piopci  poweis  foi   caiiying  on  the  election  of  the 

■^V'e  come  now  to  describe  the  finished  struc- 
ture. 


,1  pyi  I 
midsis  57J  !()„ 

The  dellcetion  of  tho  chaiiib  m  the 

mid  Uc  43     0 

The  clcai  hci  lit  ot  the  loadvvay 

above  high  m  iter  103     0 

Bioadth  ot  tho  j  1  itfoim  28     0 

It  IS  divaded  into  tno  cauiage  ways  one  on  each 
side  of  the  budge,  12  feet  wide,  and  a  ccntial  loot 
patli,  4  feet  wide 

The  pieis  of  suspension  aie  pyiamids  bnilt  of  gioj 
iiijesea  liable       The  An  1  in]        st  iids 

on  the  lock  Ynys  y  Mori        I  'Illy 

bl  lotmg  to  foun  a  found  I  lie 

level  ot  high  viatci       On   1 1  1     tl  e 

foundation  ot  the  pici  is  s  u  1  /  kcL  I  1  vv  the 
sniface  of  tho  beach,  and  is  also  turn  lock  The 
mam  picis  aie  100  feet  lugh,  fioni  the  level  of  high 
Viatel  line  up  to  the  level  of  (h  i  l\  \  1 1  then 
bummitb  aie  53  feet  above  tl  1    pe 

of  tho  pieis  below  the  ic  11   u 

c\tiemc  bieadth   at  the  1  t    the 

summit  45  feet     Then  tin  1  II         ij  50 

leet,  at  the  level  of  the  loulvv  ly  2 J  leet,  lud  it  the 
summit  11  feet  They  aie  not  budt  sohd  all  the  v\  ay 
up,  but,  m  eioh,  foui  hollow  sqnaics,  about  9^  feet 
squaic,  weie  left,  conimcucmg  above  high  water  maik, 
and  luimmg  up  to  witlun  about  4  feet  of  the  level  ol 
the  loadwaj  Thiough  each  mam  piei  two  aiched 
opemngs  aie  formed  foi  the  passage  of  carnages,  9 
feet  wide,  and  15  feet  hi^h  to  the  spiuigmg  of  the 
aiches  the  wall  between  them  being  a  little  iiioie 
than  0  icct  Ihicl       Tlic  misnniy  above  the  opeiui  gs 
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ly  the  V  c  1  1  el  tho  si  i  i  ou  il  ut  [  it  of  tho 
pyiamid,  6  wiought  iion  tic  bolts,  4  mches  viiJe  by 
2  inches  thick,  aie  laid  m  tho  masomy  at  the  sj  im^mg 
of  the  arches,  with  dovetail  heads  at  eich  cnl  let 
into  couespouding  socl  elb  m  cast  uon  plates  bedded 
in  the  masonry  The  mam  picis  aie  comiected  with 
the  shoies  by  a  scues  ot  aiehes,  thioe  on  tlie  Gael 
muon  side,  and  foui  on  the  Auglesea  side  Tlie 
hciglit  ot  each  of  the  small  pieis,  fiom  high  water 
line  to  the  spungmg  of  the  arch,  is  G5  feet,  and  the 
spin  of  each  aich  52^  feet  A  squaie  chambei  is 
left  m  each,  filled  up  with  lubblo 

The  mam  chams  aic  on  Capt  Biowus  plan  of 
st  night  bais,  a,  Pig  319,  uiuted  by  coujlmg  bolts 
The  main  chains  aie  IG  m  numbei,  each  containing 
aseuesoflmksoomposcdof  5  wiought  uonb  is  9  leet 
1]  mch  long,  3^  inches bioad,  and  1  meh  thick  li  t y 
aie  disposed,  lour  chains  one  luidei  the  othei,  on  each 
side  of  the  cential  footpath,  and  four  at  eacn  outside 
of  the  platform  So  that  theie  are  m  all  80  bais  m  the 
mam  chams,  and  then  imited  section  is  80  +  3,^  =  2G0 
square  inches  of  iron.  The  bars  arc  united  by  coupline; 
plates,  B,  Pig.  319,  IG  inches  long,  7\  inches  broad,  by 
02 


chains  are  carried  througli  tunnels  cut  through  the 
solid  rock  of  which  the  shores  are  composed,  and 
the  extreme  ends  are  fastened  hy  strong  holding 
bolts  in  chambers  made  at  the  ends  of  the  tunnels. 
The  holding  bolts  are  9  feet  long  and  6  inches 
diameter,  and  rest  in  sockets  in  cast-iron  plates  6 
inches  thick.  There  are  12  holding  bolts  at  ench 
end  of  tlie  bridge,  viz.  i  for  the  two  middle  "^cts  ot 
chains,  and  4  for  each  of  the  outer  ones.  The  lengtli 
of  each  bolt  betn-ccn  its  bearuigs  against  the  rock  is 
IS  inches.  Tliere  are  3  tunnels  for  the  chaiiis  about 
5  feet  square,  at  each  end  of  the  bridge,  viz.  one  foi  tlie 
two  ceutral  sets  of  chains,  and  one  for  each  of  the 
outer  ones.  The  bars  of  the  chams  in  the  tunnels 
are  much  stronger  than  the  other  bars,  under  the  idea 
that  in  the  tunnels  they  would  be  more  exposed  to 
rust,  and  less  accessible  for  paLating  or  varnishing 
them.  The  back  stays  are  tied  down,  by  vertical  rods, 
to  smaU  cast-iron  plates  laid  in  the  masonry  of  the 
arches  between  the  main  piers  and  the  shores,  to 
prevent  their  undulation. 

Thus  the  main  chains  are  faed  firmly  at  their  ex- 
tremities into  the  rock,  and  are  also  held  down  between 
the  main  pyramids  and  the  shores  :  but  over  the 
pyi-amids  they  lie  loosely  upon  cast-iron  saddles,  laid 
upon  horizontal  rollers  or  trucks,  3  feet  8  iachcs  long 
and  8  inches  diameter,  that  lie  in  grooves  or  channels 
formed  in  a  cast-iron  platform  upon  the  summit  of 
each  main  pier.  The  saddles  can  thus  move  backwards 
and  forwards  a  few  inches  iu  the  direction  of  the 
length  of  the  chain,  and  hence  expansion  and  con- 
traction of  the  chains  produce  no  other  effect  than  to 
move  the  saddles  on  which  they  lie,  just  as  much  as 
they  lengthen  or  shorten,  and  to  raise  or  depress  the 
suspended  roadway  a  little,  instead  of  producing  an 
injui'ious  strain  on  the  materials.  The  rollers  on 
which  tlie  saddles  rest,  are  kept  equidistant  by  their 
necks  or  projecting  ends  being  received  in  brasses  held 
between  wrought-ii'on  plates  screwed  together,  so  that 
uo  one  roller  can  move  alone  ;  but  there  is  sufficient 
space  in  the  gi-ooves  in  which  the  rollers  are  placed, 
for  aU  of  them  to  move  as  much  as  4^  inches. 

The  chains  are  tied  together  across  the  breadth  of 
the  bridge  by  transverse  ties,  which  are  cast-iron  tubes 
placed  between  each  pair  of  chains,  with  wi'ought-u-on 


screw  bolts  put  through  them,  and  passing  ihi-ough 
the  chains.  The  bolts  serve  to  di-aw  the  chains  to- 
gether by  their  nuts,  and  the  cast-iron  tubes  keep  the 
chains  a  proper  distance  apart.  There  are  8  of  these 
transverse  ties  in  the  length  of  the  bridge.  The  chains 
are  further  tied  together  by  a  diagonal  wrought-iron 
lacing  between  each  pair  of  transverse  ties.  This  mode 
of  bmduig  the  chains  was  adopted  in  consequence  of 
the  effect  perceived  on  them  from  the  action  of  gusts 
of  wind,  while  the  bridge  was  in  progress. 

In  the  length  of  the  chains  there  are  4  sets  of  ad- 
justing links  to  evei-y  line  of  chains,  viz.  2  in  the 
opening  between  the  piers,  and  1  between  each  pier 
and  the  shore.  The  object  was,  to  give  the  means  of 
adjusting  the  chains  to  then-  proper  length.  La  case 
there  should  be  any  inequality  in  the  lengths  of  the 
bars.  Pig.  320  is  a  perspective  view  of  one  of  the 
adjusting  links,  and  d  e,  Fig.  319,  is  a  side  view  of 
the  same.     At  one  end  of  each  of  the  bars  a,  a  long 


hole  IS  made  mstead  ol  a  louud  ejc,  and  tlie  corre- 
sponding end  of  the  connecting  plate  li  has  also  a  long 
hole  m  it.  The  bar  and  connecting  plate  are  connected 
by  two  semicircular  pms,  1  and  2,  one  bearmg  against 
the  ends  of  the  bars  a,  and  the  other  against  the  ends 
of  the  connecting  plates  4,  Fig.  320,  and  e,  Kg.  319. 
and  the  space  between  tliem  is  tilled  up  with  iron 
wedges,  3,3.  If  any  one  of  these  iron  wedges  be  taken 
out,  the  ends  of  the  bars  a  can  be  drawn  away  a  little 
fi-om  the  ends  of  the  connecting  plates  b,  and  so  the 
chain  will  be  lengthened;  or  by  di-iving  in  more  wedges, 
the  two  semicircular  pins,  1,  2,  are  separated  further 
and  the  chams  shortened.  The  bars  c  are  connected  to 
the  other  ends  of  the  connecting  plates  b,  by  screw 
bolts,  like  the  other  bars  of  the  chain.  The  whole 
distance  that  each  adjusting  Knk  can  be  lengthened  is 
9^  inches  :  so  that  as  the  chains  can  be  lengthened  19 
inches  between  the  pyramids,  and  9^  more  between 
each  pyramid  and  the  shore,  allowance  is  made  for 
38  mches  in  all. 

The  roadway  is  laid  upon  wrought-iron  cross-bars 
or  roadway  bearers,  suspended  from  the  ends  of  the 
vertical  suspending  rods.  The  bearing  bars  are  3i 
inches  deep,  and  J  inch  thick,  placed  1  inch  asunder, 
and  the  space  between  them  is  filled  up  with  a  piece 
of  deal.  They  are  tr-ussed  with  beut  ties  and  struts 
imderneath.  The  roadway  consists  of  two  thicknesses 
of  fir  plank,  the  lower  one  of  3  mches,  the  upper  one 
of  2  inches,  laid  parallel  with  the  length  of  the  bridge, 
upon  the  iron  cross  bearers.  The  lower  course  is 
bolted  to  the  wood  that  is  riveted  between  the  iron 


roadway  bars,  and  is  coTercd  with  patent  felt  satu- 
rated with  boUed  tar ;  the  second  course  of  planking 
is  spiked  through  to  the  lower  course.  In  the  middle 
of  each  carriage-way  a  third  coui'se  of  planking,  2 
inches  thick,  is  spiked  through  to  the  second,  through 
an  iutermcdiato  layer  of  feltiiig ;  and  an  oak  guard  is 
bolted  on  each  side  of  the  eamage-way  through  the 
two  lower  courses  of  plaukiug.  Also  to  stiffen  the 
roadway,  au  oak  plank  is  bolted  to  the  underside  of 
it  between  each  of  the  cross  bearers. 

All  the  suspended  iron-work  of  the  bridge,  before 
being  put  up,  was  proved  by  actual  strain  in  a  prormg 
machine,   at  the  rate  of  11  tons  strain  per  square 

The  chain- work  was  put  up  in  the  following  manner. 
The  chains  were  fu-st  put  together  in  the  tunnels, 
working  up  from  the  fastenings  to  the  mouths  of  the 
tunnels,  by  bringing  down  one  link  of  each  chain  at  a 
time,  and  bolting  it  to  the  one  previously  brought 
down.  The  chains  were  then  put  together  from  the 
mouths  of  the  tunnels  up  to  the  main  piers,  upon  a 
scaffolding  erected  on  the  masonry  between  the  pier 
and  tlie  shore,  with  the  proper  inclination  for  the 
back  stays.  The  chains  were  then  continued  over 
the  Caernarvon  pier,  and  allowed  to  hang  loosely 
down  to  the  level  of  high  water.  This  was  done  by 
suspending  a  cradle  large  enough  for  two  men  to  sit 
in,  from  a  crane-ann  set  up  on  the  top  of  the  pyramid. 
The  cradle  was  suspended  by  tackle,  so  that  the  men 
could  slack  it  down  or  haul  it  up,  to  raise  or  lower 
themselves  at  pleasure.  The  links  of  the  chain  that 
were  to  be  joined  on  to  the  ends  of  the  hanging  cham, 
were  brought  in  succession  along  the  road  to  the 
front,  or  the  sea  face  of  the  pyramid,  through  the 
arched  roadway  opening.  The  Mnk  was  then  taken 
up  by  tackle  from  a  pair  of  shears  placed  on  the  top 
of  the  pyramid,  and  lifted  up  to  the  height  of  the  link 
it  was  to  be  fixed  to,  where  the  men  in  the  cradle  got 
hold  of  it  and  brought  the  two  links  together,  and  put 
the  coupling  bolt  through  them. 

On  the  Anglesea  side  of  the  street  the  chains 
were  carried  just  over  their  saddles  on  the  top  of 
the  pier,  and  their  ends  were  retained  by  tackle 
made  fast  to  them,  and  descending  thence  to  capstans 
on  the  shore.     The  remaining  piece   or  length   of 
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cham  which  was  to  imite  the  two  ends  of  the  chains 
brought  up  from  each  shore,  was  laid  on  a  raft,  400 
feet  long,  and  6  feet  wide.  One  end  of  that  piece  of 
chain  was  first  attached  to  the  end  that  hung  down 
to  the  water  from  the  Caernarvon  pier,  and  then  tht 
raft  was  floated  across  to  the  Anglesea  pier,  and  the 
loose  end  of  the  chain  upon  it  was  fastened  to  the 
tackle  which  hung  down  from  that  pier.  The  tackle 
was  then  hauled  up  by  the  capstans  fixed  on  the 
shore,  and  the  chaui  was  gradually  raised  off  the 
raft  until  the  end  of  it  was  brought  in  contact  with 
the  end  of  chain  that  hung  over  the  top  of  the  pier. 
The  two  loose  ends  were  then  bolted  together  and 
the  operation  completed.  The  first  chain  was  thus 
raised  and  fixed  on  the  2Cth  May,  1825,  in  1  hour  35 
minutes.  The  other  15  chains  wore  successively  got 
up  in  the  same  way  at  subsequent  periods,  the  second 
cham  being  got  up  on  the  2Sth  April,  and  the  fif- 
teenth on  the  28th  Jime. 

The  hoisting  of  the  first  chain  is  thus  described 
by  Mr.  Provis,  the  resident  enghiccr : — "Wiilst  these 
operations  were  going  on  lulnw,  r;,.  .(nniiig  the 
two  ends  of  the  chain  at  tli     '  ;  i-  i,]  the 

two  capstans  were  mamicd   1^  '    l    '       l  nurcrs, 

and  everything  above  put  in  i    i  jn  Tin-  word 

"  go  along  "  was  then  given,  when  a  band  of  fit'ers 
struck  up  a  lively  tune,  and  tlie  capstans  were  in- 
stantly in  motion.  As  soon  as  each  main  fall  or 
leading  rope  had  coiled  from  the  bottom  to  the  top 
of  its  respective  capstan  barrel,  the  capstans  were 
stopped,  the  clams  screwed  hard  down  upon  the 
main  falls,  and  held  there  till  the  ropes  were  shipped 
(orfleclrl)  down,  i'ln:  1  ilie  tops  to  the  bottoms  of 
the  baiK  f       ■      i       ere  then  unscrewed,  afresh 

tuucsd  '^  11  resumed  their  task  with 

rene\^ril  -j:;!!.  Ai  i  '  they  had  little  to  do  but 
haul  up  the  slack  of  the  tackles,  but  when  these 
were  tightened,  and  the  weight  of  the  chain,  which 
was  gi-aduaUy  rising,  began  to  be  felt,  the  race  which 
they  had  hitherto  run  at  the  capstans  was  reduced  to 
a  steady  trot.  Before  the  chain  was  lifted  quite  ofi' 
the  raft,  the  dii-ection  of  the  tide  had  changed,  and 
the  anchors  being  all  on  what  was  the  up-stream  side 
of  the  raft  when  it  was  moored,  were  of  no  use  now 
in  resisting  the  force  of  the  contrary  current.  The 
raft  was  consequently  forced  from  under  the  middle 
of  the  chain,  which  swung  easily  off  into  the  water. 
Till  this  time  scarcely  a  word  had  been  heard  but 
the  directions  to  'hold  on'  or  'go  along,'  but  as  soon 
as  the  chain  was  fairly  suspended  above  the  sm-face 
of  the  water,  we  were  greeted  with  a  hearty  cheer 
from  the  suiTOunding  crowd.  As  soon  as  the  raff 
had  drifted  from  under  the  cham,  the  anchors  wore 
weighed;  the  ropes  which  held  to  the  ringbolts  at 
the  Caernarvonshire  pier  were  slacked  to  give  the 
raft  sufficient  play,  and  in  a  few  minutes  it  was 
floated  to  its  berth  on  the  shore  and  secured  in  readi- 
ness for  another  chain."  Many  of  the  strangers 
assembled  to  witness  the  operation  were  eager  to 
relieve  the  workmen  at  the  capstans,  "anxious  to 
have  it  in  their  power  to  say  they  had  helped  to  put 
up  the  first  chain  of  the  Menai  Bridge."     The  who!« 


operation  was  conducted  in  the  moS  satisfactory 
manner.  "  Every  nian  was  at  his  post  and  anxious  to 
do  all  he  could  to  ensui-e  success.  Not  the  slightest 
accident,  nor  even  a  single  hlunder,  occm-red  from 
the  time  of  casting  off  the  raft  till  the  chain  was 
seom-ed  in  its  place.  Mr.  Telford  now  ascended 
the  pyramid  to  satisfy  himself  that  all  was  right ; 
and  there,  suiTounded  by  his  assistants,  the  contrac- 
tors and  as  many  as  could  find  a  place  to  stand  on, 
received  the  congratulations  of  many  a  friend  to  the 
Bridge.  The  hats  on  the  pyramid  were  soon  off,  the 
signal  was  understood  by  all  around,  and  three  cheers 
loud  and  long  closed  the  labour  of  the  day.  The 
ceremony  was  scarcely  over  when  one  of  the  work- 
men got  astride  the  chain,  and  passed  himself  ^over  it 
to  the  opposite  side  of  the  Strait.  Another  followed 
soon  after  and  actually  had  the  temerity  to  raise 
himself  up  and  walk  over  30  or  40  feet  of  the  middle 
of  the  chain,  though  the  slightest  sUp  must  have 
sent  Mm  to  destruction ;  the  chain  being  only  9 
inches  wide,  and  its  height  at  that  time  above  the 
surface  of  the  water  not  less  than  120  feet."  ' 

It  is  related  in  the  appcmUx  to  the  Autobiography 
of  Telford,  (London,  1S3.S,)  that  when  the  second  chain 
had  been  got  up,  a  labourer,  after  finishing  liis  day's 
work,  sat  Mmself  down  quietly  on  the  centre  of  (Iv 
curved  pai-t  of  the  upper  suspension  chain,  with  lii  - 
feet  resting  on  the  one  below  it,  and  in  that  position 
actually  went  through  the  regular  operation  of  making 
a  pail-  of  small  shoes  in  the  short  space  of  2  hours : 
ho  afterwards  sold  the  shoes  for  a  sovereign,  and  was 
led  to  suppose  that  they  were  purchased  for  public 
exhibition  at  the  British  Museum. 

The  hoisting  tackle  consisted  of  two  ropes,  each 
Icadmg  from  a  capstan  fixed  on  the  shore  between 
400  and  500  feet  back  from  the  pyramid,  and  there 
passed  over  two  pulleys  14  inches  diameter,  fked  in 
a  strong  frame  placed  on  the  top  of  the  pyi-amid. 
Hence  the  ropes  passed  through  a  block  of  four 
sheaves  made  fast  to  the  end  of  the  piece  of  chain 
on  the  raft.  Hence  the  rope  led  up  again  through 
a  three-sheaved  block  at  the  top  of  the  pyramid, 
lashed  to  one  of  the  Hir-i,.;  of  ihc  bp.ek-stays,  and 
lastly,  through  a  'iii-I  \    1  ''  , ';  made  fast  to 

the  cud  link  of  the  ri.  ,  ,  '  ■  >  ,  ,ri-  the  summit 
of  the  pyi-amid,  to  wlm  ii  iii,>  rii<i  l.i-uiigiit  up  from 
the  raft  was  to  be  allaclicd.  The  barrels  of  the 
capstans  were  1  foot  8  inches  diameter;  the  axles 
aboiit  4  inches  diameter,  worked  by  8  spanners  of  10 
feet  radius,  and  maniied  by  about  150  men  for  the 

The  bridge  was  opened  on  the  30th  January  1820, 
or  65  years  after  its  commencement;  several  im- 
provements and  alterations  were  made  dm-ing  the 
summer  months  of  1826,  in  order  to  stiffen  tho 
chains  and  roadway.  There  is  no  perceptible  trans- 
verse vibration  of  the  roadway :  the  vertical  undu- 
lation before  the  introduction  of  the  transverse  ties 
and  diagonal  lacing  was  about  IS  iuclics,  but  after- 


scriptive 


wards  it  was  not  found  to  exceed  0  inches.  The 
chams  are  scraped  and  painted  once  in  3  years.  The 
longitudinal  motion  on  the  pyramids  by  expansion 
and  contraction  of  the  chains  has  been  observed  to 
the  extent  of  3  inches. 

The  weight  of  the  16  main 
chains  between  the  points  of 
support,  including  connect- 
ing plates,  screw  pins,  wedges, 
&c.  is  computed  at      .     .     .     391     5     0    16 

The  transverse  ties     ....        3  10     2     20 

The  weight  of  the  suspending 
rods  and  platform,  viz.  road- 
way bars,  planking,  side-rails, 
ii-on-work,  &c 215  13     2     27 


TVlieuce  the  tension  of  the  iron  at  each  pouit  of 
suspension  is  by  the  weight  of  the  bridge  itself, 
according  to  experiment,^  1.7  times  643  „  15  „  2  „  7 
=  1,091.42  tons. 

The  entire  section  of  the  80  bars  is  80  X  3.25  = 
^''1    ,         ii'^M"?,  which  would  bear  without  breaking 

\''  '■'  Telford's  experiments,  about  half  the 

I  v,  Vi  J  : ,  ill,  (II-  3,513  tons,  would  produce  perma- 
uoiit  flimgafion;  and  if  we  take  the  standard  of  9 
tons  per  square  inch,  the  chains  will  bear  constantly 
without  any  risk  9  x  260  =  2,310  tons  or  2,310  - 
1,091.12  =  1,215.5  tons  of  strain  produced  by  tho 
weight  of  the  bridge  itself.  Therefore  it  may  be 
perpetually  loaded  without  any  injury  with-s^ii-?  or 
about  732i  tons  besides  its  own  weight. 

Such  are  the  details  of  the  Menai  Suspension 
Bridge.  Pew  works  connected  with  the  profession 
of  a  Civil  Engineer  have  excited  more  interest,  "for," 
as  Ml'.  Provis  remarks,  "  though  the  principle  of  its 
construction  is  old  as  the  spider's  web,  the  application 
on  a  scale  of  such  magnitude,  the  durability  of  the 
materials  of  which  the  bridge  is  composed,  and  the 
scientific  combmation  of  its  various  parts,  render  it 
one  of  the  noblest  examples  of  British  skiU.  As 
a  pubUo  convenience  too,  it  is  of  the  highest  im- 
portance ;  for  instead  of  an  uncertain  ferry  over  an 
often  tempestuous  strait,  at  all  tunes  crossed  with 
trouble  and  delay,  and  frequently  at  the  risk  of  life, 
a  commodious  roadway  has  now  been  established 
between  its  shores,  that  can  be  passed  at  all  times 
with  safety  and  comfort." 

The  Conway  Suspension  Bridge  was  bmlt  to  replace 
a  ferry  across  the  estuary  between  the  town  of  Con- 
way and  the  opposite  shore  that  leads  to  Chester, 
and  to  connect  by  a  safe  and  permanent  road  across 
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that  estuary  the  towns  of  Bangor  and  Chester.  It 
was  commenced  in  1S22,  and  completed  in  182G,  and 
differs  but  little  in  construction  from  that  of  the 
Menai  Bridge.  The  chains,  however,  were  put  up  in 
a  diiferent  mamier.  A  temporary  rope  bridge  was 
made  with  the  ropes  used  for  the  hoisting  tackle  at 
the  Menai  Bridge ;  and  on  that  the  chains  were  put 
together  in  the  places  intended  for  them ;  after  which 
the  ropes  were  slacked  and  the  chains  adjusted  to 
tiietr  proper  tension.  The  distance  between  the 
points  of  support  is  327  feet,  the  deflection  22-^  feet, 
aud  the  height  of  the  under  side  of  the  roadway 
above  high-water  of  spring  tides  is  15  feet. 

Ahou.t  the  time  when  the  Couwav  Bridge  was 
h. /nil,  i':>-T^  :  '■  i  ft  ':!  P:  ■'.',. I--  ruinmeuced  by 
(  !'  I  ■  I    .  .'      ,  '  v,:is  opened  in 

^■  V         :    1      ■      1'  I      >   ilio  sea  1,0U 

irri  iVn,,;  ;!v  r •  i.r  :'-  >  -;.'  ,:vulr  V  >11.     Tho  entu'e 

length  of  the  bridge  is  l,loO  feet,  in  foiu-  openings, 
each  of  255  feet  span  aud  IS  feet  deflection.  The 
extreme  breadth  of  the  platform  is  13  feet,  and  the 
clear  breadth  12  feet  8  inches.  Tho  suspension 
towers  consist  of  pyramidal  cast-iron  frames,  one  on 
each  side  of  the  bridge,  united  by  an  arch  at  the  top. 
They  are  25  feet  high,  10  feet  apart,  and  weigh  each 
about  15  tons.  They  stand  on  clmnps  of  piles 
di-iven  about  10  feet  into  the  challc  rock  that  forms 
the  bed  of  the  sea,  and  rising  13  feet  above  high 
water.  The  clump  of  pdes  at  the  outer  end  or  pier 
head  is  in  the  form  of  the  letter  T,  and  contains  150 
perpendicular  piles  besides  the  diagonal  piles,  framed 
strongly  together  with  walmgs  and  cross  braces. 
On  tliem  a  platform  is  laid  SO  feet  by  40,  paved  with 
a  course  of  Purbeck  granite.  The  three  other  clumps 
contain  each  20  pUes,  besides  the  diagonal  piles. 
The  platform  is  supported  by  4  chains  on  each  side 
of  the  bridge,  arranged  two  in  breadth  and  two  in 
depth.  They  are  of  wi-ought-iron  round  eyebolts 
about  2  inches  in  diameter,  10  feet  long,  and  united 
by  open  coupling  links  aud  bolt-pins.  They  rest 
upon  saddles  on  the  upper  part  of  the  suspension 
towers.  The  chains  on  the  land-side  are  carried  o\  i- 
a  suspension  pier  of  masonry,  and  the  back  stays  are 
carried  through  two  tunnels  in  the  cliff  and  properly 
secm-ed.  The  back  stays  at  the  pier  head  are  fastened 
to  the  diagonal  piles.  The  platform  is  suspended 
from  the  main  chains  by  vertical  suspending  rods  1 
Inch  in  diameter  aud  5  feet  apart,  viz.  one  at  every 
coupling  of  the  chains.  At  their  upper  ends  they 
are  formed  with  a  cross  or  T  head.  Figs.  321,  322, 
which  IS  supported  by  a  cap  le-^^uig  upon  the  ends  of 


In  chains  and  couphns: '    ^ 

couplmg     A  square  cavity  i  i    1 
lower  part  of  each  of  the  cip- 
--' e,  through  which  the  T  h 
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rod  is  put  upwards,  and  being  turned  round  in  it 
across  the  slit,  is  borne  up  by  the  cap  as  shown  in 
Fig.  322.  The  lower  ends  of  the  vertical  rods  spread 
out  into  forks,  which  clasp  over  and  are  fastened  by 
cross  pins  to  a  longitudmal  side  bearer  made  of  bars 
of  flat  iron,  bolted  together  and  extending  from  tower 
to  tower.  On  the  side  bearers  are  laid  cross  joints 
71  niches  deep  by  3i  thick,  and  over  these  is  laid 
a  course  of  planking  for  the  roadway.  The  platform 
is  guarded  and  stiHeued  by  an  iron  railing  or  parapet. 
Considerable  diliicidty  was  experienced  in  driving 
the  piles,  ou  account  of  the  hardness  of  the  bed  of 
the  sea,  and  the  storms  which  are  common  on  that 
coast.  The  work,  however,  was  com]ilcted,  and  tho 
pier  continued  duiii  /  ,    i,;,  ■,,  ■■  .  tn  r, 


Itw 
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tempest;  but  at  It;  :       :  :    ,    ,  I 

to  a  gale  of  wind.     'Ihri.  r.oway 

half  an  hour  after  luid-dav  i!    '        ."    '  '  wliieh 

time  Osier's  anemometer  reel  Mill  ;, ;  r  i-uised 

by  the  wind's  force  at  Biiiiiiii  '  i:!i  i  .  ri[i  ,il  |,j  Hi 
pounds  on  the  square  fuul.  'ihu  liaroiiicter  at 
Greenwich  had  sunk;  to  29.21 ;  the  wind's  force  there 
also  being  denoted  by  Hi.  There  was  a  double 
motion  in  the  pier,  for  both  chauis  aud  roadway 
oscillated  laterally,  and  luididated  longituduially ;  but 
the  latter  movement  increased  greatly,  whilst  tlio 
fonner  diminished,  just  before  the  fracture  took  place. 


It  was  probably  owing  to  tlus  double  motion  that 
half  the  upper  part  of  the  roadway,  and  half  the  undet 
part,  were  visible  to  the  spectators  at  the  same 
instant.  As  soon  as  the  side-rails  gave  way,  the 
undulations  greatly  increased,  and  almost  immediately 
afterwards  the  roadway  broke.  It  was  remarked  at 
the  time  that,  had  the  side-railiug  been  a  trussed  rail, 
the  pier  would  probably  have  withstood  the  force  of 
the  storm.  Fig.  323  is  a  sketch  of  the  ruins  of  the 
pier  after  the  accident. 

The  suspension  bridge  at  Montrose  was  blown  up 
by  the  hurricane  of  the  11th  October,  183S.  Colonel 
Pasley,  who  was  sent  to  mspeet  the  bridge,  remarks, 
that  "  it  was  blown  up  fi-om  below ;  it  being,  like  our 
English  roofs,  rather  resting  by  its  own  weight  than 
secured   ngamst  hun-icane  action.     The   bridge   at 


Montrose  bad  nothing  to  stiffen  it  lousjitudinally  in  a 
vertical  dli-ection.  Iron  transverse  beams,  supported 
bj  the  rods,  had  two  tiers  of  planking  over  them,  and 
a  light  railing  on  each  side,  like  that  of  a  conunon 
balcony.  The  suspension  bridge  at  Hammersmith, 
on  the  contrary,  has  railing  of  strong  u-on  posts,  and 
the  rest  of  vrood,  on  each  side  ;  and  two  longitudinal 
sets  of  king-post  trusses  on  each  side  of  the  carriage- 
way, and  between  it  and  the  footpaths." 

Mr.  Kendell  was  employed  by  Government  to  repair 
the  chain  bridge  at  Montrose.  The  maimer  in  -which 
he  proposed  to  truss  the  bridge,  to  prevent  a  re- 
currence of  the  same  misfortune,  is  here  shown.  Tig. 
321  is  a  longitudLual  section  of  the  trussed  rail,  which, 


^^^^t: 


r:&: 


it  will  be  seen,  passes  below  the  bridge  as  well  as 
above  it ;  and  Pig.  32.5  is  a  transverse  section,  showing 
cross-bracing  at  every  35  feet,  below  the  roadway. 


nited  space  will  not  admit  of  any  details 
respecting  the  many  beautiful  suspension  bridges 
which  have  been  erected  in  this  country  and  elsewhere 
since  the  opening  of  the  Menai  Bridge.  The  Hammer- 
smitli  Suspension  Bridge,  by  Mr.  W.  T.  Clarke,  and 
the  Huugerford  Bridge,  will  repay  an  attentive  study 
on  the  part  of  those  interested  professionally  in  these 
subjects.  The  former  is  described  in  Mr.  Drewry's 
work,  together  with  a  number  of  other  bridges,  either 
proposed  or  actually  erected,  np  to  the  date  of  its 
pubHcation,  in  1S32. 

Some  of  the  French  engineers  have  preferred  wire 
to  bar-kon  for  suspension  bridges.  The  reasons 
given  by  them  for  this  preference  are,  that  iron  wire  is 
stronger  than  bar-iron ;  that  cables  of  wire  can  be 
put  together  more  easily  and  rapidly  than  chains; 
that  it  is  more  easy  to  ascertain  whether  it  be  sound 
or  not ;  and,  that  it  is  easier  to  get  wire  cables  up 
into  their  places  than  bar-chains. 


The  facility  of  working  wire,  witliout  heavy  ma- 
chinery, may  render  its  use  expedient  in  small  struc- 
tures ;  but  it  has  many  disadvantages  for  larger  ones. 
First,  as  Mr.  Drewi-y  states,  "  although  a  single  wire 
is  stronger  per  square  inch  than  a  bar  of  iron,  it 
is  much  to  bo  doubted  whether  a  cable  made  of  wires 
is  stronger  than  a  bar-chain  of  equivalent  dimensions, 
because  of  the  inequality  of  tension  in  the  several 
wires,  which  throws  a  greater  share  of  strain  on  some 
than  on  others,  and  therefore  reduces  the  effective 
length  of  the  cable  to  that  of  a  cable  of  less  diameter. 
This  inequality  it  is  hardly  possible  to  prevent,  even 
if  the  wires  are  drawn,  in  making  up  the  cables,  to 
the  same  curvature  that  they  are  intended  to  have 
when  in  their  places.  Secondly,  wii-es,  exposing  a 
greater  surface  than  bars  of  equal  section,  are  more 
qiuckly  destroyed  by  oxidation.  A  coating  of  varnish, 
it  IS  true,  may  somewhat  preserve  them ;  iDut  bars 
may  also  be  preserved  by  varnish  and  painting,  and 
ni  e  still  on  that  point  superior  to  -wire  cables.  Thirdly, 
lie  veiy  apt  to  have  kinks  and  bends  in  them, 
CTunot  be  got  out  without  a  very  considerable 
■ind  when  that  has  been  done,  it  is  difficult  to 
1  iin  whether  the  wire  has  not  been  permanently 
injured  at  that  part.  The  long  bends,  also,  that 
formed  frequently  in  wire  can  hardly  be  got  rid  of  at 
all  ...  Lastly,  although  a  small  cable  is  very  easily 
got  up  into  its  place,  it  is  so,  not  because  it  is  a 
cable,  but  because  it  is  comparatively  small  and  light." 

In  1S23,  a  wire  bridge  was  erected  over  the  double 
ditch  of  the  fortifications  at  Geneva.  The  wires  were 
of  small  size,  laid  together  side  by  side,  and  bound 
j  up  into  small  cables  by  wire  wound  spu-aUy  round 
them.  It  was  erected  under  the  direction  of  Colonel 
I  Dufour,  an  ofBeer  of  engineers,  at  the  cost  of  little 
more  than  6iO/.  The  inner  ditch  is  109  feet  wide, 
the  outer  one  75i  feet  wide,  and  the  embankment  or 
j  counterguard  between  the  two  82^  feet  wide.  The 
breadth  of  each  opening  is  131  feet  clear  between 
the  piers,  which  are  of  masonry.  The  main  cables 
pass  over  the  piers  in  grooves  formed  in  bed  stones 
on  the  tops  of  the  piers :  the  edges  of  the  grooves 
are  rounded  off  where  the  cables  come  on  them,  and 
are  covered  with  a  thin  brass  plate.  The  ends  of  the 
cables  at  the  tower  end  are  attached  to  vertical  bars, 
7i  feet  long,  and  If  inch  square,  which  descend  close 
against  the  back  of  the  pier;  their  lower  ends  are  linked 
to  horizontal  bars  laid  on  edge  in  the  foundations  of 
the  piers.  The  back  stays  being  thus  caiTied  down 
perpendicularly,  this  pier  has  to  bear  aU  the  drag  of 
the  bridge  to  pull  it  over,  and  is  made  larger  and 
stronger  than  the  others  in  proportion.  At  the  oppo- 
site end  of  the  bridge,  the  cables  are  fastened  to  inclined 
bars.  The  cables  are  in  several  lengths,  there  being 
one  long  cable  across  each  opening,  and  three  short 
ones  over  each  pier.  By  varying  the  different  lengths 
of  the  short  connecting  cables  that  lie  on  the  tops  of 
the  piers,  the  main  cables  are  adjusted.  The  ends  of 
the  long  cables  are  fastened  to  the  short  ones  by  wire 
links,  Fig.  327;  loops  at  the  ends  of  the  cables  are 
made  like  the  loop  of  a  cord,  by  simply  turning  the 
wires  back  upon  themselves,  and  then  binding  the 
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united  by  bolt  pins  mule  lirllim  th  it  they  may  le 
of  laige  diameter  without  benig  hea-\y  Wheic  the 
eables  aic  looped  loimd  the  ends  of  the  uon  b  us  toi 
the  bacl  stays  h  Fig  'V>'^  a  smaU  semicuculai  biass 


wisher  a  i    intei  posed    to  prevent  the  wire  being 
bent  too  abiuptly 

The  platform  consists  of  cioss  joints  suspended 
fioiii  the  inim  cables  by  shoit  veit  cal  cables  each 
eonfainiiij,  12  wues  The  uppei  ends  aie  looped 
irui  il  tilt  mam  cables  and  the  ends  tied  lonnd  by  a 
wii  m  the  i;i ay  dcscubed  of  the  loops  it  i'  II 
(ht  callci,  anil  tlic  lowti  ends  die  sm 
luu  1 1  the  cnil^  ol  tlit  cioss  jomts  and  il 
I  11  4    t  IS  31  tci  t  hi^h   composed  ot  sm  Hi      i  i 

Mtl    I  lop  lad   andtwo  othei  ladsof  Hat  iinu      llie 
p  11  i|if  t   s  inside  the  suspension  wu^es  to  guaid  the  n 

1  nil  iiijuiy     It  IS  "Steadied  by  diagonal  ties  abou*- 

'o  littliouieicheni 


40  S85  =  ISi  tons. 

a  lie  an^le  of  diicelion  of  the  chains  is  19°,  and 
the  tension  foi  that  angle  is  about  1.5  times  the 
\i  eight  —  271  tons  The  ultimate  strength  of  the 
cables  is  111*  tons  and  they  might  be  safely  loaded 
with  one  thud  of  th  it  or  37  tons  instead  of  27i 
The  budge  labiates  ^ery  much  fiom  the  great  slack- 
ness and  lightness  of  the  constuiction.  It  is  well 
adapted  foi  its  puipose  being  intended  only  for  foot 
passengers  but  it  woid  1  be  dangeious  to  allow  it  to 
be  completely  loaded  oi  to  allow  more  than  50  men 
to  nnich  over  it  m  step 

The  most  lonnil  able  wire  suspension  bridge  in 
Em  ope  on  account  of  its  dnnensions  and  height,  is 
that  of  Freybnrg  m  Switzeihnd  commenced  by  M. 
Ghaley  of  Lyons  in  the  sprmg  of  1832,  and  opened 
tn  the  pnbhe  on  the  <'  d  August  1831..  This  bridge 
1  I        i     i    I     I       I     I    rf  S70  feet,  andissus- 

I         I  I '  7  feet  above  the  river 

niiis319  feet  longer  than 
I       \ '       I  I      !  let  higher.     "  It  is  sup- 

poitid  on  4  cilil  of  II  inline  each  containing  1,056 
wiies  the  united  stiength  of  which  is  capable  of 
supportmg  thiee  time^  the  weight  wliich  the  bridge 
wnl  ever  be  h!  ely  to  beai   or  tliree  times  the  weight 
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of  two  rows  of  waggons  extending  entirely  across  it. 
The  cables  enter  the  ground  on  each  side  obliquely  for 
a  considerable  distance,  and  are  then  carried  down 
vertical  shafts  cut  in  the  roc!:,  and  filled  with  masonry, 
through  which  they  pass,  being  attached  at  the  ex- 
tremity to  enormous  blocks  of  stone.  The  materials 
of  which  it  is  composed  are  almost  exclusively  Swiss. 
The  iron  came  from  Berne ;  the  limestone  masonry 
from  the  quarries  of  the  Jura ;  the  woodwork  from 
the  forests  of  Freyburg ;  the  workmen  were,  with  the 
exception  of  one  man,  natives,  who  had  never  seen 
such  a  bridge  before.  It  was  completed  at  an  ex- 
pense of  about  25,000;.  sterling,  and,  in  1S3J-,  was 
subjected  to  various  severe  trials,  to  prove  its  strength. 
First,  15  pieces  of  artillery,  drawn  by  50  horses,  and 
accompanied  by  300  people,  passed  over  it  at  one 
time,  and  were  collected  in  as  close  a  body  as  possible, 
first  on  the  centre  and  then  at  the  two  extremities, 
to  try  the  effect  of  their  concentrated  weight.  A 
depression  of  39^  inches  was  thus  produced  in  the 
part  most  weighed  upon ;  but  no  sensible  oscillation 
was  occasioned.  A  few  days  after,  the  bridge  was 
opened  by  the  bishop  and  the  authorities  of  the  town, 
accompanied  by  about  2,000  persons,  who  passed  over 
it  twice  in  procession,  preceded  by  a  military  band, 
and  keeping  step.  On  this  occasion  a  slight  horizontal 
vibration  was  produced;  but  it  is  very  improbable 
that  the  bridge,  in  its  ordinary  service,  will  ever 
receive  such  a  multitude  at  once.  The  passage  of  2 
or  3  heavy  carriages  or  carts  across  it  causes  only  the 
slightest  perceptible  oscillation ;  and  nothing  is  more 
extraordinary  in  this  beautiful  structure  than  the 
combination  of  stability  with  such  apparent  fiagiUty." ' 
We  learn  from  the  same  authority  that  another 
wire  bridge,  6-tO  feet  long  and  317  high,  has  been  sus- 
pended across  the  gorge  of  Gotteron.  It  was  finished 
in  1840.  The  wire  cables  are  attached  immediately 
to  the  solid  rock  on  each  side,  and  the  point  of  sus- 


pension is  higher  on  one  side  than  on  the  other,  which 
gives  it  the  appearance  of  half  a  bridge.  The  object 
of  this  mode  of  eonstmction  was  economy,  the  expense 
of  building  piers  of  masonry  from  the  bottom  of  the 
valley  being  thus  saved. 

But  even  the  Freyburg  Suspension  Bridge  has 
been  excelled  by  a  wire  bridge  recently  constructed 
over  the  Niagara  River  in  North  America.  It  is 
buUt  over  the  river  at  a  point  about  IJ  mile  below 
the  Falls,  and  directly  over  the  fearful  rapids  which 
commence  at  this  point.  The  bridge  is  nearly  800 
feet  in  length,  and  is  suspended  200  feet  above  the 
river.  Upon  the  very  edge  of  the  precipice  which 
bounds  each  shore  of  the  river  towers  80  feet  high 
have  been  built,  and  at  a  point  about  100  feet  in 
their  rear  the  immense  wire  cables  which  sustain  the 
bridge  are  firmly  secured.  These  strands  pass  from 
their  fastenings  immediately  over  the  top  of  the  tower 
upon  either  cliff ;  they  pass  thence  across  the 
chasm,  and  then  over  the  top  of  the  tower  upon 
the  opposite  shore,  in  the  rear  of  which  the  ends 
are  fastened  into  the  rocks.  Two  of  these  powerful 
cables,  one  on  each  side,  support  the  bridge.  "  Step- 
ping upon  the  bridge,  before  you  walk  20  feet  from 
the  shore  you  find  yourself  suspended  in  the  air  several 
hundred  feet  above  a  mass  of  jagged  and  flinty  rocks 
over  and  among  which  the  waters  of  Niagara  plunge 
with  ten-ific  velocity.  To  add  to  the  sensations  of 
ten'or  which  this  fearful  scene  is  calculated  to  produce 
at  first  glance,  yon  find  the  bridge  oscillating  and 
bending  beneath  your  weight.  It  requires  consider- 
able nerve  to  cross  this  aerial  structm-e,  and  there  are 
few  who  have  firmness  enough  to  look  over  the  side 
into  the  awful  surf.  The  bridge  is  about  10  feet  in 
width,  and  a  temporary  railing  of  wire  and  slats  of 
wood  has  been  constructed  at  each  side.  The  flooring 
is  composed  of  light  planks  resting  upon  thin  scant- 
lings, to  which  the  wii-es  are  fastened." ' 


!Mr.  Dredge  of  Bath  has  adopted  a  new  principle  in 
the  construction  of  suspension  bridges,  which,  it  was 
supposed,  would  produce  an  elegant  effect,  with  eco- 

)my  of  material  and  stabOity  and  strength  of  structure. 


pension,  to  support,  it  was  supposed,  the  greatest  per- 
manent and  contingent  load  to  which  they  were  likely 
to  be  exposed;  and  from  thence  they  taper  or  diminish 
gradually  to  the  middle  of  the  bridge,  where  the  strain 


(Fig.  329.)     In  this  invention  the  chains  are  made  of  I  becomes  least.     The  suspending  "rods  or  bars  that 
sufficient  magnitude  and  strength  at  the  points  of  sus-     support  the  platform,  instead  of  being  hung  vertically 


or  at  right  angles  to  the  plane  of  the  horizon,  as  is 
usually  done,  are  inclined  to  it  in  angles  which  vary 
in  magnitude  from  the  abutments  to  the  middle  of 
the  bridge,  where  the  obliquity,  as  well  as  the  stress 
upon  the  chains,  attains  its  minimum  value.  It  was 
stated  at  the  time  when  the  invention  was  introduced, 
that  "much  judicious  management  is  necessary  on  the 
part  of  the  engineer,  to  fix  upon  that  degree  of  obli- 
quity which  shall  produce  the  greatest  effect.  Each 
bar  is  considered  to  perform  its  part  in  supporting  the 
load,  in  proportion  to  its  distance  from  the  abutment, 
drawn  into  the  sine  of  the  angle  of  its  direction,  so 
that  the  entire  series  of  suspending  bars  transmits  the 
same  tension  to  the  points  of  support  as  would  be 
transmitted  hy  a  single  bar  reaching  from  thence  to 
the  middle  of  the  bridge."'  Experience, however  his 
proved  that  bridges  on  this  principle  aie  dLhciiut  m 
resisting  power  to  horizontal  as  well  as  tnnsvti 
waves  just  at  the  points  where  their  action  ib  ^  I 
so  that  in  some  of  the  bridges  on  this  1 1  r  1 1 
the  Regent's  Park,  Loudon,  foi  esiuiil  )  tl  | 
forms  have  had  to  be  supported  by  a  tin  1      I 

Section  VI.— On  Iron,   Gir.Mr,    'i>d    liriiv 
Brldgics. 
The  extensive  employment  of  non  at  the  jics 
day,  is  one  of  the  cousequcuoes  of  the  impio\eme 
which  have  taken  place  ill  its  111, m  I    I   i         m   il 
tlie  increased  facilili,      1   ,    >         , 
navigaf  ion,  road^,  i ,  i .  1 , 


arches  is  55  feet.  The  form  of  this  bridge  is  well 
adapted  to  the  high  banks  of  the  Severn,  at  the  place 
where  it  crosses.  The  bridge  was  buUt  by  Darby,  but 
the  design  appears  to  have  originated  with  Mr. 
Pritchard. 

In  1787,  Thomas  Paine  presented  to  the  Academy 
of  Sciences,  at  Paris,  a  model  of  an  iron  bridge  con- 
structed by  liim ;  and  in  the  following  year,  during  his 
residence  at  Eotherham  in  Yorkshire,  a  bridge  chiefly 
of  wrought-irou  is  said  to  have  been  erected,  but  was 
aftenvards  taken  down. 

In  1790  Mr.  Rowland  Biu-don  designed  a  cast-ii-on 
arcli  for  the  River  Wear  at  Siuidcrlaud,  on  a  peculiar 


J   . 


first  i 


.    It  is 


pjan  of  constiuction,  for  which  1 
It  consisted  m  "  i  cei  tarn  mode  c 
uniting  and  applymg  cast  urn  1 
tuted  in  lieu  of  key  stoii  . 
aiehes  "     In  this  way  it  \\  i 
common  foim  and  pimcq  1 
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mamici  of  making. 
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'pandid 


I'  It  111  1  Mith  e.  I  nnntubuhi  I  i  leos  and 
I  ml  llif  I  iiidi lis  arc  filled  mw.th  cast  n on  ouoles, 
^  '  ^  1 1  I  tiiig  at  then  pcnpheues,  and  suppoi ting 
fh  1  udtt  1^  which  IS  formed  upon  a  strong  timber 
fnmc  phnkcdovcr  and  covered  with  a  mixtme  of 
chalk  and  tai,  upon  which  is  placed  a  layer  of  mari, 
limestone  and  giavcl  The  budge  is  80  feet  wide , 
the  abutments  aie  of  stone  founded  on  lock,  md  are 
U  feet  thiol ,  and  from  37  to  13  feet  ^  ido  'ihe  ii  on 
woik  consists  of  214  toiu  of  cast,  aid  Jfi  tens  of 
maUeable  uon  The  budge  was  completed  within  thi  or- 
veais,  at  a  total  cost  of  20,000/  In  Octobci  1816, 
it  was  disposed  of  m  a  Inttciy  foi  30  000/  The  cou' 
fined  situation  of  the  site  icndered  it  ncccssaiy  to 
ciect  the  biiuge  without  mternipting  l,he  passage  of 


ships  with  their  riggingr  standing.  For  this  pm-pose, 
a  perpendicular  scaffolding  was  laised  upon  piles  in 
the  miJille  of  the  ri\er,  a  suliicient  space  beuig  left 


on  each  side  for  the  vessels.  The  centre  for  suppoi-t- 
ing  the  arch  was  fixed  on  this  scaffolding.  Some  time 
after  the  centre  was  removed,  the  arch  was  found  to 
have  moved  in  a  horizontal  direction  eastward,  fonning 
a  curve  of  12  to  18  inches  versed  sine.  This  danger- 
ous and  unexpected  occurrence  was  skilfully  counter- 
acted by  introducing  transverse  and  diagonal  tie-bars 
and  braces,  assisted  by  screws  and  wedges,  by  which 
the  whole  was  restored  to  its  original  position. 

Several  iron  bridges  were  erected  by  Telford,  the 
first  of  which  was  that  across  the  Severn,  at  Buildwas, 
in  Sliropshire,  consisting  of  a  single  arch,  130  feet 
in  span,  with  a  versed  sine  or  rise  of  27  feet.  The  arch 
consists  of  3  ribs,  9  feet  apart,  or  18  feet  wide  from 
out  to  out.  These  ribs  are  3  feet  10  inches  in  depth, 
and  connected  transversely  by  tie-bars.  The  spandrils 
for  supporting  the  roadway  are  formed  of  vertical 
bars  of  cast-iron,  and  the  abutments  are  of  stone. 

The  largest  iron-arch  bridge  is  the  Southwark 
Bridge  over  the  Thames,  at  London.  It  was  designed 
and  erected  by  Rennie.  It  consists  of  3  arches,  all 
segments  of  the  same  chcle ;  the  centre  areli  being 
240  feet  in  span,  with  a  rise  of  24  feet,  and  the  two 
side  arclies  bemg  each  210  feet  in  span,  with  a  rise 
of  18  feet  10  inches.  The  piers  are  24  feet  thick; 
the  width  of  the  roadway  over  the  bridge  is  28  feet, 
and  the  footways  on  either  side  are  each  7  feet  in 
vdiih.     Each  arch  consists  of  S  ribs,  and  each  rib  of 


15  pieces,  of  such  a  dept'n  that  the  rib  is  C  feet  deep 
at  the  cro^i-n,  and  8  feet  deep  at  the  springing.  The 
metal  is  2^  inches  thick  in  the  middle,  and  4f  inches 
at  the  top  and  bottom  of  the  ribs.  The  ribs  are  con- 
nected transversely  by  oast-iron  tie-braces,  of  the 
same  depth  as  the  ribs,  but  open  in  the  centre  of 
each ;  and  in  the  diagonal  direction  the  ribs  are  con- 
nected by  another  series  of  ribs,  so  that  each  arch 
c  jhbibts  of  a  series  of  hollow  masses  or  voussoirs, 
siuiil.ir  to  those  of  stone  bridges.  All  the  segmental 
cr.stmgs  forming  each  arcli,  as  well  as  the  transverse 
and  diagonal  tie-braces,  are  kept  in  their  places  by 
dovetailed  sockets,  and  long  oast-iron  wedges,  thus 
obviating  the  necessity  for  bolts.  The  spandrils  are 
composed  of  cast-iron  diagonal  framing,  and  the 
roadway  is  formed  upon  east-iron  plates,  resting 
ujiiiu  the  spandrils,  and  joined  with  iron  cement. 
1  ilnitments  and  piers  are  of  stone,  built  upon 
lis  of  timber,  and  surrounded  by  guard  or 
)ii'j  pUes,  driven  into  the  bed  of  the  river.  In 
luL  LiLLtion  of  the  bridge,  the  ribs  were  commenced 
in  the  centre  of  the  span,  and  continued  regularly  on 
both  sides  towards  the  piers  and  abutments.  Upon 
these,  connecting  and  bed  plates  were  secured  in  the 
masom-y,  and  when  the  last  segment  of  each  rib  was 
fixed,  3  wedges  of  cast-iron,  each  9  feet  long  and  9 
inches  wide,  were  introduced  behind  each  rib,  and 
nicely  fitted  and  adjusted  to  them.  These  wedges 
were  formed  with  a  very  shght  taper,  and  were  driven 
simultaneously  with  heavy  hammers,  so  that  the 
arches  were  nearly  lifted  from  the  centres,  which 
were  thus  readily  removed.  The  whole  of  the  iron- 
work had  been  so  carefully  prepared,  that,  when  the 
work  was  completed,  scarcely  any  sinking  of  the 
arches  could  be  detected.  It  was  found,  from  ex- 
perunents  made  during  the  progress  of  the  works, 
that  the  average  effect  of  the  expansion  caused  by 
the  summer  merease  of  temperature  was  a  rise  of  the 
it  of  about  1|  inch  at  the  crown, 
,_'  !;  ,r<l  points.  The  weight  of 
I.  ,  ..IS  1,605  tons;  in  the  two 
ikingatotalof  4,585  tons. 
iL'  liua  bridge  was  iim  on  the  1st 
id  the   bridge  was   opened   25  th 


arches,  to 

the  abut  I 


January,  1815 
March,  1819. 

Iron-arch  bridges  are  the  same  in  principle  as  arch- 
bridges  of  stone  and  other  materials,  which  derive 
their  strengtli  and  stability  by  transferring  the  effect 
of  the  loads  placed  upon  them  to  the  abutments. 
But  "  when  the  peculiar  properties  of  cast-iron  had 
been  studied,  with  a  view  to  its  extended  application 
in  buildings,  and  the  proportions  had  been  correctly 
determined  for  beams  of  this  material,  intended  to 
supersede  horizontal  beams  of  wood,  their  employ- 
ment in  the  formation  of  bridges  of  limited  span  soon 
followed ;  and  in  the  railway  works  executed  during 
the  last  twenty  years,  we  have  numberless  examples 
of  cast-iron  girder-bridges,  as  we  have  also  of  cast-iron 
arch-bridges,  of  considerable  dimensions,  and  great 
ingenuity  of  design  and  arrangement.  The  east-iron 
girder-bridge,  depending  for  its  strength  upon  the 
sectional  area  of  the  girder,  at  that  point   in  its 


Jength  over  which  the  weight  or  load  acts,  reqmies 
abutments  to  resist  veitical  picssure  only  ,  ^^hllc  the 
abutments  of  irch  budges  ha\c  to  resist  the  hteral 
thrust  ot  the  arch  lu  the  east  u:on  glider  budge, 
moreover,  the  depth  of  the  stiuctiire  is  reduced  to 
that  of  the  section  ot  m  iteual  due  to  the  mixnnura 
load ,  and  hence  the  pccidnr  apphcibdit^  of  this 
form  for  radway  bridges  m  -n  hich  it  is  dtsiriblc  to 
preserve  a  minimum  distance  fiom  the  imdei  side  or 
soffit  of  the  ^  1  it!  to  the  level  of  the  Trndway  1  ovc 
But  the  hi    Iff  1 

appUoabk  1 
bridges  I 
themiM  111  1 


n  gud  1 


ibt 


11    1 


with  ladw  ay  tiims  or  othei  heavy  weights  "  ' 

The  desiie  to  retain  this  convenient  form  of  striic 
ture,  and  to  extend  its  use  to  laigei  spans  has  led  to 
attempts  to  combine  wrought-iron  witli  east  metal ; 
malleable-iron  bars  or  rods  being  fitted  to  cast-iron 
gii-ders,  so  as  to  form  a  kind  of  metal  trussing,  the 
depth  of  the  truss  being  Ihnited  to  that  of  the  girder. 
But  the  great  defect  in  these  compound  constructions 
consists  in  the  difficulty  of  making  the  two  kinds  of 
iron  act  fully  together  in  bearing  the  load.  "  The 
strength  of  cast-iron  depends  upon  its  rigidity  ;  for, 
although  it  possesses  the  property  of  elasticity,  tliis 
cannot  be  tasked  with  safety ;  and  it  is  well  known 
that  repeated  deflections  will  often  destroy  a  casting 
which  has  withstood  previous  pressures  with  apparent 
unpunity.  Malleable-iron,  on  the  other  hand,  applied 
in  the  form  of  truss-bars  to  cast-iron  gu-ders,  is  in- 
tended to  act  by  the  application  of  its  tensile  strength ; 
but  the  effect  of  this  can  only  be  secured  when  it 
becomes  active  before  the  oast-iron  gu'der  has  suffered 
any  dangerous  deflection.  It  is  therefore  indispensable 
that  the  adjustment  of  the  length  of  the  bars  during 
all  changes  of  temperature  shall  be  strictly  pre- 
served,— a  condition  which  is  physically  impracticable 
by  any  known  form  of  construction  or  arrange- 
ment of  parts."  This  defect  was  fatally  illustrated 
by  the  faUure  of  the  largest  bridge  of  this  kind, 
erected  over  the  Dee,  near  Chester,  on  the  line  of  the 
Chester  and  Holyhead  Jlailwav.  ni  :'  Ji'i  May, 
1S47,  one  of  the  girders  gave  M  ,,!' 

the  fadui'e  was  variously  aserilHi  :  mi 

having  got  off  the  rails,  and  to  an  airia-  i.  alia-  of 
the  bridge  with  additional  ballasting. 

The  first  attempts  to  substitute  wi'ought-iron  for 
cast-iron  in  the  construction  of  girders  were  made  by 
joining  plates  of  rolled-iron  vertically  with  rivets,  and 
attaching  a  strip  of  angle-iron  on  each  side,  both  at  top 
and  bottom,  so  as  to  form  artificial  flanges,  to  give  the 
required  strength  at  those  pai-ts.  Girders  thus  formed 
are  said  to  have  been  applied  by  Messrs.  Fahbaim  in 
the  construction  of  floors,  in  1832,  and  they  have  been 
used  as  deck-beams  in  ships.  Such  gkd( 
found  liable  to  yield  by  twistmg  or  bending  laterally 


and  to  obviate  thii  defect,  as  well  as  to  obtain  the 
gieat  strength  and  ugidity  leqimed  in  the  employ 
ment  of  wi  ought  ii  u  n  lo  s  f  r  i  ulMa\  eonsti  ic 
tions,  the   tubul  i    I  1  1    anl  T  iion 

used  in  forming  i  1     s  It  1 1  t  s 

might  be  aiian^    I  \  1 1  uon   tliub 

apphed  having  be  u  [         II         |         tut  to  ha^e 
less  power  to  resist  comiiLisiuu  thai  extension,  it 
was  desuable  to  increase  the  stienglh  of  the  upper 
pait  of  gudcis  constructed  ot  this  uateii  1   aid  a  sci  a 
]     I        It!  cell\ia3  formed  to  rl  f  in  tins 
1   ovcmen'i,  weie  milt  It  Ali    W 
nted     Octobe'    S     IbK        11 1 
I  I  of  1  lates  of   met  il     m  t    1   1  j 

uv  I  1  III  b  f  loUed  uon  the  side  plates  aie  put 
together  with  but  jomt';  c  \  tied  on  the  outside  with 
stues,  01  coveimg  1  lates  aul  on  the  inside  with 
veilical  libs  ot  angle  oi  j  uon,  the  side  plates,  stdes, 
and  ribs  being  riveted  together.  The  top  of  this 
hollow  beam  is  formed  with  two  or  more  rectangular 
cells,  composed  of  plates  arranged  vertically,  and 
connected  by  strips  of  auglc-ii-on  and  rivets  with  the 
top  and  side  plates.  The  bottom  is  formed  of  iron 
plates,  connected  together  by  covering-plates  over 
the  cross-jomts,  and  attached  to  the  side  plates  by 
angle-iron  and  rivets.  The  top  may  be  constructed 
either  of  cast  or  of  malleable  h-on,  and  cellular,  rect- 
angular, or  of  an  elliptical  or  any  other  form,  to  pre- 
vent the  top  puckering  from  compression ;  or  other 
methods  may  be  employed,  such  as  thick  metaUic 
castings,  or  lighter  ii-on  plates,  arranged  so  as  to 
form  hollow  ccUs.  The  bottom  may  also  bo  con- 
structed of  a  series  of  plates,  either  of  single  or 
double  thickness,  riveted  together.  Tlic  joints  of 
the  plates  alternate  or  break  with  each  otlicr,  and 
are  livcled  Iiy  a  peculiar  method  which  the  inventor 
111-.  '  /  ',/,/,  as  it  forms  a  chain  of  plates 
I  ■'  .     a  ad    the    stnictui'e     so    unites    the 

.  la,  a,  .i,^-,>,aa  ,  as  iiot  to  wcakcu  the  platcs  by  rows 
of  tiaub\ti»t  rivft-holcs,  but  to  form  a  eomieeting 
link  to  each  jomt  by  a  series  of  longitudinal  rivets  or 
pins.  "  This  useful  invention,"  says  Mr.  Dempsey, 
"  which  comprises  the  best  methods  yet  devised  for 
unitmg  the  several  parts  of  structures  of  plate  and 
bar  iron,  contams  also  the  essential  principles  upon 
which  tubular  gu-ders  may  be,  and  have  been,  con- 
structed, of  a  size  adequate  to  form  bridges  within 
themselves,  and  admit  the  interior  passage  of  railway 
traius  or  other  traflic." 

The  first  wi-ought-ii-on  tubular  gii-der  bridge  built 
under  this  patent,  was  over  the  Leeds  and  Liverpool 
Canal,  for  the  purpose  of  carrying  the  Blackburn  aud 
Bolton  Railway.  Kg.  333  is  an  elevation,  aud  Fig. 
334  a  transverse  section  of  this  bridge :  Fig.  33.5  is  an 
enlarged  transverse  section  of  one  of  the  outer  gu-ders, 
and  Fig.  33G  an  enlarged  longitudinal  view  of  part  of 
one  of  the  girders,  showing  a  section  of  one  of  the  cross 
timbers  on  which  the  railway  is  supported.  The  span 
of  this  bridge  is  60  feet,  and  each  girder  is  66  feet  in 
total  length,  the  bearings  of  the  masom-y  being  each 
3  feet  long.  The  two  lines  of  rails  are  carried  between 
three  parallel  girders,  g,  each  of  which  consists  of  a 


rectangular  top  compartnicnt,  c,  composed  of  plates  f 
inch  tkick,  and  uvcted  at  ' 


angle-iron ;  of  side  plates  ^  inch  thick,  joined  ver- 
tically  by  rivets  to  T-iion  nbs,  and  also  uveted  lo  the 
bottom  plate  of  the  top  compartment,  and  its  mtemal 
angle-ii-ons,  through  longitudin-d  nbs  of  angle  u  on 
placed  externally;  and  of  double  bottom  plates,  each 
f  inch  thick,  joined  by  nvets  to  external  longitudinal 
strips  of  angle-iron.  The  rails  are  laid  upon  longi 
tudinal  timbers,  which,  \nth  intermediate  phnlmg, 
are  supported  upon  transveise  beams  of  -vrood  sus 
pended  by  double  straps  of  -nTought  uon,  which  pa<;s 
upwards  thi-ough  the  bottom  plates  of  the  girders, 
and  are  secured  by  sciew  nuts  A  veihcal  bolt  of 
wrought-iron  also  passes  through  a  cast  iron  socket 
in  the  top  compartment  of  the  girder,  and  downwaid 
through  each  cross-beam,  below  which  it  is  iixed  with 
a  washer-plate  and  screwed  nut.  This  structui-e  on 
being  tried  by  severe  tests  was  found  equal  to  any 
weight  to  which  it  could  be  subjected.  Three  loco- 
motives, each  weighing  20  tons,  occupying  the  cntii-e 
span  of  60  feet,  were  run  together  as  a  train,  at  rates 
varying  from  5  to  25  miles  an  hour,  and  produced  a 
deflection  in  the  centre  of  the  bridge  of  only  .025  of  a 
foot.  Two  wedges  of  the  height  of  1  inch  were  then 
placed  on  the  rails  in  the  middle  of  the  span,  and  the 
di-oppiug  of  the  engines  from  this  height,  when  at  a 
speed  of  S  or  10  miles  per  hour,  caused  a  deflection 
of  only  .035  of  a  foot,  which  was  increased  to  .Oi5  of 
a  foot,  or  nearly  half  an  inch  only,  when  wedges  li 
mch  in  thickness  were  substituted.  A  bridge  of  this 
kind  of  60  feet  span,  containing  30  tons  weight  of 
ii-on,  cost  only  900/.;  whereas  a  cast-ii-on  trussed 
gu-der  bridge  of  the  same,  required  76  tons  of  cast- 
iron,  and  14  tons  of  wi-ought-iron,  and  cost  1,432/.  IGs. 
Malleable-iron  has  also  been  applied  in  various  other 
forms  ot  combination  to  the  construction  of  bridges. 


The  Patent  Iron  Bridge  suggested  by  Mr.  George 
Suiart  in  1S24,  consistingof  a  combination  of  wrought- 
iron  bars,  arranged  in  a  diagonal  foion,  is  the  parent 
of  the  numerous  lattice-lridges  so  common  in  America, 
These  present  a  vertical  framiag  perfectly  horizontal 
on  its  upper  and  lower  lines,  and  composed  of  iron  bars 
crossing  each  other  in  a  diagonal  direction,  forming 
angles  of  about  1S°  with  the  horizon.  (Pig.  337.)  The 
framing  also  comprises  vertical  or  hanging-bars,  and 
base-hws  forming  the  lower  horizontal  Imes  of  the 
framing,  and  also  passing  horizontally  over  each  al- 
ternate row  of  intersections  of  the  diagonal  bars. 
Each  bar  is  forged  of  enlarged  width  at  the  points  of 
intersection,  through  which  bolts  are  fixed  to  connect 
the  whole  together.  Two  of  these  trussed  frames 
erected  vertically  and  parallel  to  each  other  form  the 
supports  of  the  roadway  to  be  formed  between  them, 
the  two  fi-ames  being  tied  together  by  ti-ansverse  con- 
necting rods,  the  roadway  or  flooring  being  situated 
near  the  top  of  the  frames,  and  never  on  the  lower 
bars,  which  Mr.  Smart  regarded  as  an  erroneous  prac- 
tice in  wooden  bridges.  Between  the  frames,  cross- 
braces,  consisting  of  two  light  bars,  are  fixed,  bolted 
together  and  fitted  to  the  connecting  rods.  A  lattice 
bridge  of  wrought-iron  erected  across  the  line  of  the 
Dublin  and  Drogheda  B^Uway  is  84  feet  in  clear 
span.  Pig.  337  is  a  portion  of  a  lattice  bridge  erected 
by  ilr.  Osborne  on  the  Waterford  and  Limerick 
Ilad«ay 


pomts  out  an  important  distmetion 
between  the  simple  lattice  or  diagonal  framing,  and 
the  roof  framing.  In  the  former,  the  strength  is 
obtained  by  the  connexion  jf  the  bars  at  each  inter- 
section, while  the  abutting  principle  of  the  roof  is 
disregai-ded.  The  strain  is  therefore  borne  wholly  by 
the  rivets  or  pins  which  pass  through  the  crossing 
bars,  and  the  effect  of  this  strain  is  shown  in  the 
gradual  loosening  of  the  pins.  The  bars  are  also 
considerably  weakened  by  the  holes  through  the 
middle  of  them,  and  in  wooden  lattice  bridges,  fracture 
and  failure  of  the  material  have  often  resulted.  The 
lattice  principle  has  been  considerably  improved  upon 
by  Mr.  R.  B.  Osborne,  C.  E.,  by  the  introduction  of  a 
top  and  bottom  chord  of  malleable-iron  T\"ith  inter- 
mediate braces  of  cast-iron  in  the  form  of  rectangular 
tubes. 

Por  other  forms  and  applications  of  tubular  beams 
and  girders,  we  must  refer  to  Mr.  Dempsey's  work, 
and  pass  on  to  notice  the  grand  application  of  the 
hollow  girder  or  tube  in  the  Conway  and  Britannia 


Bridges,  on  the  Ike  of  raflway  from  Chester  to 
Holyhead.  The  fh-st  of  these  tubular  bridges  was 
required  for  carrying  the  railway  over  the  river  Con- 
way, and  at  about  18  miles  further  on,  the  separation 
of  the  Island  of  Anglesea  from  the  main  land  of 
Caernarvonshii'e  by  the  straits  of  Menai,  gave  occasion 
for  the  bolder  structure  of  which  the  central  pier  is 
bkilfully  based  on  a  rock,  tcimcd  the  Liitaiiniallock, 
from  which  the  bridge  derives  its  name. 

It  was  the  original  intcnfiun  of  Mr.  Robert  Ste- 
phenson, the  engineer  of  the  works,  to  have  crossed 
the  straits  with  a  cast-iron  arched  bridge,  in  two  spans 
of  450  feet  each,  the  height  of  the  arches  to  be  100 
feet  from  the  level  of  the  water  to  the  crown  of  the 
arch,  and  the  springing  50  feet  from  the  level.  As  it 
was  necessary  that  the  water-way  should  not  be  in- 
trrrai)t(  d  by  scaffolding  or  centering,  it  was  proposed 
to  fi  i'h  1  'f  iiliis  in  each  side  of  the  central 
I'h  I  iiiultaneously,  and  connect  them 

>  I  Ml  it  the  weight   on   cither   side 

''li    il  I  1    1  1 1  It   ciu  the  other. 

This  d(  sign  fur  an  arched  bridge  was  frustrated  by 
a  condition  insisted  on  by  the  Lords  Commissioners 
of  the  Admiralty,  as  conservators  of  the  navigation  : 
viz.  that  the  clear  height  of  water-way  under  the 
lowest  part  of  the  arches,  or  their  sprbiging,  should 
not  be  loss  than  105  feet.  To  have  complied  with 
this  conditicm,  the  ^Uu.lc  stiuctmc  must  h.uc  been 
raised  50  f..  i  ,i  .  ili  i  i  i  i -l  |  m  n  i'h  i'\ 
imolvint;  ,11, 


given  to  the  tubes,  and,  secondly,  the  distribution 
and  dunensions  of  the  material  wliich  would  ensure 
the  required  strength  and  rigidity  of  the  entire 
structure.  These  experiments  were  conducted  by 
Mr.  William  Fairbaii-n,  assisted  at  a  later  period, 
dating  from  the  19th  September,  1S15,  by  Mi-.  Eaton 
Hodgkins  n  "  i1  I  i'  ind  residts  of  which  were 
reported  t  i  ''  n,  who  appended  them  to 


the  directors   of  the 
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railway  (  m  ,    i     i 

these  cxpciiiiM  ni  i 

and  an  abstract  c  i  i 

little    volmne.     L  ] 

strength  of  iron  tul       i  1 

bairn's   object  being  hist  dm 

ciple,  originally  suggested  li\ 

structure  every  part  of  whuli, 

be   brought    into   a   state    ot 

strength  should  consist  not  i 

girder  does  in  its  resistance  to  extension  on 

side  and  to  compression  on  the  other,  Init 

sihtance  to  extension  on  both  sides.     It  \\.i 

in  the  early  cxpeiimcnts  that  the  wcikm  s> 

tube  was  in  its  upper  surface,  wliich  vii  hi'  d 


s  that  of  a  beam  c 
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n  before  the  ^ 


joumig  k\i  1,  I  1  1 1  111.,  I  k  Ml  II  I '  I 
abandoned  the  aichtd  foim'dltugcthLr,  and  "  conceit  cd 
the  original  idea  of  a  huge  tubular  bridge,  to  be  con- 
structed of  riveted  plates  of  wrougM-kon,  and  sup- 
ported by  chains,  and  of  such  dunensions  as  to  allow 
of  the  passage  of  locomotive  engines  and  railway 
trains  through  the  interior  of  it."  In  April,  1S45, 
Mr.  Stephenson  obtained  the  assistance  of  Mr.  William 
Fairbaim  in  carrying  out  his  scheme.  The  first  idea 
seemed  to  be,  that  the  tube  should  be  cither  of  a 
cireidar  or  an  egg-shaped  sectional  form,  and  that  it 
should  act  by  its  rigidity  and  weight  as  a  stiffcner, 
and  prevent,  or,  at  least  to  some  extent,  counteract, 
the  undulations  due  to  the  catenary  principle  of  con- 
struction. Mr.  Fairbaim  appears  from  the  first  to 
have  been  opposed  to  the  application  of  chains,  even 
as  an  auxiliary.  "I  always  felt  that,  in  a  combina- 
tion of  two  boilics,  the  one  of  a  perfectly  rigid,  and 
the  other  of  a  tkxitilo  natme,  there  was  a  principle 
of  weakiiL^^     I  1    I  h  1  Ills  to  which  the  one 

would  be  M  I  I  into  operation  forces 

whose  CdiiM  I  'li  livets  and  fastenings 

of  the  olhti  LjJl  uji  1  tiud  to  loosen  them,  and 
thus,  by  a  slow,  but  sm-o  agency,  to  break  up  the 
bridge." ' 

But  Mr.  Stephenson  wisely  determined  that  these 
and  all  other  points  should  be  submitted  to  the  test 
of  an  elaborate  experimental  inquiiy,  to  deterii 
first,  the   peeidiar  sectional  form  which  should  be 


(1)  "Con 


By  V 


on  the  point  of  yielding  on  the  other,  some  of  the 
material  might  be  taken  from  the  stronger  side 
without  causmg  that  to  yield  and  added  to  the 
weaker  so  as  to  prevent  that  side  from  yielding,  and 
thus  the  tube  would  be  rendered  stronger  by  a  new 
distribution  of  its  material.  II  vas  with  ufcicnce 
to  this  principle  that  the  rci  I  III  nl  i  Im  iif  uliun 
had  suggested  itself  to  mc,  i     i       |  <  i   1 1  <    ( ir- 

eular  orthe  eUiptioalfurms  pi  i        '1  |  In  n- 

son,  and  that  I  had  ordered  1 1  <  i.  ,1  ■  I  i  i  nln  to 
be  thickened.  It  now  occuned  tu  lac  tlnl  the  top 
might  be  strengthened  more  elfcctually  by  other 
means  than  by  thickenin";  it,  and  I  directed  two 
adilitinuil  t- '"  t  I  ■  '  •  trirlod  the  one  rectan- 
gular, an  '  '  '  '  I  illow  triangular 
cells  la  I  la  I'  experiments 
led  to  till  ti  I  I  I  II  ,  al  1  11.  m  of  tube  with 
a  corrugal.d  tup,  tlic  supiiiur  stioigth  of  which 
decided  me  to  adopt  that  cellular  stracfiu-e  of  the 
top  of  the  tube  which  ultimately  merged  in  a  suigle 
row  of  rectam^uLn  f  i  IK  It  is  this  cellular  structure 
which  uiM  111  I  -  now  standing  across  the 
Com\a\  -  I  '|i  il  clement  of  strength." 
On  till  1  I  1 1  1  I  I  'ill,  Mr.  Stephenson  made 
his  Ilcpoit  to  tue  iJiirciuis  of  the  Chester  and 
Holyhead  Radway,  in  which  he  gives  a  summary  of 
Messrs.  Fau'bau-n  and  Hodgkinson's  experiments. 
"The  fh-st  series  of  experiments,"  he  says,  "Mas 
made  with   plain   circular  tubes,   the   second  -ssiti 
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elliptical,  and  the  third  with  rectangidar.  Li  the 
whole  of  these,  tliis  remarkable  aud  unexpected  fact 
was  brought  to  light, — viz.  that  in  such  tubes  the 
power  of  wrought-u-on  to  resist  compression  was 
much  less  than  its  power  to  resist  tension, — being 
exactly  the  reverse  of  that  which  holds  willi  cnst- 
iron :  for  example,  in  cast-ii-on  beams  for  :  i  m  lu 
weight,  the  proper  form  is  to  dispose  ol'  i  r 

portion  of  the  material  at  the  bottom   -,    .     i    i' 
beam, — whereas  with  wrought-iron  these  L;.i.c;i:iiL;..j 
demonstrate   beyond  any   doubt,   that  the  greater 
portion  of  the  material  should  be  distributed  on  the 
'ippcr  side  of  Uic  beam.     TTe  have  arrived  therefore 


in^lnirtivc  lesson  whicli  the  cxpcrimcuts  have  dis- 
closed is,  that  the  rectangular-  tube  is  by  far-  the 
strongest,  and  that  the  circidar  and  elliptical  should 
be  discarded  altogether.  This  result  is  extremely 
fortunate,  as  it  greatly  facilitates  the  mechanictd 
arrangements  for  not  merely  the  construction,  but 
the  permanent  maintenance  of  the  bridge." 

Appended  to  Mr.  S*.  ,  li  'i  i,'-.  l!r]inrt  are  separate 
Reports,  the  one  liv  M:  ;  '  i  i  I  Ihe  other  by 
Mr.  Ilodgkinson.  M  ,  1  : '  ,  , :  :  .  i  ks  that  "  with 
tubes  of  a  rectan-iil;.!-  ii, ,;..',  h,,-. ;:;-  tlie  top  side 
about  double  the  thickness  of  the  bottom,  and  the 
sides  only  half  the  thickness  of  the  bottom,  or  one 
fom-tli  the  thickness  of  the  top,  nearly  double  the 
strength  was  obtained.  In  experiment  li,  a  tube  of 
the  rectangular  form,  9i  inches  square,  with  top 
and  bottom  plates  of  equal  thickness,  the  breaking 
weight  was 3,7381bs. 

Riveting  a  stronger  plate  on  the  top 

side,  the  strength  was  increased  to      8,2731bs. 


The  difference  being 


4,535lbs. 


considerably   more  than  double  the   strength   sus- 
tauicd  by  the  tube  when  the  top  aud  bottom  sides 
were  equal.     The  experimeuts  given  in  No.  15  are 
of  the  same  character,  where  the  top  plate  is  as  near 
as  possible  double  the  thickness  of  the  bottom.    In 
these  experiments  the  tube  was  iii-st   crippled  by 
doubling  up  the  tliiu  plate  on  the  top  side,  which 
was  done  with  a  weight  of     ....     3,788  lbs. 
It  was  then  reversed  with  the 
thick  side  upwards,  and  by  this 
change  the  breaking  weight  was 
uicreased  to       7,118  lbs. 

Making  a  difference  of  .  3,360  lbs. ; 
or  an  increase  of  nearly  double  the  strength,  by  the 
simple  operation  of  reversing  the  tube,  and  tui'ning 
it  upside  down. 

"  The  same  degree  of  importance  is  attached  to 
a  similar  form  when  the  depth  in  the  middle  is 
double  the  width  of  the  tube.  IVom  the  experiment 
(No.  16)  we  deduce  the  same  results  iu  a  tube  where 
the  depth  is  ISJ  and  the  breadth  9J  inches.  Load- 
ing this  tube  with  6,812 lbs.  (the  thin  plate  being 


uppermost,)  it  follows  precisely  the  same  law  as 
before,  and  becomes  wrinkled  with  a  hunmiock  rising 
on  the  top  side,  so  as  to  render  it  no  longer  safe  to 
sustam  the  load.  Take,  however,  the  same  tube  and 
reverse  it  with  the  thick  plate  upwards,  and  you  not 
only  straighten  the  part  previously  injured,  but  you 
I,  i.asc  the  resisting  power  from  6,8121bs.  to 
'  l-^lbs.  Let  us  now  examine  the  tube  in  the 
.  '  '  .'xperiment,  where  the  top  is  composed  of  corru- 
y.iiLd  iron,  forming  two  tubular  cavities  extending 
longitudinally  along  its  upper  side.  This,  it  will  be 
observed,  presents  the  best  form  for  resisting  the 
pvclining  or  crushing  force,  which  on  almost  every 
nr  isiiiu  was  present  in  the  previous  experiments. 
1 1     ;;:n-  loaded  the  tube  with  increasing  weights,  it 

,  .;aicly  gave  way  by  tearing  the  sides  from  the 
I  :i  aud  bottom  plates,  at  nearly  one  and  the  same 
instant  after  the  last  weight,  22,4691bs.  was  laid  on. 
The  greatly  increased  strength  indicated  by  this  form 
of  tube  is  highly  satisfactory;  and  provided  these 
facts  be  duly  appreciated  in  the  construction  of  the 
bridge,  they  will,  I  have  no  doubt,  lead  to  the  balance 
of  the  two  resisting  forces  of  tension  and  compression." 

Referring  to  the  suspension-chains  wliich  had  been 
proposed  as  an  additional  clranif  r.f  -rr-u-ify  in  the 
bridge,  Mr.  Pairbaii'n  rcma;:      i'    :    '  .  !  !.'  '.■A\  sus- 

pension-ehams  may  be  useful   ,i  i:     r iimu,  in 

the  first  instance,  they  wouU  i,.  \  c;  i  luliv-^  \w  highly 
improper  to  depend  upon  as  the  principal  support  of 
the  bridge.  Under  every  circumstance,  I  am  of 
opinion  that  the  tubes  should  be  made  sufficiently 
strong  to  sustain,  not  only  their  own  weight,  but,  in 
addition  to  that  load,  2,000  tons  equally  distributed 
over  the  sm-face  of  the  platform ;  a  load  ten  times 
greater  than  they  wUl  ever  be  called  upon  to  support. 
In  fact,  it  should  be  a  huge  sheet-ii-on  hoUow  girder, 
of  sufficient  strength  and  stiffness  to  sustain  these 
weights;  and,  provided  the  parts  are  weU  proportioned, 
and  the  plates  properly  riveted,  you  may  strip  off  the 
chains,'  and  leave  it  as  a  useful  monument  of  the 
enterprise  aud  energy  of  the  age  in  wliich  it  was 
constructed." 

In  the  Table  at  the  top  of  the  next  page,  some  of 
the  data  and  the  residts  of  experiments  upon  rect- 
angidar tubes  are  brought  together. 

AVhenthe  course  of  these  experiments  had  indicated 
the  form  of  tube  which  must  actually  be  employed 
for  the  bridge,  a  model  tube  was  constructed, 
nearly  as  possible  one-sixth  the  dimensions  of  the 
proposed  tubes  across  the  Menai  Straits.  The  appa- 
ratus used  for  experimenting  upon  it  is  shown  in 
Figs.  338  and  339.  Fig.  339  represents  at  a  a  side- 
view,  75  feet  between  the  supports ;  b  is  the  platform 
supporting  the  weights,  suspended  from  two  cross-bars 
passing  through  the  sides,  and  resting  upon  the 
outside  angle-iron  and  the  bottom  of  the  tube,  as 
shown  in  Fig.  338  at  a  a.  c  c  is  a  balk  of  tunber, 
passing  under  the  cross-links  lb,  which,  on  being 
raised  by  two  powerful  screw-jacks  ee,  lifted  the  load 
from  off  the  tube,  in  order  to  ascertain  the  effects  of 
the  successive  loads  upon  the  elastic  powers  of  the 
tube.    The  temporary  supports  d  d  were  only  used 
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for  the  purpose  of  receiving  part  of  the  faUiug  load, 
in  case  of  accident  or  the  rupture  of  the  tube.     It 


hroke  after  sustaining  a  load  of  79,578  lbs.  a  minute 
and  a  half,  the  bottom  plale  tearing  asunder  two  feet 
from  the  centre  of  the  shackle. 

All  these  experimental  trials  were  conducted  by 
hanging  a  dead  weight  to  the  tubes  imder  trial.  The 
mechanical  effect  of  such  a  weight  is  much  less  in- 
jurious than  a  weight  passing  over  or  through  it  with 
greater  or  less  velocity,  as  in  the  case  of  a  railway 
train.  The  eomniissioners  appoiufcd  by  her  Majesty's 
Commission,  of  the  -I'^li  \ii-i:  1,  l^is,  to  inquire 
into  the  conditions  1 1  i  ■  ;  -^iucers  in  the 

appHoation  of  iron  i^  ;  ,  .     .    ,>    id  to  violent 

concussions  and  vilr.rii.  ;o> ,  J;nr>tigated  this 
subject  experhnentally.  They  constructed  an  appa- 
ratus by  means  of  which  a  loaded  car  was  allowed  to 
run  down  an  inclined  plane  :  the  iron  bars  which  were 
the  subject  of  the  experiment  were  fixed  horizontally 
at  the  bottom  of  the  plane,  in  such  a  manner  that  the 
loaded  car  would  pass  over  them  with  the  velocity  ac- 
quired in  its  descent.  Thus,  the  effects  of  giving 
different  velocities  to  the  loaded  car,  in  depressing 
or  fracturing  the  bars,  covdd  be  observed,  and  com- 
pared with  the  effects  of  the  same  loads,  placed  at 
rest  upon  the  bars.  Thus,  for  example,  when  the 
carriage,  loaded  to  1,120  lbs.,  was  placed  at  rest  upon 
a  pair  of  cast-iron  bars,  9  feet  long,  4  inches  broad, 
and  14  inch  deep,  it  produced  a  deflection  of  i^ths  of 
an  inch  ;  but  when  the  carriage  was  caused  to  pass 
over  the  bars  at  the  rate  of  10  miles  an  hour,  the  de- 
Qection  was  increased  to  ^5  ths,  and  went  on  increasing 
as  the  velocity  was  increased ;  so  that,  at  30  miles  per 


houi-,  the  deflection  became  1^  inch ;  that  is,  more 
than  double  the  statical  deflection.  "Since  the  ve- 
locity so  greatly  increases  tlic  effect  of  a  given  load 
in  deflecting  the  bars,  it  follows,  that  a  much  less 
load  will  break  the  bar  when  it  passes  over  it  than 
when  it  is  placed  at  rest  upon  it ;  and  aecordiugly, 
in  the  example  above  selected,  a  weight  of  4,150  lbs. 
is  required  to  break  the  bars,  if  applied  at  rest  upon 
their  centres  ;  but  a  weight  of  1,778  lbs.  is  suflicicnt 
to  produce  fractiu-e,  if  passed  over  them  at  the  rate 
of  30  miles  an  hoiu-.  It  also  appeared  that,  when 
motion  was  given  to  the  load,  the  points  of  greatest 
deflection,  and,  still  more,  of  the  greatest  strains,  did 
not  remain  in  the  centre  of  the  bars,  but  were  removed 
nearer  to  the  remote  extremity  of  the  bar.  The  bars, 
when  broken  by  a  traveUiug  load,  were  always  frac- 
tured at  points  beyond  their  centres,  and  often  broken 
into  four  or  five  pieces,  thus  indicating  the  great  and 
unusual  strains  they  had  been  subjected  to."  ' 

Eugmeers  have  generally  supposed  that  the  dcllce- 
tion  caused  by  passing  a  weight  at  a  high  velocity 
over  a  girder  is  less  than  the  deflection  which  woidd 
be  produced  by  the  same  weight  at  rest ;  and  even 
when  they  have  observed  an  increase,  they  have  at- 
tributed it  solely  to  the  jerks  of  the  engine  or  train, 
produced  by  passing  over  inequalities  at  the  junction 
of  the  rails,  or  other  sunilar  causes.  For  the  piu'pose 
of  examining  this  question,  the  eomniissioners  sub- 
mitted two  actual  bridges  to  the  test  of  experunent. 
Oue  was  the  EweU  Bridge,  on  the  Croydon  and 
Epsom  line,  and  the  other  the  Godstone  Bridge, 
upon  the  South-Eastern  Kue,  both  constructed  to 
carry  the  railway  over  a  road.  "A  seallbld  was 
constructed,  wliich  rested  on  the  road,  and  was  there- 
fore unaffected  by  the  motion  of  the  bridge,  and  a 
pencil  was  fixed  to  the  under  side  of  one  of  the 
girders  of  the  bridge,  so  that  when  the  latter  was 
deflected  by  the  weight  of  the  engine  or  train,  either 
placed  at  rest  or  passing  over  it,  the  pencil  traced  the 
extent  of  the  deflection  upon  a  drawing-board  attached 
to  the  scaffold.  An  engiue  and  tender  were  made  to 
traverse  the  bridges  at  different  velocities,  or  to  rest 
upon  them,  at  pleasure.  The  span  of  the  Ewell 
Bridge  is  48  feet,  and  the  statical  deflection  due  to 
the  above  load  rather  more  than  |th  of  an  inch.  This 
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was  sligutly  but  decidedly  increased  wlieu  the  engine 
was  made  to  pass  over  tUe  bridge ;  and,  at  a  velocity 
of  50  miles  per  hour,  an  iucrer.se  of  f  th  was  observed. 
As  it  is  known  that  the  strain  upon  a  girder  is  nearly 
proportional  to  the  deflection,  it  must  be  inferred, 
that,  in  this  case,  the  velocity  of  the  load  enabled  it 
to  exercise  the  same  pressure  as  if  it  had  been  in- 
creased by  f  th,  and  placed  at  rest  upon  the  centre  of 
the  bridge.  The  weight  of  the  enguie  and  tender  was 
39  tons,  and  the  velocity  enabled  it  to  exercise  a 
pressm-e  upon  the  girder  equal  to  a  weight  of  about 
45  tons.  Similar  resultfi  were  obtaiired  from  the 
Godstone  Bridge." 

With  respect  to  the  best  qualities  and  mixtures  of 
ii-on  for  ghdcrs,  it  appears  that  engineers  have  no 
guarantee  that  the  mixtiu-e  lor  which  they  have  stipu- 
lated in  a  contract  shall  be  that  used  by  the  foimder, 
and  no  certam  test  by  which  to  deteiinine  whether  a 
given  piece  of  iron  has  been  manufactm-ed  by  hot 
blast  or  cold  blast.  Mr.  Fox  recommends,  as  a  good  pro- 
tection, "that  engineers,  in  contracting  for  a  number 
of  gii-ders,  should  stipuLite  that  they  should  not  break 
with  less  than  a  certain  weight,  (leaving  the  mixture 
to  tlic  founder,)  and  cause  one  more  than  the  required 
number  to  be  cast.  The  engineer  may  then  select 
one  to  be  broken,  and,  if  it  break  with  less  weight 
than  that  agreed  upon,  the  whole  may  be  rejected." 

The  detaEs  wliich  are  now  about  to  be  given  will 
refer  chiefly  to  the  coustmetion  of  the  Britannia 
Bridge.  The  Conway  Bridge  was  erected  within  a 
few  feet  of  Telford's  suspension  bridge,  and  close 
beneath  the  walls  of  Conway  Castle.     It  consists  of 


one  span  only,  of  400  feet  clear  width,  and  two  abut- 
ments of  masonry,  of  wliich  the  design  is  in  harmony 
with  that  of  the  castle. 

The  site  selected  by  Mr.  Stephenson  for  carrymg 
his  tubular  bridge  over  the  Menai  Straits  was  deter- 
mined by  a  mass  of  rock,  ocoupyiug  the  centre  of  the 
stream,  and  of  suitable  dimensions  to  serve  as  the 
foundation  of  a  central  pier,  and  standing  considerably 
above  the  level  of  low  water.  The  distance  of  this 
rock,  and  of  the  bridge  now  built  over  it,  from  the 
great  suspension  bridge  of  Telford,  is  one  mile  lower 
down  the  straits,  or  in  a  southern  direction.  On  the 
Caernarvon  side,  the  shore  rises  abruptly  from  the 
water's  edge,  and  shelves  upward  with  a  gentle  incli- 
nation ;  so  that  a  horizontal  Ihie  passing  at  an  eleva- 
tion of  100  feet  over  the  water,  is,  when  extended 
about  400  feet  inland  from  the  water-Une,  only  a  few 
feet  above  the  natural  surface  of  the  ground.  On 
the  Ajiglesea  side,  the  rocky  surface  extends  for  a 
considerable  distance,  and,  at  a  length  of  about  250 
feet  from  the  water-line,  the  surface  is  from  80  to  90 
feet  below  the  horizontal  line  just  described.  Hence, 
the  embankment  rcquii-ed  to  continue  the  railway 
from  the  Anglesea  end  of  the  bridge  is  much  higher 
and  more  extended  than  that  at  the  Caernarvon  end. 
The  Britannia  Rock,  which  rises  from  near  the  middle 
of  the  bed  of  the  strait,  is  covered  at  high  water  to  a 
depth  of  10  feet,  and  stands  at  low  water  about  10 
feet  above  it.  A  tower  of  masom-y  is  erected  on  this 
rock,  and  at  the  clear  distance  of  460  feet  from  it,  at 
the  Kmits  of  the  water-way,  another  tower  is  built  on 
either  side  of  it.  Fig.  340.  At  the  distance  of  230  feet 


from  each  of  these  towers  is  a  continuous  abutment  of 
masonry,  176  feet  in  length.  The  sides  of  these  five 
stupendous  masses  of  masonry  are  tapered  with  a 
straight  batter.  The  Britannia  tower  is  62  feet  by 
52  feet  5  inches,  at  the  base,  and  is  reduced  by  the 
batter  to  53  feet  5  inches  at  the  height  of  102  feet 
above  high-water  line,  at  wliich  level  the  lubes  pass 
through  it.  A  plinth  extends  round  the  base  of  this 
and  the  other  towers ;  and  the  height  of  this  tower 
above  high-water  level  is  200  feet,  or  nearly  230  feet 
from  the  bottom  of  the  foundation  on  the  rock.  The 
stone  used  for  the  estemal  parts  of  all  the  masonry 
is  a  hard  and  durable  limestone,  known  as  Anglesea 


marble.  The  interior  of  the  masom-y  is  a  soft  red 
sandstone,  quarried  at  Ruucoi-n,  in  Cheshire.  The 
Britannia  tower  is  constructed  with  hoUow  spaces  or 
chambers  vrithin  it.  The  total  weight  of  the  masonry 
in  this  tower  is  about  20,000  tons,  and  about  387 
tons  of  cast-iron,  in  beams  and  girders,  are  built  in  it. 
The  foundations  were  laid,  and  the  work  constructed 
up  to  the  level  of  high-water,  during  the  intervals  of 
the  tide.  The  stones  in  the  whole  of  the  masonry 
were  left  with  the  quarry  or  rough  face,  except  at  the 
angles,  where  they  were  dressed  to  a  square  arris,  and 
in  the  recesses  and  top  entablature,  where  they  were 
dressed  to  a  fair  face  aU  over.     The  Anglesea  and 


Caernarvon  towers  have  the  same  diuiensions  at  the 
base  as  the  Britarmia  tower,  but  the  height  is  10  feet 
less.  The  abutments  are  17G  feet  in  length,  and  of 
a  width  corresponding  to  the  towers,  viz.  55  feet  at 
the  level  of  the  bottom  of  the  tubes.  The  continua- 
tions of  the  abutments  are  surmounted  with  parapet 
waUs  of  solid  masonry  and  of  considerable  height,  each 
of  which  tenninates  at  the  extremity  of  the  bridge 
with  a  projecting  pedestal,  on  which  a  colossal 
couchant  lion  faces  the  approaching  visitor.  Each 
lion  is  composed  of  11  pieces  of  limestone,  and 
mcasui-es  25  feet  m  length  and  12  feet  in  height, 
weigliing  about  30  tons.  They  were  executed  by 
Ml-.  Thomas. 

Tlie  four  spaces  between  the  Britannia  tower  and 
the  other  towers,  and  between  these  and  the  abut- 
ments, had  to  be  spanned  by  the  ii'on  tubes,  and,  as 
each  tube  serves  for  only  one  line  of  rails,  8  tubes 
were  required,  4  of  460  feet,  and  4  of  230  feet,  the 
four  longer  ones  being  over  the  water,  and  the  four 
shorter  ones  over  the  land.  Thus  it  will  be  under- 
stood that  each  line  of  way  through  the  bridge  is 
composed  of  four  separate  tubes,  united  together,  so 
tliat   in  the  double  line  of  railway  there   are   two 
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parallel  tubes,  each  1,513  feet  long.  To  unite  each 
of  the  four  sections,  short  lengths  of  tube  were  con- 
structed within  the  towers,  which,  being  united  with 
the  main  lengths,  make  up  each  complete  and  con- 
tinuous tube.  For  the  four  shorter,  or  land  tubes, 
scaffolds  were  erected,  and  the  tubes  constructed  at 
once  in  their  final  position ;  but  the  foiu-  main  tubes 
were  constructed  on  timber  platforms  on  the  shore, 
and  conveyed  in  flat-bottomed  vessels,  or  ponlooiis,  to 
the  towers,  where  they  were  deposited,  and  raised  to 
their  requii-ed  elevation  of  102  feet  above  high-water 
level  by  means  of  hydraulic  presses.  In  tliis  way,  all 
scaffolding  across  the  straits  was  avoided,  and  the 
interruption  of  only  half  the  channel  at  one  time  was 
limited  to  the  brief  period  occupied  iu  raising  each 
tube  from  the  base  of  the  towers. 

The  site  selected  for  the  construction  of  the  4 
main  tubes  was  on  the  margin  of  the  Caernarvon 
shore,  to  the  south  of  the  bridge.  An  intermediate 
space  was  occupied  with  workshops,  &c.,  and  cottages 
were  buUt  for  the  accommodation  of  about  500  work- 
men. Four  strong  stages  were  erected  upon  piles, 
and  a  continuous  platform  laid  from  end  to  end  of 
the  site,  Fig.  342,  consisting  of  tmiber  posts  and 


struts,  with  top  stringers  and  beams,  covered  with 
stout  plariiiig.  A  pier  of  masonry  was  built  at 
each  end  extending  under  each  end  of  the  tube 
for  a  length  of  0  feet,  so  that  when  each  tube 
was  completed  and  the  platfcim  icmoved,  the  tube 


was  entirely  supported  upon  these  end  piers,  and 
any  deflection  arising  from  the  weight  of  the  tube 
could  thus  be  detected.  Two  lines  of  rails  were  laid 
parallel  with  the  line  of  each  tube,  upon  which  was 
moved  with  winches  a  traversing  stage  sufficiently 
wide  and  high  to  stride  the  tube,  and  along  the  top 


of  it  a  small  crab,  Fig.  343,  movmg  upon  wheels,  was 
made  to  traverse  the  width  of  the  work,  and  was  thus 
applied  to  raise  the  plates  and  materials.  Portable 
furnaces  accompanied  the  men  employed  in  riveting. 
'"'  "44,  is  a  cross  section  of  one  of  the  tubes, 
the  ijpuernl  form  nf  eonstrnctioii  •  the  sides 
,.,.  1'  1  1..*  fi  -  1,  .-If  i  1,  ui  ,  ,i,,i  The 
'      .  Ill  the 

I  I  I     I, it  the 

1   !•        1     ii        '    1  I  i»    being 

i.uf.il,  but  the  top  111.    I  I     lurvc, 

ise  of  which  thus  cqu  '  i  In  ight, 

feet  3  inches.     Tin    .  .   i    ^    li,  iirht   is 

.  I  at  the  centre,  and  I  \  t.  il         1,     The 

uaUidth  is  14  feet  5  inches  and  iuf.-mally  14 
w  hieh  is  further  reduced  7  inches  by  the  ribs. 
r  covering  of  the  tubes  consists  of  malleable 
plates,  couueeted  tuLi '1    '■  b"  m   I     i-ith  ribs 
01  T  and  L-iron,  besides    *  •'  t   I  u  over 

the  joints.     The  tubes  .  h  I  ip  and 

bottom  with  internal  Iuhl  iI  i  i  i  in  I .  ^  ( ii  1 1  lis,  of 
wliieh  there  are  Sin  the  iqipd-  ]),ut  anil  C  in  the 
lower.  The  plates  vary  in  dimensions  and  tliiek- 
nesses.  The  side  ])lates  are  reduced  in  thickness 
from  the  ends  towards  the  middle  of  the  tube,  and 
those  forming  the  top  and  bottom  are  increased  in 
the  same  direction.  The  side  plates  are  alternately 
6i  feet  and  8  feet  8  Indies  long,  and  all  2  feet  wide. 
They  are  arranged  vertically,  so  that  the  joints  occur 
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at  every  2  feet;  they  are  ^  iucli  thick  in  the  midJle 
of  the  length  of  the  tube,  and  §  inch  thick  at  the 
cads.  The  top  pLT,tes  are  all  6  feet  in  leugtii  and 
It  foot  in  width,  and  vary  in  thickness  from  f  inch 


ends  of  the  tube  to  f  inch  in  the  middle.  The 
bottom  plates  are  12  feet  long  and  2  feet  4  inches 
wide ;  they  are  in  two  layers,  aud  the  plates  in  each 
are  -^  inch  thick  at  the  ends  of  the  tube,  and  -fs  iuch 
thick  in  the  middle  of  the  main  tubes.  The  dif- 
ference in  width  of  the  top  and  bottom  plates  a 
from  the  difference  in  the  number  of  cells  in  the  top 
and  bottom  of  the  tube,  If  foot  being  the  width  of 
each  of  the  8  top  cells,  ai  ■^  2  feet  4  inches  that  of 
each  of  the  C  bottom  eel  n.  All  the  joints  of  the 
plates  arc  lut-jobits,  Kg.  350,  or  those  which  meet 
at  the  edges  without  overlapping.  The  horizontal 
joints  at  the  ends  of  the  plates  are  covered  with 
plates  of  ii-ou  on  both  sides  and  firmly  riveted 
through  them.  The  side  elevation  Fig.  "s-iS,  will 
expluii  i!ns  rnn.iiurlioii.  Fig.  346  is  a  plan  of  part 
of  ,  ,  1  iiio,  showing  the  joints  in  the 

l'l:i'  i:li  each  other  and  strengthened 

The  vertical  frames  upon  which  the  plates  are 
fixed  are  chiefly  of  T-uou.  These  ribs  are  bent  at 
right  angles  at  the  ends,  and  extend  for  about  2  feet 
along  the  top  and  bottom  plates  of  the  principal 
compartments  of  the  tube.     The  side  plates   meet 


iron  is  substituted  for  the  outside  T-irou  ribs.  The 
vertical  joints  of  the  main  tubes  are  strengthened 
for  about  60  feet  at  each  end  by  a  strong  plate 
fl  inches  wide,  passing  at  right  angles  between  the 
edges  of  the  plates,  and  every  sixth  rib  throughout 
the  entire  length  is  strengthened  with  an  additional 
plate  inside,  meeting  the  edge  of  the  T-iron  rib. 

Figs.  347,  348  show  the  sections  of  j-mxi  and 
L-irou  used  for  the  ribs.  The  former  T  is  5  inches 
wide  over  the  table  and  'i\  inches  deep ;  the  latter  L 
is  2>\  inches  wide  each  way.  Fig.  349,  shows  the  kind 
of  joint  used  in  conneetiug  the  side  plates  ss  of  the 
tube  within  the  towers;  r  is  the  outside  covering 


plate;  and  t  the  iiisido  rib  of  T-iron.  Fig.  350 
sliows  the  ordinary  framing  of  the  ribs  and  side 
plates:  s  s  are  the  side  plates  of  the  tube;  o  r  the 
outside  and  i  ii  the  inside  ribs  of  T-iron.  Fig.  352 
represents  the  framing  of  30  of  the  vertical  jomts  at 


each  end  of  the  main  tubes,  showing  the  central 
plate  agamst  which  the  ends  of  the  side  plates  are 
fitted  -vrith  the  i  L-iron  ribs  in  the  angles,  the  whole 
of  which  are  firmly  riveted  together.    Fig.  353  sliows 


the  framing  adopted  at  every  sixth  of  the  vertical 
ribs,  or  every  12  feet  distance  throughout  the  main 
tubes,  s  s  are  the  side  plates  of  the  tube;  t  the 
outside  rib  of  T-iron ;  a  a  the  flitches  of  plate  iron  ; 
and  B  the  filling-in  plate,  riveted  between  them. 
Fig.  351,  is  a  perspective  sketch  of  a  portion  of  one 
of  the  ordinary  vertical  joints,  tliuwiug  a  portion  of 
two  side  plates  nmi  ii„    i    ili  i  i>f  the  inside 

and  outside  ribs,   ml        i  i   m  which  the 

joints  of  the  T-ui  h  m  d  with  side 

pieces  of  L-iron  ami  tu   i    I  t  n     i       ilnm. 

The  angles  of  the  pimcipal  comp.utment  of  each 
tube  are  strengthened  with  ffiisseiv,  or  triangular 
plates  of  iron  riveted  through  the  ribs  of  T-iron. 
See  Fig.  344.     At  every  sixth  rib  the  gussets  are  of 
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larger  dimensions,  or  about  5  feet  m  height  and 
If  foot  in  width. 

The  cells  are  formed  with  vertical  partitions  of 
plate-iron,  connected  at  the  angles  with  the  upper 
and  lower  plates  by  horizontal  ribs  of  L-iron  fitted  to 
the  angles  and  firmly  riveted.  The  top  and  bottom 
edges  of  the  side  plates  of  the  tube  are  also  riveted 
to  the  horizontal  plates,  forming  the  cells  through 
ribs  of  L-ii-on  in  the  angles. 

The  rails  for  the  railway.  Fig.  344,  are  supported 
in  chairs  upon  continuous  longitudinal  timbers,  which 
are  supported  upon  pieces  of  L-iron,  reversed  so  as 
to  form  brackets,  and  riveted  through  plates  of  iron 
9  inches  wide,  set  on  edge  and  fixed  across  the  tube 
at  iutci-vals,  and  secured  to  the  vertical  T-iron  ribs, 
and  the  plates  forming  the  top  of  the  lower  cells. 

The  rivets  are  about  an  inch  in  diameter,  and  ar- 
ranged in  rows,  3  inches  apart  in  the  vertical  joints, 
and  4  inches  in  the  horizontal.  The  rivets  were 
heated  in  portable  furnaces,  and  were  taken  up  with 
tongs,  and  being  placed  in  the  holes  punched  for  them, 
the  ends  were  firmly  clenched  or  riveted  before  cool- 
ing, with  heavy  hammers.  The  rivet-head  thus  formed 
was  then  finished  by  hammermg  a  steel  cup-shaped 
tool  upon  it,  and  the  contraction  of  the  length  of  the 
ri\ct  in  cooling,  drew  the  plates  closely  together  with 
considerable  force.  About  2,000,000  rivets  were 
used  in  the  entire  work.  The  holes  were  punched  in 
the  plates  by  a  beautiful  machine  invented  by  Mr. 
Roberts  on  the  principle  of  the  Jacquard  loom.  Large 
portions  of  the  plating  for  the  tubes  were  put  together 
partially  on  the  platforms,  and  being  raised  to  their 
places  by  m'ans  of  the  stages  and  tackling,  w-ere 
speedily  fi\(.d  in  their  true  positions,  and  rcquirea 
only  to  be  iiv(  ted  to  complete  their  connexions. 

The  tubis  m  passing  thi-ough  the  towers  and  abut- 
ments \i  L're  supported  on  rollers,  a  set  of  which  is 


Each,  set;,  consisting  of  22 
(iiiuio  Lrtwo  parallel  rows, 
.h  holes  ia  the  frame.  One 
1  under  each  side  of  each 
32  sets  of  rollers  and  frames 
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were  employed.  The  depth  of  the  frame  was  less  than 
the  diameter  of  the  rollers  (which  was  C  inches),  so  that 
it  was  not  in  contact  with  the  cast-iron  plates  placed 
vnon  the  rollers.  This  will  be  nuderstood  by  referring 
to  Pig.  362,  which  is  a  front  view  of  these  plates,  m  m, 
and  of  the  mterraediate  rollers  and  frame.  The  under 
roller-plate  rests  in  a  bed  of  wood,  and  the  upper  roller 
plate,  in  which  the  tube  rests,  is  thus  free  to  move 
according  to  the  expansion  or  contraction  which  it 
undergoes. 

The  ends  of  the  tubes  are  further  supported  by  an 
apparatus  of  cast-iron  girders  and  balls  of  gun-metal 
appUed  in  the  following  manner :— longitudinal  girders 
are  attached  to  the  projcctmg  ends  of  cross  girders 
built  in  the  walls  of  the  towers  :  these  longitudinal 
gii-dcrs  are  formed  with  a  groove  or  chamiel  in  the 
upper  sm-face,  in  which  the  gun-metal  spheres  6  inches 
in  diameter  are  free  to  move.  Similar  girders  are 
placed  over  these,  with  a  corresponding  groove  on 
tlicir  under  side,  and  thus   free  to  move  over  the 


sphe, 
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to  it  with  :t:.        ■    '      :•   '     ■  ,       ,.;     I, 

stand  up  vcrli*'.  .'v  :il'  vc  i '  .■  !  i-dr,  li..::-  >l  !■>  ii  ^  >■■,■, 
and,  passing-  through  lioU-s  cast  in  the  transverse 
girders,  are  secm-cd  to  them  with  screwed  nuts.  The 
ends  of  the  tubes  in  llio  towers  are  stiffened  with 
cast-iron  frames  of  cou-idcrable  dimensions. 

Tlie  following  is  the  weight  of  a  single  line,  and 
the  uumber  of  rivets,  togetlier  with  the  sectional 
avc;is  at  tlie  centre  of  the  large  tubes : — 

Tons.  Sectional  Area.       Number  of  Rivets. 

Top        1,481  018.25  sq.  in.      310,390 

Sides      1,727  302.00  535,650 

Bottom  1,472  585.43  249,010 

■l.,6S0  1535.68  1,095,050 

The  floating  of  the  maiji  tubes  from  the  builduig 
stage  to  the  base  of  the  towers  required  much  previous 
arrangement.  As  each  tube  was  completed,  it  was 
left  to  bear  upon  the  piers  of  masonry  at  its  ends,  the 
staging  below  being  removed.  For  the  purpose  of 
transporting  each  tidje,  eight  flat-bottomed  floating 
vessels  or  pontoons  were  provided,  sis  of  wood  and 
two  of  iron,  the  latter  being  98  feet  long,  25  feet 
wide,  and  11  feet  deep,  and  capable  of  supporting  400 
tni!,  \\'\v  ;i  I),  :uill^■  the  tube,  they  drew  5  feet  of 
\i;i  .  I       li  I II II  of  each  pontoon  were  large 

v;i!,  ,1  :;  I  I'  :nlmit  the  tide  aud prevent  them 
fviiiii  I  I'll'.  I :.  lirst  operation  for  floating  the  tube 
was  1n  bring  these  pontoons  under  it  at  low  water, 
and  to  arrange  them  in  two  groups  of  four  each,  one 
group  near  each  end  of  the  tube.  The  valves  being 
then  closed,  the  poiilnnns  rose  with  the  tide  and  lifted 
the  tube  hcM  \' ~  ]'.-.•,■••,■  -     The  next  operation  was 

to  tow  and  i  m   '    '•'■'     •      ■  s  iloating  body  to  the 

exact  spot  ni|Hi.  i  u  i  .'i  ^  idling  it.  Calculating 
that  the  tomng  wonhi  (icciL]iy  an  hour  and  a  half,  it 
was  arranged  to  start  thus  much  before  high  water, 
and  with  a  current  of  3  miles  an  hour.  The  towinc 
into  the  middle  of  the  stream  was  effected  by  means 
of  large  capstans,  each  worked  by  50  men  on  tlif 


opposite  shore,  the  hawsers  being  made  fast  to  the 
pontoons  at  each  end.  For  the  purpose  of  guiding  it, 
two  large  hawsers  were  laid  down  the  stream,  one  on 
either  side,  one  end  being  secured  to  the  towers 
between  wliioh  the  tube  was  to  be  raised,  and  tlie 
other  to  fixed  points  upon  the  shore  about  half  a 
mile  from  the  bridge.  These  hawsers  passed  over  the 
pontoons  and  through  fixed  sockets  in  an  apparatus 
called  a  cable-slopper,  by  which  either  hawser  coidd 
be  instantly  gripped  if  necessary,  so  as  to  stop  the 
motion  of  the  tube.  Several  smaller  ropes  were  also 
secured  to  the  pontoons,  so  arranged  as  to  be  taken 
in  or  given  out  by  capstans  on  the  shore. 

The  tube  bcmg  conveyed  to  the  feet  of  the  towers 
at  high  water,  the  next  work  was  to  deposit  it  on  the 
projecting  plinths  of  the  towers  which  had  been  pre- 
pared for  the  pui-pose.  This  had  to  be  accompUshed 
during  the  15  mhintes  that  the  tide  ceases  before  the 
return.    Fig.  355  represents  the  lower  part  of  the 
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Anglesca  and  Britannia  towers  a  and  b,  at  this  period; 
I  is  the  tube  supported  upon  the  eight  pontoons  and 
ready  to  be  deposited  upon  the  projecting  plinths  of 
the  towers.  One  end  of  tlie  tube  is  sho«-n  in  dotted 
lines  as  inserted  within  the  recess  left  in  the  Britannia 
tower,  and  in  tlie  Anglesea  tower  a  portion  of  the 
masonry  is  left  out,  forming  the  side  of  the  recess  of 
sufficient  height  to  admit  the  tube.  A  sectional  plan 
of  the  two  towers  a  and  b  is  given  in  Fig.  356.    The 


fonner  had  two  recesses  on  one  side  for  receiving  the 
mam  tubes,  and  the  latter  similer  recesses  on  both 
sides  for  the  same  purpose.  One  tube  t  is  shown  in 
its  place,  and  the  side  of  tlio  recess  at  r  built  up  :  the 
other,  t'.  1-.  ''!  ■  :i  l^n  i  iitnons,  one  end  being  in  the 
recess  ot'  i       i  ir,  and  the  other  end  ap- 

proachinu  ;     ;  ,il      \imk^sea  tower,  the  side  of 

the  recess  iii  hIiii,  s'li.n  i  1 1  dotted  lines,  is  left  un- 
built to  rccpivc  it.  Fig.  357  is  a  perspective  view  of 
the  lower  part  of  the  Anglesea  tower  after  the  raising 
of  one  tube  and  during  the  raismg  of  the  other.  It 
shows  the  mode  of  getting  the  tubes  into  the  recesses 
by  leaving  out  a  portion  of  the  sides  at  the  lower  part. 
The  proceedings  connected  with  the  floating  of  one 
of  the  main-tubes  on  the  27th  June,  1849,  are  de- 
scribed by  a  correspnnrl.-rf  rf  llir  Tllirstratcd  London 
News.    Afterthepn'  .!it>f..i- lotting 

go  had  been  conij'li :        ''     > 


R.  N.,  to  whom  the  ni 


ptain  Cluxton, 


entrusted.  "  Captain  Claxton  was  easily  distinguished 
by  his  speaking  trumpet,  and  there  were  also  men  to 
hold  tht,  letteib  which  indicated  thedifftrent  capstans, 
so  that  no  nubtiko  could  occui    is  to  which  cipbtau 


should  be  worked  and  flags,  red,  blue  oi  white,  sy 
nailed  what  particular  movement  should  be  mide 
with  each  About  7  30  p  m  the  first  perceptible 
motion,  which  indicated  that  the  fide  was  lifting  the 
mass,  wasobseived,  and,  at  Mr  Stephenson's  desue, 
the  depth  of  water  was  asceitamed  and  the  exact 
time  noted  In  i  few  minutes  the  motion  wis  plainly 
visible,  the  tube  being  fairly  moved  forward  some 
inches.  This  moment  was  one  of  intense  interest ; 
the  huge  bulk  gliding  as  gently  and  easily  forward  as 
if  she  had  been  but  a  small  boat.  Tlie  spectators 
seemed  spell-bound ;  for  no  shouts  or  exclamations 
were  heard  as  all  watched  silently  the  silent  course 
of  the  heavily-freighted  pontoons.  The  only  sounds 
heard  were  the  shouts  from  Captain  Claxton,  as  he 
gave  directions  to  '  let  go  ropes,'  to  '  haul  in  faster,' 
&c.,  and  'broadside  on:'  the  tube  floated  majes- 
tically in  the  centre  of  the  stream.  I  then  left  my 
station  and  ran  to  tlie  entrance  of  the  works,  where 
I  got  into  a  boat  and  bade  the  men  pull  out  as  far  as 
they  could  into  the  middle  of  the  straits.  This  was 
no  easy  task,  the  tide  running  strong :  but  it  afforded 
ine  several  splendid  views  of  the  floating  mass,  and 
one  was  especially  fine  :  the  tube  coming  direct  on 
down  the  stream, — the  distant  hills  covered  with 
trees,— two  or  three  small  vessels  and  a  steamer,  its 
smoke  blending  well  with  the  scene, — forming  a 
capital  background;  whilst  on  one  side,  in  loag- 
stretching  perspective  stood  the  three  unfinished 
tubes,  destined  ere  long  to  form,  with  the  one  then 
speeding  on  its  journey,  one  grand  and  unique  road- 
way .  It  was  impossible  to  see  this  imposing  sight 
and  not  feel  its  singleness,  if  we  may  so  speak.     Any- 
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thing  so  mighty  of  its  kind  had  never  been  before : 
again  it  -b  ould  assuredly  be ,  but  it  was  hke  the  first 
voyage  made  by  the  fiist  steira  vessel, — somtthmg 
till  then  unique  At  8  35  the  tube  was  neuiu^  the 
Auglcsea  piei,  and  at  this  moment  the  expect  iticn  of 
the  spectatois  was  gieatly  lucieised,  as  tlie  tube  mis 
so  neai  its  destination,  and  soon  all  fciis  weie  dis 
pelled  as  the  Anglesea  end  of  the  tube  pissed  beyond 
tlie  piei,  and  then  the  Butannii  piei  end  neared  its 
appointed  spot  and  was  instantly  diawn  back  close  to 
the  piei,  so  as  to  rest  on  the  beiring  intended  for  it 
There  was  then  i  piuse  for  a  feu  uanutcs  while  wait 
mg  foi  the  tide  to  turn ,  ind  when  that  took  plice, 
the  huge  bulk  floated  gently  into  its  place  on  the 


Anglesea  pier,  rested  on  the  beiiing  there,  and  wis 
instantly  made  fast  so  thit  it  could  not  move  igain 
The  cheering,  till  now  subdued,  w  as  loud  ind  hearty, 
and  some  pieces  of  cannon  on  the  shore  gave  token, 
by  their  loud  booming,  that  the  great  task  of  the  day 
was  done."  When  in  its  position,  the  tube  was  made 
to  settle  down  upon  a  bed  of  timber  on  its  bearings 
at  the  foot  of  the  towers,  by  opening  the  valves  in  the 
pontoons,  and  thus  sinking  them  sufficiently  to  free 
them  from  the  tube. 

The  tube,  having  been  thus  deposited  at  the  bottom 
of  the  piers  by  the  buoyant  power  of  water,  had  to  be 
raised  through  an  elevation  of  100  feet  over  a  rapid 
stream  of  460  feet  in  width,  without  scaffolding  of  any 
kind  over  the  opening.  The  method  proposed  for 
effecting  this  was  by  means  of  hydrostatic  presses  of 
great  power  constructed  for  the  occasion.  The 
enormous  force  exerted  by  these  presses  well  fitted 
them  for  raising  the  ponderous  mass  of  1,800  tons ; 
but  the  range  of  the  presses  was  but  small,  the  ram 
being  susceptible  of  only  6  feet  vertical  from  the 
cylinder.  Hence  the  tube  had  to  be  raised  to  the 
required  height  by  a  succession  of  lifts,  each  of  6  feet, 
and  in  order  to  bring  the  rams  into  action,  they  must 
either  press  upwards  against  the  bottom  of  the  tube, 
or  being  placed  above  it,  be  made  to  act  upon  chaijis, 
so  as  to  draw  them  upwards,  and  with  them  the  tube 
fixwi  to  their  lower  ends.  The  latter  course  was 
adopted,  and  the  presses  were  firmly  fixed  in  the  upper 
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part  of  the  towers  immediately  over  the  ends  of  the 
tube,  and  at  such  a  height  as  allowed  the  tubes  to  be 
entirely  raised  without  disturbing  the  presses.  The 
two  presses  used  for  raising  the  tubes  for  the  Conway 
bridge,  were  used  iu  combination  at  one  end  for 
raising  the  tubes  of  the  Britannia  bridge,  and  at  the 
other  end  a  single  press  of  larger  dimensions  was  em- 
ployed. The  ram  of  this  press  was  20  inches  in 
diameter,  and  the  metal  of  the  cylinder  11  inches 
thick.  For  the  purpose  of  forcing  the  -water  into  the 
cylinders  of  these  presses,  two  steam  engines,  each  of 
40-horse  power,  were  employed.  The  actual  work 
done  by  the  large  press  at  one  end  of  the  tube,  or  the 
two  smaller  ones  at  the  other,  is  of  course  equal  to 
raising  half  of  the  tube,  or  900  tons  :  hence  the  power 
exerted  by  the  head  of  the  ram  20  inches  in  diameter, 
is  equal  to  2.25  tons  or  5,0-40  lbs.  per  circular  inch. 

During  the  lifting  of  the  first  of  the  Britimii-' 
tubes  on  the  17th  August,  1849,  after  tbiee  of  the 
6-feet  lifts  had  been  successfully  aceompbshed  on  pic 
vious  days,  the  hftmgwas  proceeding  and  2|  feet  wis 
attained,  when  the  bottom  of  the  cyluider  of  the  large 
press  buistout,  and  fell  with  teinble  foice  (its  weight 
being  about  1^  ton")  on  the  top  of  the  tube  bil  m  i 
depth  of  70  oi  80  feet,  piodiicmg  a  deep  m  1 
and  unfoitunately  stukmg  fatally  a  po(  i 
ployed  on  the  woiks,  \^ho  it  the  tune  v,  i 
a  rope  laddei  fiom  the  tube  to  the  pi  ess  ili  i 
ance  to  the  weight  being  thus  suddenly  destiojeJ, 
the  lam  of  comse  descended  the  part  of  the  hft 
accomplished,  and  the  tube  -would  alio  have  fiUeu 
through  a  similar  space  of  2^  feet,  had  not  Mr.  Ste- 
phenson adopted  the  wise  precaution  of  folio-wing  up 
the  ascending  tube  -with  packings  of  wood  1  iucli 
thick,  which  were  introduced  within  the  recess  as 
quickly  as  the  tube  rose.  This  accident  will  suffi- 
ciently account  for  the  considerable  delay  in  raising 
the  tube. 

At  i!x  v^A«*;.,r,  of  the  British  Association  for  the 
A  V  'V  ii'iice,  held  at  Bu'mingham  in  Sep- 

t  I.I,'     --'rphenson  explained  the  cause  of 

tlir  ,1.1  in -,  llr  Mated  that  the  plan  originally  pro- 
posed, was  liy  hlluig  the  tube  to  the  height  of  0  feet 
at  a  time,  and  then  allo-wing  it  to  be  suspended  by 
chains  to  the  cross  head  during  the  time  the  masom-y 
below  was  carried  up  :  but  this  plan  was  abandoned, 
fearing  that  if  an  accident  should  take  place  either  by 
the  bursting  of  the  press  or  the  breaking  of  a  link  of 
tlie  chain,  the  tube  would  be  totally  destroyed  if  it 
fell  through  such  a  height  as  0  feet  or  even  6 
inches.  He  considered  that  the  only  way  to  proceed 
was  by  packing  in  timbers  inch  by  inch  under  the 
tube  as  it  was  being  lifted,  so  that  in  case  an  accident 
did  take  place,  the  tube  would  not  have  to  fall  through 
a  greater  space  than  an  inch,  and  this  was  the  plan 
adopted  at  the  time  of  the  accident  To  show  how 
necessary  this  was,  it  was  stated  that  although  the 
tube  fell  through  the  space  of  only  1  inch,  it  broke 
down  iron  beams,  each  sufficient  to  bear  500  tons 
■weight.  As  a  further  precaution,  it  was  intended  to 
pack  in  under  the  cross-head  of  the  press,  by  driving 
in  iron  wedges  as  the  tube  was  raised,  so  that  if  tlio 


press  were  to  break  do-wu,  neither  the  cross-head  nor 
the  tube  could  fall  through  a  greater  space  than  an 
inch.  The  nature  of  the  fracture  will  be  seen  from 
Fig.  359,  and  it  is  curious  to  find  that  the  fracture 
took  place  at  that  part  of  the  press  which  was  the 
strongest,  for  it  broke  through  the  angle  of  the  bottom 
at  F,  and  when  it  fell  out,  the  piece  formed  the  frustum 
of  a  cone.  At  the  time  the  presses  were  at  work, 
there  was  not  1  ton  pressure  to  the  square  inch,  the 
area  of  the  fi-acture  being  1,316  square  inches,  and 
the  weight  suspended  on  the  press  1,000  tons.  The 
press  was  calculated  to  bear  3i  tons,  a  pressure  to 
which  hydraulic  presses  are  frequently  subjected  for 
manufacturing  purposes.  The  ram  at  the  time  of  the 
accident  dropped  2^  feet :  if  it  had  been  wedged  up 
as  now  proposed,  the  accident  might  not  have  occurred. 
Mr.  Stephenson  believed  the  fracture  took  place  in 
consequence  of  the  unequal  cooling  of  the  iron  at  the 
angler,  he  had  theiefore  decided  upon  hi\ing  \v,o 
cvlmdcis  cast  in  some  othei  fomi  one  as  m  Fi  iGO 
with  a  spherical  bottom,  the      i      i'  the 


cjlmducol  pait ,  and  the  other  as  m  Tig  361,  with 
an  open  bottom  and  a  plate  made  to  close  the  opemng 
It  w  as  also  stated  that  when  liftmg  the  Conway  tubes, 
they  commenced  by  lifting  both  ends  simultaneously  ; 
but  when  the  engines  had  been  at  work  for  a  short 
period,  the  tube  was  observed  in  a  tremulous  motion 
like  a  wave.  By  working  the  pumps  at  each  end 
alternately,  the  motion  was  got  rid  of.  Some  dis- 
tinguished mechanical  philosophers  present  at  the 
meeting,  considered  that  the  accident  at  the  Britannia 
bridge  might  have  been  occasioned  through  pulsation 
of  the  press,  arising  from  the  oseiUattng  motion,  how- 
ever small,  of  the  tube.' 

A  perspective  -view  of  the  Anglesea  tower  is  given 
in  Fig.  357,  showing  one  of  the  tubes  elevated  to  its 
place,  and  another  tube  partly  raised.  It  also  shows 
the  tliree  east-iron  key -beams  drawn  out  and  supported 
ou  a  bracket  platform.  When  the  tube  was  lifted  to 
its  full  height,  these  beams  were  driven  into  their 
permanent  places  in  the  boxes  which  were  built  into 
the  towers,  and  thus  served  to  support  the  ends  of 
the  tube  while  the  chains  and  lifting  frames  were  de- 
tached. The  rising  tube  had  also  a  stage  slung  upon 
it,  upon  which  the  workmen  -were  supported  for  the 
purpose  of  packing  the  wooden  slabs  under  the  tube 
as  it  rose,  and  buUdiug  up  the  recess  with  brick-work 
in  cement. 

Figs.  362  and  363  show  the  combined  arrangements 
for  lifting  the  tubes  of  the  Conway  Bridge,  with  the 
hydraulic  press,  chains,  &c.  and  the  cast-iron  lifting 
frames,  as  described  in  Mr.  Fairbairn's  work.  Fig. 
363  is  a  transverse  section  through  the  tube  and  front 


elevation  of  the  press.  Fig.  303  is  a  side  view  of 
tlie  end  of  the  tube,  together  with  the  press.  In 
the  sectional  view  it  will  be  observed  that  the 
press  n  iiaJ  to  be  supported  upou  4  large  cast- 
iron   beams    .\  ],   A  2.      Tlio    two   principal   beams 
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the  top  of  the  beams  a,  and  by 


a  lining  of 
soft  wood  between  them,  an  equal  distribution  of  load 
n-as  obtained.  On  the  top  of  the  ram  b  was  placed 
,ho  cross-head  c,  having  a  perfectly  flat  sm-face  on 
lie  top  side,  and  two  rectangular  openings  at  each 


*r-rrrrr 


■rarkcd  a,  were  4  feet  deep,  and  cakulatcd  fogeihcr 
0  support  a  load  of  ],4n0  tons  in  the  middle,  or 
r  surface.  To 
effect  that  distribidioii,  and  to  mal<e  allowance 
for  any  unforcseon  defect  in  the  ca.sliiigs,  two  other 


0  admit  the  chains  T  I  passing  through  a.-" 
sliowii  at  a,  Fig.  302  ;  also  two  circular  holes  at  b,  b, 
running  upon  the  slide  bars  c  c  which  were  attached 
to  the  cross-beam  d  to  keep  them  steady.  To  each 
end  of  the  tube  three  strong  cast-iron  frames  e  e  e 
were  riveted,  and  to  these  again  were  fitted  the  trans- 


verse  beams  F  F  F,  &e.,  collectively  forming  three 
strong  frames,  of  the  height,  width  and  interior  di- 
mensions of  the  end  of  the  tube.  The  object  of  these 
frames  was  to  stiifen  the  sides,  top  and  bottom  of  the 
tube,  and  to  connect  them  with  each  other  at  the  point 
where  it  rested  on  the  piers,  and  had  to  sustain  a 
prcssui-e  of  from  600  to  700  tons.  These  frames  had 
also  to  receive  tlie  cross  beams  g  a,  to  which  the 
chains  for  raising  the  tubes  were  attached.  These 
latter  beams  were  computed  to  sustain  a  load  of  3,000 
tons  and  upwards,  and  the  more  effectually  to  equalize 
the  pressm-e  upon  them,  wrought-irou  keys  were  in- 
serted between  the  cross-beams  and  the  shoiddcrs 
of  the  side  frames  e  e,  which  also  had  the  effect  of 
regulating  and  rendering  uniform  the  tension  of  the 
chains.  In  this  way  a  power  was  obtained  of  giving 
to  each  beam  its  equivalent  share  of  the  load. 

The  reasons  for  giving  rigidity  to  each  end  of  the 
tube  were,  1st,  to  strengthen  the  sides  at  those  parts, 
and  to  protect  the  upper  and  lower  cells  from  injui-y  ; 
2d!y,  to  strengthen  the  lower  cells  and  render  them 
capable  of  sustaining  the  weight  of  the  tube  when 
resting  wholly  on  its  base;  and  3dly,  to  make  the 
whole  of  these  parts  of  sufficient  strength  to  icsist  flic 
strain,  whether  arising  from  a  vertical  ]'i( -  >:  <  up  m 
the  bottom,  or  from  a  tensile  strain  whru  | 
by  the  chains  and  hydraulic  pumps.  To  :  i  '  ■ 
objects  tlie  strong  cast-iron  frames  e  i:,  >\(  ,  h^> 
inserted,  wliieh  acted  alike  as  pillars  and  suspenders, 
and  the  cross  beams  f  f,  &c.,  which  distributed  the 
pressure  along  the  under  and  upper  surface  of  the 
cells,  thereby  equalizing  the  strain  in  abiost  every 
direction  over  the  interior  as  well  as  the  exterior 
portion  of  that  part  of  the  tube. 

The  cast-iron  frames  d,  d,  d,  &c.,  whieli  embrace  the 
vertical  divisions  of  the  lower  cells,  extend  to  a  dis- 
tance of  4  feet  beyond  the  bearing  of  the  tube,  where 
they  terminate  on  the  sides  of  the  plates,  with  a  thin 
edge  like  a  wedge,  as  at  i/.  Fig.  363.  By  this  arrange- 
ment a  strong  and  perfectly  rigid  basement  was 
introduced  at  the  points  of  greatest  pressure,  with- 
out obstructmg  the  entrance  into  the  cells,  or  in  any 
way  impairing  the  efficiency  of  the  tubes.  In  tlie 
upper  cells,  which  are  not  subject  to  pressure,  the 
same  precautions  were  not  required,  since  it  was 
found  that  the  top  cross  frames  f  were  amply 
sufhcient  to  protect  these  cells  from  injury  during 
the  process  of  lifting. 

In  addition  to  the  two  large  beams  a  1  and  a  2  for 
supporting  the  hydraulic  press,  two  strong  beams 
B  were  built  in  the  side  walls,  on  each  side  of  the  re- 
cess, to  prevent  the  unusual  strain  of  such  an  enormous 
weight  fraotui'ing  the  masonry  and  sliding  off  in  the 
shape  of  a  wedge.  Besides  these  beams,  six  other 
transverse  beams  were  inserted  at  ff,  &c.,  carrying 
the  cast-iron  troughs  //,  &c.  which  held  the  gun-metal 
balls  on  which  the  U]iper  part  of  the  tube  was  sup- 
ported. Oil  'I  '  I  <'  inp  of  the  upper  troughs 
rested  fli  _  iMst-iron  beams  ////,  &o. 

The^o  li    II  I    .11(1  of  the  tube  at  a  dis- 

tance of  :'  t  li  ;i  ''i  I "]i,  and  by  means  of  an 
equal  number  of  siKn-i-liiilts  riveted  to  the  sides  of 


the  tube,  the  requii-ed  weight  could  be  thrown  upon 
tlie  bails.  Thus  the  tube  was  not  only  supported  by 
the  top  as  well  as  the  bottom,  but  one  half  of  the 
w-eight  resting  upon  the  balls  gave  additional  security 
to  the  vertical  position  of  the  tube  when  advancing 
to  or  retiring  from  the  towers  by  the  expansion  or 
contraction  of  the  metal.  At  the  other  end,  which 
was  stationary,  the  same  principle  of  support  was 
employed,  except  that  the  balls  and  roUers  were  not 
required.  The  bottom  of  the  plate  at  the  movable 
end  was  supported  on  the  bed-plates  ram,  aud  between 
them  were  two  frames  containing  drilled  roUers, 
Fig.  354,  on  which  the  top  plate,  and  along  with  it 
the  tube,  moved  with  the  same  facility  as  on  the  balls 
above. 

The  lifting  chains  t,  t,  were  formed  in  links  with 
notches  at  one  end  of  each  alternate  link,  fitting  into 
corresponding  ones  on  the  lower  flanges  of  the  cross 
girders  G,  G,  and  when  these  were  bolted  in  their 
places,  the  links  were  as  sho^ii  in  Fig.  362,  held  fu-mly 
between  them.  Each  set  of  links  consisted  of  8  and 
9  alternately,  the  8  being  made  somewhat  thickei 
tlian  tlie  9,  so  as  to  be  equally  strong.  Each  link  was 
7  inches  v.ide,  and  about  1  inch  thick,  aud  exactly 
i;  r  ••  i"  !  Tj'i'i  i,(v,T:-i  i';'  r,T'i:'s  of  tho  Bycs  at 
'  ,     '     i  ■         iiiljusted  to  the 

I'irliiri,!  liy  i|.",.,  .|V  J  ■..yr  [n  (ir-c3S,  by  which 
wrought-irou  bars  are  rolled  with  the  ends  or  heads 
of  increased  breadth  in  one  entire  piece,  thereby 
getting  rid  of  the  uncertain  process  of  welding. 

The  press  by  which  these  chains  were  drawn  up, 
and  the  tube  thereby  raised,  is  shown  in  the  place 
above  the  tube  which  it  occupied  during  the  whole 
operation.  The  press  consists  principally  of  the 
cylinder  h,  the  ram  or  piston  b,  a  pipe  by  which 
the  water  was  introduced  from  the  pumps,  and  the 
cross-head  c.  The  cylinder  rested  within  a  cast- 
iron  jacket  or  casing,  supported  upon  the  transverse 
girders  a1  a2.  The  forcing  of  water  into  the  cylinder 
causes  the  ram  to  rise,  forcing  up  with  it  the  cross- 
head  c.  Upon  the  cross-head  two  paii-s  of  clamps,  it, 
were  fixed,  which  embraced  the  notched  ends  of  the 
chain  links  and  were  screwed  up  tightly  against  them 
with  screws.  These  screws  had  cogged  wheels  i 
fitted  to  their  ends,  and  an  intermediate  pinion, 
turned  by  a  winch,  gave  motion  to  tlie  wheels  of  the 
two  screws.  A  similar  arrangement  of  clamps  and 
gearing  was  fixed  below.  The  action  of  the  press  was 
preserved  in  a  truly  vertical  direction  by  fixed  guide 
rods,  r  c,  secui'ed  above  to  the  cross-girder  r,  and  upon 
these  rods  the  cross-head  slid  upward  as  the  action 
of  the  press  continued.  The  apparatus  by  which  the 
tubes  were  sustained  during  the  time  of  lowering 
the  ram  for  the  succeeding  lift,  consisted  of  two 
distinct  sets  of  clips,  one  for  embracing  the  Unks 
upon  the  cross-head  of  the  ram  during  the  time  of 
lifting,  as  shown  at  c,  and  the  other  for  supporting 
the  weight  of  the  tube  on  the  frame  n  until  the  ram 
and  cross-head  were  lowered  to  a  position  for  seizing 
the  next  link.  These  changes  were  effected  by  the 
simple  process   of  screwing  the   clips  wliich   slide 


uvon  the  cross-head  c,  close  upon  the  cliains,  when 
the  tube  had  to  be  raised ;  and  by  a  similar  move- 
ment of  the  clips  which  slide  upon  the  frames  u  they 
were  drawn  under  the  shoulders  of  the  links,  and 
by  this  means  tlio  tube  was  held  suspended  imtil  the 
clips  on  tlie  cross-head  were  opened  and  the  ram 
lowered  for  the  succeeding  lift.  Tiiis  was  done  by 
the  wheels  and  pinions  hk,  which  opened  or  closed 
the  clips  by  right  and  left-hand  screws,  which,  working 
in  brass  nuts,  were  attached  to  each  block.  Tlie  top 
links  at  o  were  dragged  forward  along  the  Top  of  the 
tower  diu-ing  the  ascent  of  the  tube  without  dis- 
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two  locomotive  engines  througli  the  tube,  and  resting 
them  at  intervals  in  the  centre  of  the  sections.  A 
train  of  28  waggons  and  2  locomotives,  with  280  tons 
of  coal,  was  drawn  into  all  four  of  tlie  tubes,  the  de- 
flections being  carefully  noted.  These  dcllcctioiis 
were  ascertained  to  be  exactly  three-quarters  of  an 
inch  under  this  load.  After  repetitions  of  these  ex- 
perimental ordeals,  which  occupied  several  hours,  tiie 
train  of  280  tons,  with  its  two  locomotives,  was 
removed  about  a  mile  distant  from  the  tube,  and  then 
suddeidy  shot  through  it  with  the  greatest  attainable 
velocity ;  and  the  result  was,  that  the  deflection  at 
this  unmense  velocity  of  load  was  sensibly  less,  in  the 
na\  of  undul  ition,  than  mIicii  the  load  was  allo^^ed  to 
■  1  .1,       1        Tl        II  1       l.uh 


Friday,  the  3d  ^,  ptimb.  i,  l^'.n  Thr  C  (iiurMin- 
shire  end  of  the  tube  \ias  lu^cicd  three  fctt,  the 
opposite  end  being  joined  on  to  the  Aiiglosea  large 
tube  in  the  interior  of  the  tower  on  the  Britannia 
rock,  and,  obedient  to  the  law  of  the  novel  operation, 
the  centres  of  both  tubes,  as  before,  were  raised  up 
several  inches.  Nothing  beyond  a  mere  fractional 
deflection  has  been  observed  to  take  place  in  the  tube 
that  has  been  opened  since  March,  and  which  has 
been  subjected  to  the  constant  transit  of  heavy 
trains  and  traffic.  Some  ciuious  acoustic  effects  have 
been  observed.  Pistol  shots,  or  any  sonorous  noises, 
are  echoed  within  the  tube  half-a-dozen  times.  The 
cells  of  the  top  and  bottom  are  used  by  the  cnginpcrs 
as  speaking  tubes,  and  they  can  carry  on  conversa- 
tions through  them  in  whispers;   by  elevating  the 


,  persons  may 


through  the  length  of 


the  bridge— nearly  a  quarter  of  a  mile.  On  Monday, 
21st  October,  1S50,  the  permanent  public  opening  of 
the  new  line  of  tubes  for  the  down  line,  from  London 
to  Dublin,  took  place ;  the  great  structure  being  in  all 
important  respects  completed.  On  the  19tli  October, 
the  Government  inspector  went  over  it,  and  instituted, 
in  conjunction  with  the  engineers,  a  long  series  of 
experiments.  The  fii-st  experiment  consisted  in  passing 
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L  .  )'  Mil  11  ^I,  si  1  ii'dKCLuk,  the  resident 
(_ii.,ni  lis  \\\\  ,  1  11 1  \\  iljiid  minutely  from  day  to 
d  i\  all  thi  ill  \i  ln[  ed  ]u  "uhantics  of  the  novel  under- 
taking, state  that  the  heaviest  gales  thioiif,li  tlie 
straits  do  not  produce  so  nuieh  motion  over  the 
extent  of  either  tube  as  the  pressure  against  tlio  side 
of  the  tubes  of  ten  men;  and  that  the  prcsbuic  of 
ten  men,  keeping  time  with  the  vibrations,  produces 
an  oscillation  of  \\  inch ;  the  tube  itself  making  07 
double  vibrations  per  minute.  The  strongest  gusts 
of  wind  that  have  swept  up  the  channel  during  the 
late  stormy  weather  do  not  cause  a  vibration  of  more 
than  \  inch.  The  broadside  of  a  storm  causes  an 
oscillation  of  less  than  an  inch ;  but  when  the  t\\  o 
tubes  are  braced  together  by  fiames,  which  is  now 
being  done,  these  motions,  it  is  expected,  will  cease. 
The  action  of  the  sun  at  midday  does  not  mo\e  them 
more  than  \  or  |ths  of  an  inch.  The  daily  expansion 
and  contraction  of  the  tubes  varies  from  half-an-inch 
to  three  inches,  attaining  either  the  maximum  or 
minimmn  at  about  3  o'clock  a.m.  and  p.m.  If  a  com- 
pass be  held  over  any  part  of  the  bottom  of  the  cells, 
the  south  pole  is  affected,  and  if  held  over  the  top  of 
the  cells,  the  north  pole  is  aff'ected ;  and  tlds  effect  is 
observable  in  all  parts  of  the  tube,  whether  at  the 
centre  or  the  end,  althoug'li  theii-  position  is  only  about 
10^  west  of  the  magnetic  meridian.  Preparations  are 
making  for  covering  the  tubes  with  a  liglit  arclied 
roof,  of  peculiar  construction. 


BROMINE— BRONZE. 


The  following  is  an  oflacial  return  of  t 
the  entire  structure : — 
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llie  entire  bridge,  including  both  lines,  contains 
nearly  a  million  and  a  half  cubic  feet,  or  105,000  '. 
Ions,  of  masonry,  41,200  cubic  feet,  or  9,4S0  tons,  ' 
of  wi-ought-iron,  and  1,9SS  tons  of  cast-iron.  The  j 
two  tubes,  in  their  complete  state,  contain  9,360  j 
tons  of  wrought -iron,  1,015  tons  of  cast-iron,  and 
105  tons  of  permanent  way.  They  are  composed  of 
about  1 86,000  separate  pieces  of  u-on,  pierced  by  seven 
millions  of  holes,  and  united  by  upwards  of  two  millions 
of  rivets.  They  contain  435,700  feet  or  83  miles,  of 
angle-iron  ;  and  their  total  weight  is  10,540  tons. 

BRraSTONE,  (from  the  Saxon  Brenne-slone,  a 
stone  that  burns )     See  Sulpituk. 

BRINE-WELLS,  see  SoDroii,  chloride  of. 
BROMINE,  (from  ,5,ow^o<.-,  a  noisome  smell,)  an 
eleuicntary  substance,  discovered  in  1S2G  by  M. 
Balard,  of  Montpellier,  in  the  bittern,  or  uncrystal- 
lizeable  residue  of  sea-water.  It  is  contained  in 
minute  quantities  in  sea-water,  and  is  a  frequent 
constituent  of  saline  springs,  chiefly  as  bromide  of 
magnesium.  There  is  a  celebrated  spring  of  this 
kind  near  Krcutznach,  in  Prussia,  which  is  the  chief 
source  of  bromine  as  an  article  of  commerce. 

At  common  temperatures,  bromine  is  a  red  thin 
liquid,  of  an  exceedingly  intense  colour,  very  volatile, 
and  of  a  very  suffocating  and  offensive  odour.  Phos- 
phorus ignites  spontaneously  in  its  vapour :  tin  and  an- 
timony also  burn  in  it.  Bromine  becomes  solid  and  crys- 
tallineat9°-5,  andboilsat]45°-4.  The  density  of  the 
liquid  at  32°  is  3 '18 7,  and  of  the  vapour  5  39.  Bromine 
is  fatal  to  animal  life.  It  is  slightly  soluble  in  water, 
more  freely  in  alcohol,  and  most  abundantly  in  ether. 
The  aq aeons  solution  destroys  vegetable  colours.  Bro- 
mine forms  hydrobromio  acid  with  hydrogen,  andbromie 
acid  with  oxygen.  Its  symbol  is  Br,  and  equivalent  80. 
BRONZE  is  an  alloy  of  copper  and  tin,  used  by 
the  ancients  for  easting  statues  and  other  ornaments. 
In  the  following  table,  the  composition  of  several 
ancient  bronzes  is  given,  showing  the  number  of 
ounces  of  tin  added  to  each  pound  of  copper. 

f  oz.  Ancient  bronze  naUs,  flexible ;  or,  20  copper. 


tin. 

Ifc 

z.  Soft  bronje ;  o 

9  tol. 

2oz 

Medium  bronze 

or  8  to  1 

2ic 

z.  Hard  bronze ; 

or  7  to  1. 

According  to  various  modem  analyses,  ancicut 
weapons  and  tools  contained  from  S  to  15  per  cent, 
of  tin ;  medals,  from  8  to  12  per  cent,  tin,  with  2 
parts  zinc  added  to  each  100,  for  improving  the 
bronze  colour. 

The  modem  alloys  of  copper  and  tin  have  led  to 
the  production  of  a  variety  of  metals,  bearing  different 
names,  and  applied  to  different  nses.  The  principal 
of  those  which  have  as  yet  been  discovered  are — 

1  oz.  Soft  gun-metal,  that  bears  drifting,  or  stretch- 
ing from  a  perforation. 

1|  oz.  A  little  harder,  fit  for  mathematical  instru- 
ments ;  or,  12  copper,  and  1  very  pure  grain  tin. 

li  oz.  StiU  harder,  and  fit  for  wheels  to  be  cut 
with  teeth. 

li  to  2  oz.  Brass  ordnance;  or,  S  to  12  per  cent, 
tin.    The  general  proportion  is  one  ninth-part  of  tin. 

2  oz.  Hard  bearings  for  machinery. 
Si  oz.  Very  hard  ditto. 

3  oz.  Soft  mnsical  bells. 

Z\  oz.  Cliinese  gongs,  and  cymbals ;  or,  20  per 
cent.  tin.  This  alloy,  -when  newly  cast,  is  very 
brittle ;  but,  by  being  plunged  at  a  cherry-red  heat 
into  cold  water,  and  confined  between  two  discs  of 
iron,  to  keep  it  in  shape,  it  becomes  tough  and 
malleable. 

4  oz.  House-bells. 
44  oz.  Large  bells. 

5  oz.  Largest  bells. 

7-1  to  8i  oz.  Speculum  metal.  In  some  cases,  1 
oz.  of  brass  is  added  to  each  pound,  for  the  purpose 
of  introducing  a  small  portion  of  zinc.  In  other  cases 
small  proportions  of  silver  or  arsenic  are  added.  The 
Earl  of  Rosse  says : — "  Tin  and  copper,  the  materials 
employed  by  Newton  in  the  first  reflecting  telescope, 
are  preferable  to  any  other  ■with  which  I  am  ac- 
quainted; the  best  proportions  being  4  atoms  of 
copper  to  1  of  tin  ;  in  fact,  126.4  parts  of  copper  to 
5S.9  of  tin."  The  object  appears  to  be  the  exact 
saturation  of  the  copper  with  the  tm ;  but  in  this,  as 
in  every  other  alloy,  the  proportions  differ  with  the 
degrees  of  purity  of  the  metals.  "  When  the  alloy  is 
perfect,  it  should  be  "white,  glassy,  and  flaky.  AVTien 
the  copper  is  in  excess,  it  imparts  a  red  tint,  easily 
detected ;  when  the  tin  is  in  excess,  the  fracture  is 
granulated,  and  also  less  white."  The  melted  tin 
shoidd  be  poured  into  the  fluid  copper  at  the  lowest 
temperature  that  a  mixture  can  be  produced  by 
stirring.  The  mixtui-e  is  then  poured  into  an  ingot, 
and  the  combination  completed  by  gradually  remclting, 
putting  the  metal  into  the  furnace  almost  as  soon  as 
it  is  lighted.  Trial  is  made  of  a  small  piece  taken 
from  the  pot  before  pouring. 

32  oz.  of  tin  to  1  lb.  of  copper  make  an  alloy  called 
by  pewterers  temper,  which  is  added  in  small  quantities 
to  tin  for  some  kinds  of  pewter,  called  iin  and  temper, 
in  which  the  copper  is  often  less  than  1  per  cent, 
[See  Pewter.] 

The  addition  of  tin  contmually  increases  the  fusi- 
bihty  of  the  alloy,  although,  when  added  cold,  it  is 
apt  to  make  the  copper  pasty,  or  even  to  set  it  in  a 
solid  lump  in  the  cnicible.     In  the  proportion  of  2J 
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07,.  to  the  pound,  the  tiu  does  not  greatly  impair  the 
red  colorir  of  the  copper.  It  becomes  greyish  white 
at  6,  and  quite  wliite  at  8.  Beyond  this  the  alloy 
has  a  blueish  cast.  The  alloy  is  scarcely  malleable  at 
2  oz.,  and  it  soon  becomes  hard,  brittle,  and  sonorous. 
Alloys  of  1 5  cut  easily ;  at  SJ  they  are  at  the  hardest, 
without  being  crystalline;  beyond  this  they  crumble 
under  the  Qlo,  until  the  tin  is  greatly  in  excess,  as  in 
the  pewters,  when  the  alloys  become  flexible,  soft,  mal- 
leable, and  ductile,  the  less  the  proportion  of  copper. 

In  some  bronzes  small  proportions  of  zinc  and  lead 
are  added.     For  gilt  ornaments  of  bronze  it  has  been 
rcconnnended  to  employ  82  parts  copper,  18  zinc, 
from  3  to  1  of  tin,  and  from  3  to  IJ  of  lead      Su.  h 
an  alloy  has  a  close  grain;  but  the  lead  dmin 
the  tenacity,  and  increases  the  density.      \ 
alloy,  which  is  said  to  require  only  a  small  (| 
of  gold  in  the  gilding,  is  composed  of  coppti  "-  i  -In, 
zinc  17.481,  tiu  0.23S,  lead  0.021. 

The  antique  bronze  colour  is  giveu  to  brouze 
Cgures  by  the  following  process : — Two  draohnis  of 
sal-ammoniac  and  half  a  drachm  of  binosalate  of 
potash  arc  to  be  dissolved  in  li  ouncc-measiu-es  of 
colourless  vinegar.  This  solution  is  to  be  applied 
with  a  hair-pencil  in  a  very  thiu  layer,  the  object 
having  been  previously  warmed  gently ;  and  the 
operation  is  to  be  repeated  until  the  desired  colour  is 
produced. 

For  the  casting  of  bronze  statues,  &c.,  see  Casting. 

A  cheap  method  of  forming  articles  in  bronze,  by 
the  electrotype  process,  has  recently  been  intioduccd. 
In  1811,  M.  dc  Ruolz  comnmnicated  to  the  Academy 
of  Sciences  at  Paris  a  process  by  which  he  bronzed 
metals,  by  depositing  on  them,  by  means  of  the 
voltaic  battery,  coatings  of  brass  or  bronze,  of 
variable  thickness.  This  process  required  the  use 
of  the  double  alkaline  cyanides  of  copper  and  zinc, 
or  copper  and  tin,  the  high  price  of  which  precluded 
their  use  in  practice.  Instead  of  these  cyanides, 
MM.  Brunei,  Bisson  and  Gaugain  employ  an 
aqueous  solution  of  500  parts  carbonate  of  potash, 
20  parts  chloride  of  copper,  40  parts  sulphate  of 
zinc,  250  parts  nitrate  of  ammonia.  In  order  to 
obtain  bronze,  a  salt  of  tui  is  substituted  for  the 
zinc.  By  means  of  these  solutions,  wrought  or  cast- 
iron,  steel,  lead,  zinc,  tin,  and  the  alloys  of  these 
metals,  either  with  each  other  or  with  bismuth  and 
antimony,  may  readily  be  coated  with  brass  or  bronze, 
after  being  properly  cleaned  or  scoured,  accorduig  to 
the  nature  of  the  metal.  The  operation  is  performed 
at  the  ordinary  temperatm-c.  The  article  to  be  coated 
is  put  in  communication  with  the  negative  pole  of  a 
Bunsen  battery ;  the  positive  decomposing  pole  being 
a  plate  of  brass  or  bronze.  When  Lll^c  suifaeis  au- 
to be  coated,  the  number  of  pail^  i  i  ,  •  i  i  'i  u 
size,  must  he  increased.  "Win  u  i 
been  coated,  and  coloured  in  thi  u  ' 
equal  in  beauty  to  the  finest  bioiuL  li  ij^'i  '  a  I 
iron  may  by  these  means  be  made  to  assume  a  \tiy 
beautiful  appearance;  and  articles  thus  coated  will 
be  preseiTcd  from  rust  in-doors ;  but  if  intended  for 
the  open  air,  they  must  be  protected  by  a  suitable 


varnish.  lu  1847,  a  patent  founded  on  this  method 
was  granted  to  C.  de  la  Salzede.  [See  Alloy,  App.] 
BRONZING  is  the  art  of  comniunicatuig  to  articles 
in  metal,  wood,  ivory,  clay,  or  plaster,  the  effcet  of 
brouze  statues.  An  important  ingredient  in  biniizing 
is  ffokl-powder,  which  is  prepared  in  the  fnllowmg 
manner.  Loaf-gold  is  groimd  with  virgin  honey  on 
a  stone,  until  the  leaves  are  broken  up  and  minutely 
divided.  The  mixture  is  then  removed  from  the  stone 
by  a  spatula,  and  stii-red  up  in  a  basin  of  water, 
whereby  the  honey  is  melted,  and  the  gold  set  free. 
Tlie  basin  is  then  left  undistuibeJ  uutU  the  gold 
subsides.     The  Avater  is  then  pouied  off,  and  fresli 


following  manner  : — A  pound  of  tin,  7  oz.  of  llou  f  i  s 
of  sidphur,  half  a  pound  of  pure  merciu-y,  ami  half  a 
pound  of  sal-ammoniac  are  the  ingredients.  The  tin 
is  melted  in  a  crucible,  and  poiu-ed  into  the  mcroui  y : 
when  this  amalgam  is  cold,  it  is  reduced  to  powdti, 
and  ground  with  the  sal-aminoniao  and  sulphur  until 
the  ingredients  be  well  uicorporated.  They  are  then 
calcuied  in  a  matrass,  and  the  subHmation  of  the 
other  iugredionts  will  leave  the  tin  in  the  state  of 
aurum  mosaicum  at  the  bottom  of  the  glass,  in  the 
form  of  a  bright  flaky  gold  powder.  Any  black  or 
discoloured  particles  must  be  removed.  These  pow  dei  s 
a.e  coiumouly  used  in  bioiuiiM  ,  but  ulu  ii  ,  ^1,  ul.  of 


flask.  When  the  acid  is  satmated,  the  sli[)s  are 
romo\  ed,  or  the  solution  is  poured  off  from  the  filings. 
Small  iion  bars  are  then  put  in,  which  will  precipitate 
the  copper  fiom  the  sTtiinfrl  irnl  n  the  form  of  a 
Ml  I  1-.  then  to  be 
>l,Hllv\uth 


powder 

rcsemblmg  ( 

poui-cd  off,  and  tin 

water. 

Uuhl^u,,    > 

from  a 

H,U,1    1        1     1 

The  lat 

to  the 

U,l 

mixture  is  boil^'d  until  a  small  quantity,  whm  tAen 
out,  is  somewhat  thicker  than  tar,  and  the  whole  is 
strauicd  through  a  coarse  cloth.  When  used,  it  must 
be  ground  with  as  much  vermilion  as  will  render  it 
opaque,  and  at  the  same  time  be  diluted  with  oil  of 
tiu-pentiiic,  so  as  to  make  it  work  freely  with  the 
pencil. 

In  bronzing  plaster  figures,  a  cement  may  be  used 
or  not ;  but  if  used,  the  bronzing  wfll  be  more  durable. 
If  a  cement  be  used,  the  powders  are  mixed  with 
strong  gimi-water  or  isinglass,  and  laid  on  with  a 
pencil  or  brush.  Some  artists  begin  from  the  bottom, 
and  work  upwards.  The  subject  to  be  bronzed  may 
also  be  covered  with  gold-size,  diluted  with  turpen- 
tine, and  being  allowed  to  dry  very  nearly,  a  piece  of 
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soft  leather,  wi-appcd  round  the  iiuger,  is  dipped  into 
the  powder,  and  rubbed  over  the  work,  or  the  powder 
may  be  spread  with  a  soft  camel's-hair  pencil.  When 
the  whole  is  covered,  it  is  left  to  dry,  and  the  loose 
powder  is  then  cleaned  off  with  a  hair  pencil.  Much 
of  the  effect  depends  on  applyuig  the  powder  at  the 
proper  point  of  dryness.  The  precise  tint,  and  the 
proper  distribution  of  light  and  shade,  must  be  left 
to  the  taste  of  the  artist. 

For  bronzing  on  wood,  prussian  blue,  patent  yellow, 
raw  unibcr,  lamp-black,  and  pipe-clay,  are  separately 
ground  with  water  on  a  stone,  and  as  much  of  them 
as  will  make  a  good  colour  is  put  into  a  small  vessel 
containing  sufficient  size  to  produce  not  quite  that 
strength  called  clean  size  in  gilding.  The  wood 
having  been  cleaned  and  smoothed,  is  coated  with 
a  mixture  of  clean  size  and  lamp-black :  it  is  then 
coated  twice  with  the  above  ingredients,  drying 
between  each  appUcation.  The  bronze  powder  is 
then  applied  with  a  pencil,  and  the  whole  is  bui-nished 
or  cleaned.  The  parts  injured  by  this  process  having 
been  repaii-od,  the  work  is  coated  with  a  thin  lather 
of  Castile  soap,  which  will  take  off  the  glare  of  the 
burnishing :  it  is  then  carefully  rubbed  with  a  woollen 
cloth.  The  gangrenous  appearance  of  the  cavities  is 
produced  by  wetting  them  slightly  with  a  hair-pencil 
dipped  m  the  lather,  and  then  sprinkling  them  with 
a  little  dust  of  verditer  gum.  TVTien  dry,  the  super- 
fluous powder  may  be  rubbed  off. 

Copper-coins  and  medals  may  be  bronzed  by  tiie 
following  process  : — Dibsulve  in  vinegar  2  p;«'ts  ver- 
digris  and  1   piii      .:  , nv.-r.     Boil,  skim,  and 

dilute  the  soluliwi,  ;, -'i   ■,    .,  .    i,  iiil  it  ceases  to  let 

fall  a  white  prcei, I,         ,   in  m  is  then  made 

to  boil  briskly,  and  la  i.uuicd  iijiuii  the  objects  to  be 
bronzed,  previously  made  perfectly  clean  and  free 
from  grease,  and  set  in  a  copper  pan,  which  is  to  be 
put  on  the  fire  and  the  boding  renewed.  The  pieces 
must  be  so  arranged  that  the  solution  may  be  in 
contact  with  every  point  of  their  surface.  The 
copper  thus  acqidrcs  an  agreeable  reddish-brown  hue 
without  losing  its  lustre,  but  it  is  necessary  to  in- 
spect the  articles  every  five  minutes  and  to  remove 
them  from  the  solution  the  moment  the  desired  shade 
is  attained.  The  pieces  must  then  be  washed  re- 
peatedly with  water  and  carefully  di-ied.  If  the 
solutlou  has  been  too  strong,  the  bronzing  will  come 
off  with  friction,  or  turn  green  by  exposure  to  the  air. 

An  antique  bronze  appearance  may  be  given  by 
dissolving  1  part  sal-ammoniac,  3  parts  cream  of 
tartar,  and  6  parts  common  salt,  in  12  parts  of  hot 
water.  This  solution  is  to  be  mixed  with  8  parts  of 
a  solution  of  nitrate  of  copper,  specific  gravity  1.160. 
When  this  compound  is  applied  repeatedly,  in  a 
moderately  damp  place,  to  articles  of  bronze,  it  gives 
them  a  dm-able  green  coat  which  gradually  increases 
in  beauty.  By  increasing  the  proportion  of  co:nmon 
salt,  a  yellowish  tinge  is  produced ;  by  dmimishmg  it, 
a  bluish  cast  is  obtained.  A  large  addition  of  sal- 
ammoniac  hastens  the  process. 

The  browning  or  broming  of  gun-barrels  and  other 
hrticles   of  iron  consists  in  giving  them  a  shining 


brown  colour,  which  improves  the  appearance,  pro- 
tects them  from  rust,  and  in  the  case  of  gun-barrels 
serves  to  conceal  them  from  the  game  and  the 
enemy. 

By  one  operation  a  thin  uniform  fihn  of  oxide  of 
iron  is  raised  on  the  surface,  and  the  gloss  is  given 
by  rubbing  wax  over  it  or  coating  it  with  sheU-lac 
varnish.  The  fihn  of  oxide  is  produced  by  exposing 
the  iron  in  a  close  place  to  the  vapour  of  muriatic 
acid,  or  by  moistening  the  surface  with  dilute  muriatic 
or  nitric  acid.  Butter  or  cldoride  of  antunony,  called 
hronzing  salt,  is  commonly  used.  It  is  mixed  with 
olive  oil,  and  rubbed  upon  the  iron  slightly  heated . 
a  greater  or  less  exposure  to  the  air  produces  the 
desii-ed  degree  of  browning.  The  operation  is  quick- 
ened by  rubbing  in  a  little  nitric  acid  after  the 
antimony  has  been  applied.  The  barrel  is  then  care- 
fully cleaned,  washed  with  water,  dried  and  polished 
either  by  a  steel  bm-nisher,  or  rubbed  with  wliitc 
was,  or  varnished  with  a  solution  of  2  oz.  of  shell- 
lac  and  3  drachms  of  dragon's  blood  in  2  quarts  of 
spirit  of  wine. 

The  finest  kind  of  browning  is  the  Damascus,  in 
which  dark  and  bright  lines  run  through  the  brown 
ground.  To  produce  this,  the  barrel  is  rubbed  over 
with  very  dilute  aquafortis  and  vinegar,  mixed  with 
a  solution  of  sulphate  of  copper.  It  is  then  washed 
and  dried  and  rubbed  with  a  hard  brush  to  remove 
any  scales  of  copper. 

The  reader  interested  in  the  subject  of  Bronzing 
win  find  a  vast  number  of  recipes  scattered  through 
different  works  on  Metallurgy  and  the  Fine  Arts,  &c. 
He  must  be  cautious  in  compounding  the  ingredients, 
for  some  of  the  mixtures  throw  off  fumes  which  are 
dangerous  if  inhaled,  and  others  will  coiTode  ordinary 
vessels.  Indeed,  it  is  generally  dangerous  for  an 
amateur  to  concoct  the  recipes  which  he  finds  in 
books  unless  he  be  a  tolerable  chemist. 

BRUSH.  An  assemblage  of  hairs,  hogs'  bristles, 
strips  of  whalebone,  vegetable  filaments,  &c.,  fastened 
together  in  a  handle,  or  in  holes  drilled  for  the  purpose 
in  a  stock  of  wood  or  bone.  Brushes  may  be  round, 
flat,  or  square ;  and  they  are  named  according  to  the 
uses  to  which  they  are  applied.  The  smallest  kind 
of  brush,  such  as  is  used  in  water-colour  drawing,  is 
called  a  hair  pencil,  and  the  hair  employed  may  be 
that  of  the  camel,  the  badger,  the  squirrel,  the  goat, 
aud  some  other  animals.  Hair  pencils  are  made  by  col- 
lectiug  a  small  tuft  or  bundle  of  hairs,  with  the  points 
all  m  one  direction,  and  binding  the  root  ends  firmly 
together  vrith  strong  tlu-ead.  The  points  being  tem 
porarUy  secm-ed,  the  tuft  is  put  into  the  wide  end  of 
a  piece  of  quill  tube,  previously  softened  and  made 
phahle  by  wetting,  and  is  passed  down  the  tube 
nntd  the  points  project  at  the  small  end,  the  superior 
thickness  of  the  roots  and  the  binduig-thread  pre- 
venting the  tuft  from  passing  completely  through; 
and  the  tube,  in  di7ing,  contracts,  and  holds  the  tuft 
securely.  The  broad  end  of  the  quUl  forms  a  socket 
for  the  reception  of  a  stick  of  cedar-wood.  Some 
care  is  required  in  making  hair  pencils,  for  if  the  tuft 
be  not  properly  put  together,  or  if  pinched  too  tightly, 


tidier  by  the  thread  or  by  the  contraction  of  the  quiU, 
the  hairs  will  spread  out  instead  of  forming  a  fine 
point,  which  they  ought  to  do  when  wetted.  Hail- 
pencils  are  made  of  various  sizes,  from  that  of  a  small 
crow  or  pigeon  qmll  to  the  largest  goose,  turkey, 
or  swan  quill ;  and  when  larger  than  these  arc 
required,  tiu-idate  tubes  are  used,  with  the  handle  or 
stick  firmly  secured  therein.  The  aucients  had  pencils 
made  of  small  pieces  of  sponge,  whence  the  story  of 
the  painter  who,  not  being  able  to  express  the  foam 
of  a  horse,  succeeded  by  throwing  "the  sponge"  at 
the  picture. 

Bristles,  however,  form  by  far  the  chief  article  in 
(he  manufacture  of  brushes  ;  and  the  consumption  is 
so  vast  as  to  give  rise  to  a  very  important  commerce 
m  this  article.  They  form  the  strong  glossy  hairs 
growing  on  the  back  of  the  hog  and  wild  boar.  Russia 
is  the  great  mart  for  bristles,  those  of  the  T'i.i  linc 
being  most  esteemed.  The  (otal  quantitii;;  •(''■■  .  '  '^ 
imported  into  the  United  Kingdom  durin-  '■  - 

1S58, 1859,  and  1860  were,  2,055,590  lbs.,"  :.\,  r,' ^m:;^' 
lbs.,  and  2,534,207  lbs.  respectively.  The  great  bulk 
is  furnished  by  Russia ;  Prussia  (Konigsberg)  supplies 
about  130,000  lbs.,  and  other  parts  of  Germany  a  similar 
quantity.  The  duty,  which  varied  from  2i.  6d.  on  rough 
to  3*.  per  ewt.  on  sorted  bristles,  produced,  in  lS4i, 
21,100/.  17s.  Ud.  nett.  Bristles  have  been  free  of  duty 
ever  since  the  19th  March,  1845,  in  which  year  the 
number  of  pounds  imported  amounted  to  2,412,207. 

A  considerable  quantity  of  bristles  is  :dso  imported 
from  Prance.  These  are  of  various  coloui-s  ;  but  that 
which  is  called  the  lily,  on  account  of  its  siherv  white 
appearance,  is  most  esteemed.  Ii  i  ii->  '  .',..,■■':.  I'm- 
shaving-brushes,  tooth-brushes,  aiii I  n- 

tious  of  haii'-brushes.  The  thick i  i-i.  :.  .  ihr 
most  viduable,  and  the  price  diiiiim^hwa  unh  iheir 

Bristles,  as  taken  from  the  animal,  are  of  various 
coloui-s  intermixed;  but,  bcforf  being  used,  and 
sometmies  bif.iir  1,.  iuj'  iii,..ri  iL  tl*  v  are  sorted 
by   hand   im  .  ,  and  lilies, 

the  last  varii  :  p.,    ;_',    '        \  :  ■ ;  i  lullc  of  any 

of  the  other  \:irnnr,  ^jvmially  !miiI;,i;i-  many  shades 
of  colour,  which  arc  carefully  intermixed  when  it  is 
intended  to  use  them  together.  The  bristles  being 
sorted  into  different  colours,  they  are  next  sorted  into 
different  sizes  by  a  process  called  dressing  ;  for  which 
purpose  a  number  of  combs,  called  ent/ines.  Figs.  365, 
3GG,  formed  by  tlu-usting  the  heads  of  needles,  of  various 


sizes,  and  at  various  distances  apart,  into  blocks  of 
wood,  are  set  up  on  a  bench  before  the  workmen,  six 
or  eight  of  these  combs  being  commonly  used.  He 
then  takes  a  bundle  of  bristles,  weighing  from  |  lb. 
to  4  lbs.,  and  opening  the  bundle,  strikes  the  bristles 
upon   the  first   or  widest   comb,   and   draws   them 


througn.  By  repeating  tliis  operation  several  times 
the  largest  and  stoutest  bristles  arc  retained  between 
the  teeth  of  the  first  comb.  He  then  passes  on  to 
ike  manner,  retains  those 
laller  than  the  fh-st ;  and 
in  this  way  he  proceeds  untd  the  whole  bundle  is 
M,:ii:^.l  iiii  I  ii^  !!i;.  >'i  u'l'ecs  of  fineness  as  there 
I  hairs  are,  for  the  finest 

,  _  .  Ii  :  :  i,  .  .11  the  different  shades  oi 
e  .'.  ,;  eiillrei.il  ,ii;  .  M  ,,:iiate  heaps,  care  being  taken 
in  all  these  operations  to  keep  the  root  ends  together. 

The  simplest  form  of  brush  is  that  denominated  a 
tool.  It  is  of  various  sizes  and  forms,  the  cyUndi-ical 
and  the  flat  being  most  common.  In  the  larger 
bristle-tools,  used  in  house-painting,  the  bristles  are 
taken  of  the  whole  length,  and  are  tied  fii-mly  to 
ilic  end  of  a  wooden  sti(_-k  or  handle,  cut  into  a  forked 
■'  ;«■  'I'iir  liiiaillc  i'f  ii;i  lies  bcuig  inserted  between 
1  ^  ,  i^  secured  by  twine,  and 

.  e  :i ting  of  glue,  mixed  with 
le!  1;  :■  i,  ;.i  11  II  I  .■  II  I  -  solul)le.  In  another  kind 
of  brush,  the  handle,  instead  of  containing  the  tuft, 
as  in  the  above  example,  is  inserted  into  the  tuft,  as 
in  the  large  jiainting  and  dusting  brushes,  used  by 
!  •:  y^ii^'rr  The  bristles  are  first  wTappcd  round 
i'  :,  i".  I  II  '  III'  the  conical  wooden  handle,  and, 
II     I     :  I  lire d,  arc  placed  in  a  thin  hoUow 

11  a  11  >  !:,  I  .  ,  1  lated  m  the  centre  for  the  handle  to 
pass  through,  and  forming  around  this  hole  a  sort  ol 
cup  for  the  bristles  :  the  handle  is  then  driven  in  with 
considerable  force,  so  that  the  thick  cud  is  held  firmly 
in  the  centre,  as  a  sort  of  c( 
bristles  tightly  against  tlie 
them  securely. 

Stock-brushes,  used  as  whitewasl 
brashes,  consist  (if  Iv. o  ,  ■,.  i  ,' 
placed  side  by  side,  ;.  I  i  i  1 
edge  of  a  flat  stor:.  •  \  \  i  1  i 
divided  into  two  scmi-ii  liuli  I'nl  i"- 
edge  of  the  stock  between  theai. 

The  commonest  form  of  brush  o 
formed  by  the  insertion  of  a  number  of  tufts  or  knots 
of  bristles  into  holes  drilled  in  a  stock  of  wood. 
There  are  two  methods  of  doing  this,  the  first  and 
simplest  of  which  applies  chiefly  to  the  making 
of  brooms.  The  heads  or  stocks  are  bored  to 
a  sufficient  depth  by  means  of  the  boring  bit  and 
brace,  and  where  the  bristles  are  intended  to  spread 
out  obliquely,  the  holes  are  bored  to  the  proper  angle. 
In  many  cases,  however,  the  stock  is  formed  with  a 
cm-ved  face,  so  as  to  give  the  proper  spread  or  sjihn/ 
to  the  brush.  The  tufts  are  inserted  by  what  is 
called  pan  or  scl-work.  Thi-ee  or  four  men,  seated 
round  a  small  charcoal  stove,  containing  a  pan,  about 
three  inches  deep,  of  melted  pitch,  Fig.  367,  proceed 
in  the  followuig  manner.  Each  man  takes  up  a 
nrunber   of   bristles    sufficient   for  one   knot,    and 


1  and  distemper 
lineal  brushes, 
Mlely  upon  the 
a  brush  being 
I  i'liis  by  the  thin 

r  haii--broom'  is 


boaid  01  smooth  stoue  until  I 
.jiilu  ,  thtu,  liolJiuj  tlicm  ' 
,hlK  11.  11  the  111  lb  \\liich  die  j 
K  iiisiitil  he  dipb  thtbe 
K  ml     tl     1  I  'i    iiid,  takiug 

oiie  of  the  tdgcb  of  metal  seen 
ill  the  pan,  by  which  means  he  | 
removes   the  supeifluous  piteh,  ' 
and  dines  a  poition  of  it  into 
the  mteiioi  of  the  mass    He  nc\t 
quiekly  fakes  a  thum  of  stun, 
a  few  inches  long,  and  wmdb  it 
lound  tlie  pitched  ends  of  tl 
biisi!cs,Fig  36S,dipsitagainii 
thi  pitch,  indmimodiatelymst 
the  block,  Fig  369,  with  a  twibln 
soit  of  motion      The  pitch  aim    i 
immediately  sets,  and  holdb  tl 
knot  so  seem  cl^  that  it  is  mip 
sible  to  pull  it  out  by  hand    Lou^ 
brooms,  bannister-brushes,  hearth- 
brushes,  dusting-bi-ushes,  (techui- 
caUy  called  set  dusters,  to  distiu- 
guisbthemfrompauiters' dusters,) 
are  made  by  this  process,  the 
mmonly  of  the  whole  length.     In 
constat  heartb-brusli,  the  bristles 
.  case,  and,  by  the  action  of  pulling 
tube,  the  bristles  ai-e  protruded ;  the  object  being 
to  conceal  them  from  the  eye  when  the  brush  is  not 
in  use.     The  bandle  and  tube  ai-e  made  ornamental, 
and  the  bristles,  bemg  out  of  sight,  do  not  offend  the 
soil  the  wall  near  which  they  are  hanging. 

:;  on  colour,  for  dusting  or 
>    -  force  than  those  used 


to  be  djilled  All,  theiefoie,  that  the  man  has  io  do, 
lb  to  pisb  the  diill  thiough  the  holeb  of  the  pattern 
into  the  bodid  ittiohed  to  if  It  the  bo-ud  have 
buellcd  td^es,  mwhiehthc  bii^tks  aie  inserted  m 


bristles  beinj 
Thomason's  : 
are  concealed 


Brushc; 


.iscd  fur  layiii 


,  .!>  the  term  is  commonly 
li.aclness  or  stiffness  of  a 
^ii^-  up  each  tuft  of  bristles, 
so  that  each  bristle  may  present  its  two  ends  upwards ; 
and  these  being  cut  square  and  even,  a  hard  sui-face 
is  presented,  especially  when  this  doubling  is  per- 
formed near  the  root  ends,  which  are  much  stronger 
and  more  durable  than  the /ay  or  taper  ends  of  the 
bristles. 

The  stocks,  or  brush-boards,  are  made  of  almost 
every  description  of  wood;  birch,  beech,  oak,  and 
chestnut  being  most  common;  while  for  the  best 
brushes  satin  and  rose-wood  are  used.  These  boards 
are  supplied  by  the  timber  merchant  of  the  requisite 
thickness  either  for  driUiug  or  for  veneering.     The 

boards  are  economically  cut, 

n  Kg.  370,  so  as  to  get 
two  brushes   out  of   each 
board.     The  drilling  is  pf 
formed  in  a  smaU  lathe, 
which  the  driU  projects  ir 
direct  line  from  the  opcrati 
as  in  Fig.  371;  and,  in  order 
to  bore  the  holes  correctly,  a  scale,  or  pattern-board, 
ready  drilled,  (thousands  of  these  scales  being  kept 
on  hand,)  is  attached  by  clamps  to  the  board  which  is 


Fig  371  ,11     VEDS 

an  obHque  position,  a  leadm  p.itteni  or  scale  is 
used :  this  can  be  bent  to  any  degree  of  t/jrcc/c?  tliat 
may  be  required.  In  some  eases,  the  holes  are 
drilled  not  entiiely  through  the  board,  but  only  as 
far  as  the  tuft  is  intended  to  go;  after  which,  a 
small  tool,  called  a  lore-through  bit,  is  fixed  in  the 
lathe,  and  with  this  smaller  holes  aie  drilled  through 
the  stock,  in  continuation  of  the  laigcr  holes.  After 
the  drilling,  the  boards  are  cleaned  off  with  a  plane, 
to  make  the  holes  smooth,  and  in  some  kinds  of  brush 
the  face  is  French-polished. 

Then  ccmes  the  operation  of  drawing,  which  era- 
ploys  by  far  the  larger  number  of  hands  in  the  trade. 
This  is  generally  done  by  females,  who  are  seated 
round  a  table,  each  with  a  lapfid  of  bristles  (Fig. 
372).  Each  woman  places  a  drilled  slock  in  a  hold- 
fast secured  to  the  table,  and  passing  the  loop  or  bite 
of  a  thin  flexible  brass  wire  through  a  hole  at  the 
end  of  the  first  row,  takes  up  a  niunber  of  bristles 
sufficient  to  half  fill  the  hole,  if  inserted  ui  lengths, 
and  passes  through  the  wire  loop  a  portion  of  the 
root  ends  of  this  tuft,  previously  made  to  lie  square  and 
even  by  adjusting  them  between  the  finger  and  thumb, 
and  trimming  the  tuft  by  pulling  out  stray  bristles. 
She  then  pulls  the  wii-e  fii-mly,  the  effect  of  which  is 
to  double  up  the  tuft,  and  to  puU  the  part  thus 
doubled  mto  the  hole  as  far  as  it  wiU  go,  until  it  is 
stopped  by  the  resistance  of  the  wood,  or  by  the 
shoulder  formed  by  the  termination  of  the  larger 
bore  and  the  commencement  of  the  smaller  one.  Then, 
bending  the  wire  again  into  a  loop,  it  is  passed  through 
the  next  hole,  and  another  tuft  of  bristles  being 
inserted,  the  loop  is  drawn  as  before.  In  this  way 
the  drawing  proceeds,  until  a  complete  row  is  formed, 


wneii  a  imu  tikes  the  stock,  uiJ  cuts  ofi  the  ends  rf 
Ihp  ro  \  \Mlh  Me  11"!,  lo%\hich  a  giugc  is  ittached. 
for  re^'iilit  iig  the  piLci  c  Iciiglh  of  tho  tufts  which 
are  to  be  Icll     It  the  biush  is  to  be  ^hit  i,  c lUed  a 


SH.  357 

o^  d  hiush  iftci  di  iwm-  II3  37o  the  ficc  of  a 
biush  \\\[h  tlie  hciil  hlled  m  with  b!  ick  biist.es, 
suiroundcd  by  a  boidci  of  nlute  bustks  T  i^'  iTd 
IS  the  sime  iltei  it  his  been  cut  and  tiuislicd  A 
skdfid  diainci  will  dii\i  500  tutts  an  houi ,  liut  imny 
diaweis  do  not  iccoinphsli  nioic  than  100  A  biush 
may  be  didled  \Mth  a  mmibci  of  boles  \ aiding  fiom 
100  to  SOO 

The  dia^Mugwucs  it  the  bicL  of  the  -.tock,  Fig 
373,  -lie  co\eied  ovei  wilh  ^eiiecis,  not  ouly  foi  the 
<.dve  of  appeuiurc  1  ut  iK)  ti  iic\uit  tlio  -nucs 
iiom  huitiu^   tl      '      1     1  1I      1       li       In 

■-piubbmg  11  1  11    the 


-lie  held  so  t,o 

hth  t 

hit  11 

1  \> 

illu 

^i\t  «  ij,  unless 

the  biush  be 

■illowcd  to  f, 

ot  \ 

.yd 

y,  lu  which  CISC 

the  shrinking 

imsei 

sthe 

tufts 

tlipyhll  out  with 

the  ^^cu      The 

1  -jp 

1  by  the  bcivci 

hitnnkei  u 

jljiii^  biush,  but 

tie  bustles 

1 

iistcid   ot   wue, 

^hlch^^ouldl 

I 

t 

cidhquoiof  the 

/  biush,  the  bustks  ire  cut  of  uiweii 
riliPuMse  they  are  1  educed  to  the  same 
lf\el  It  the  Ijustlcs  hive  been  piopeily  diiwii, 
little  ri  11  tliiiiT  is  tikeu  off  the  root  ends,  but  the 
pieces  cut  tl  tiuiii  the  flig  ends  iie  often  sulTicient 
to  fouu  fiesh  seues  of  tufts  lor  mfeuoi  blushes  or 
thry  lie  \^nIked  up  in  a  low  of  tufts  lUst  \uthin  the 
edge  ol  the  biu  h,  flh=ic,  hiMUg  the  hent  01  cciitie 
of  the  brush  on  one  side,  md  the  outeimost  low  of 
tufts  ou  the  othei  side,  to  piotect  them,  they  aie  less 
exposed  to  wear  It  the  bustles  aie  not  vciy  Ion,' 
the  diiwmg  is  eoutmucd  \Mtliout  mtcruiption  until 
the  stock  IS  lidl  the  pu  jc  ctmg  ends  ire  then  tii  n  ii(  d 
bj  h  aid     The  IoUjmu^  0,'  ncs  icpiescnt  b  nshes  in 


I  1  he  /eneei  is  ipilied  to  the  bick  of  the  biush  by 
lioldmg  both  befoie  the  lie  then  eovcimg  them  with 
a  hyei  of  glue,  md  ipplvmg  the  glued  suifaces 
togethei      Ihey  aie  inseited  between  the  jiws  of  a 

'  uumLpr  of  held  fists,  (one  of  which  is  sho-s^u  in  Tig 
377  )  ind  these  being  sciCMed  ud  tightly,  the  \eiicer 
in  diyiug  bpcomes  fiunly  itticned  to  the  back  of  the 
biush  Li  some  ciscs,  1  ni  nibci  of  thin  veneeis  (fiom 
t-no  to  si\)  of  diffeient  coloured  -noods,  iie  glued  to 

'  the  biek,  md  m  sh  piiig  the  biush,  these  are  cut 
obhquely,  so  thit  then  elnnifeied  edges  pieacnt  a 
numbci  of  hues  oi  difteiciit  eoloms 

Duuiig  ill  these  opeiitions  the  foun  of  the  biu«h 
IS  snnilu  to  one  of  the  thicc  Figs  374,  375,  01  ^76 


unrimshed  states      Tis  373  is  the  b  lek  of 
1,  dulled  and  diawn     lig  371  is  the  f  ice  of  i 


cn 


It  1=  now  to  be  induced  to  shipp,  which  is  done  by 
iiipins  of  the  spoke  shi\e,  lig  370,  -nd  the  scnpci, 
Tl'  37s  TTlicn  leduced  to  the  piopcr  foim,  it  is 
nibbed  o\ci  with  sind  papei  md  varnished 

DiiNTO  blushes  include  Inu  biushps,  ■jpuibbmg 
blushes,  shoe  b  ushes,  clo'hcs  brushes,  i.c  ie  Also 
tooth  and  nail  blushes ,  but  fiom  then  sm  ill  size,  and 
gicatei  neatness  of  work,  these  littei  foun  a  distinct 
bunch  of  the  tiide  In  these,  the  bustles  1  e  diiwn 
witha  veiy  thm  wne  (sonietimes  of  sihei),  "^unk  in 
i^  I  niiiow  groo\cs  m  the  biek,  ■nhieli  lie  iftci«iids 
«ht  j  filled  up  -n  ith  1  bird  red  cement  The  best  sort  of 
"»''  blushes  aie  trepan  led  tint  is  the  dnwinghole=, 
'""'  '  instead  of  being  pierced  completel    thiough  the  back. 
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Kre  formed  in  the  following  manner.  A  number  of 
tunnels  are  di'illed  through  the  thickness  of  the  bone, 
cither  at  the  side  or  at  the  end ;  then  a  number  of 
holes,  coiTesponding  with  the  number  of  tufts  of 
bristles,  are  drilled  in  the  face  of  the  bone  down 
into  these  tunnels ;  the  tufts  are  then  drawn  with 
strong  thread  or  silk,  instead  of  wire,  and  lastly, 
the  small  lateral  holes  are  plugged  up  with  small 
pieces  of  bone  or  ivory,  and  the  whole  is  smoothed 
and  polished. 

Brushes  for  cleaning  bottles  are  formed  by  inserting 
a  number  of  tufts  of  bristles  between  two  or  thi-ee 
parallel  wires,  at  right  angles  to  their  length.  Then, 
by  twisting  the  wires  together,  the  tufts  are  made  to 
radiate  around  the  central  axis.  Soft  brushes,  such 
as  hat-brushes,  arc  formed  of  horse-hair  or  goats'- 
hau-.  Some  kinds  of  hard  brushes  are  formed  of  strips 
of  whalebone.  The  whalebone  is  boiled  or  steeped  in 
water  uutH  it  has  become  soft  and  flexible,  so  as  to 
admit  of  being  cut  with  a  sharp  instrument  into  thin 
shavings,  which  arc  split  by  a  number  of  lances  fised 
in  a  handle.  They  are  first  cut  into  lengths  of  9,  12, 
or  18  inches :  the  strips  are  then  dried,  and  are  used 
in  the  same  manner  as  natural  bristles.  Coarse 
brooms,  for  stable  and  out-door  use,  are  commonly 
made  of  bass,  a  hard,  tough,  dark-coloured  vegetable 
fibre :  birch  and  heath  are  also  used.  Wisk  is  a  light- 
eolom-ed  vegetable  fibre,  used  chiefly  for  carpet- 
brooms  :  and  the  finest  variety  is  used  in  making 
brushes  for  cleaning  velvet. 

In  1830,  Mr.  Mason  took  out  a  patent  for  fixing 
the  knots  or  tufts  of  brushes  in  dovetailed  grooves 
formed  in  the  stock,  in  order  to  supersede  the  slow 
process  of  drawing.  Mr.  Hancock  has  also  a  patent 
fQr  the  manufactui-e  of  brushes  with  flexible  backs,  in 
which  the  tufts  are  attached  to  yielding  backs  of 
leather.' 

The  Rev.  Gilbert  White,  in  his  "Natural  History 
of  Selborne,"  mentions  "  a  pretty  imiilement  of  house- 
wifery," which  he  had  not  seen  anywhere  else :  "  That 
is,  little  neat  besoms,  which  our  foresters  make  fi-om 
the  stalks  of  the  folyincum  commune,  or  great  golden 
maiden-hail-,  which  they  call  sUk-wood,  and  find  plenty 
in  the  bogs.  When  this  moss  is  weU  combed  and 
di-essed,  and  divested  of  its  outer  skin,  it  becomes  of 
a  beautiful  bright  chestnut  colour;  and  beuig  soft 
and  pliant,  is  very  proper  for  the  dusting  of  beds, 
ciiii:i!ii  , .  ,,i|n  li  ,n.;ings,  &o.  If  these  besoms  were 
kii>'     I   ■  '   i'  ! 'lakcrs  in  town,  it  is  probable 

til',       -      ■  ah  in  use  for  the  pui-pose  above 

BUDE  LIGHT,  see  Gas. 

BUilL-WOUK,  or  bool-toork;  a  term  probably 
corrupted  from  Bottle,  and  applied  to  any  two  mate- 
rials of  constrasted  colours,  inlaid  with  the  saw.  In 
France,  the  general  term,  marqueterie,  is  applied  to 
such  works,  and  to  all  kinds  of  iulaid  work ;  and  it 
is  distinguished  into  marqueterie  en  hois  and  marqueterie 
en  metal.  It  consists  in  representing  flowers,  animals, 


landscapes,  and  other  objects,  in  their  proper  tints, 
by  inlaying,  without  the  aid  of  the  artist's  pencil :  it 
also  includes  those  geometrical  patterns  composed  of 
angular  pieces  laid  down  in  succession,  after  the 
manner  of  ordinary  veneering,  and  to  which  the 
specimens  oi  parquetage  or  inlaid  floors  belong.  But 
the  terms.  Buhl-work  and  Beisner-work,  appear  to 
have  originated  in  the  names  of  the  origmal  in- 
ventors, two  celebrated  cbhistes,  named  Boule  and 
Reisner — the  one  an  Italian,  and  the  other  a  German. 
The  former  settled  in  France  in  the  reign  of  Louis 
XIV.,  and  the  latter  in  the  time  of  Louis  XIV.  to  XV. 
Their  cabinet  works  were  as  much  celebrated  for 
their  graceful  forms  as  for  then-  embellishment  with 
rulaying.  Boule  chiefly  employed  dark-coloui-ed 
tortoise-shell,  inlaid  with  brass  in  flowing  patterns, 
sometimes  ornamented  by  the  use  of  the  graver. 
Reisner  used  principally  as  the  ground  tulip-wood, 
{bois  de  rose,)  inlaid  with  flowers  in  dark  woods.  He 
also  oeeasiontilly  combined  therewith  bands  and  mar- 
gins, in  which  the  woods  were  contrasted  as  to  the 
direction  of  the  grain,  as  well  as  colour. 

In  buhl-work,  as  now  constructed,  the  patterns 
generally  consist  of  continuous  lines,  as  in  I  he  honey- 
suckle ornament.  To  form  this,  two  pieces  of  veneer, 
of  equal  size,  such  as  ebony  and  holly,  are  scraped 
evenly  on  both  sides,  and  glued  together,  with  a  piece 
of  paper  between.  A  piece  of  paper  is  also  glued 
outside  one  of  the  veneers,  and  on  this  the  design  is 
sketched :  a  small  hole  is  then  made  for  the  introduc- 
tion of  the  saw,  in  a  place  where  the  hole  will  not  be 
noticed  in  the  pattern. 

The  saws  used  in  piercing  and  inlaying  differ  but 
in  size.    The  thin  black  line.  Fig.  381,  is  the  piercing- 


Fig.SiO.  Fig.  3S1. 

saw,  attached  to  its  handle  and  frame,  m,  and  the 
dotted  luie,  w,  is  the  wooden  frame  of  an  ordinary 
buhlsaw:  the  former  measures  8  inches  from  the 
blade  to  the  frame ;  the  latter  12  or  20  inches,  to 
avoid  the  angles  of  large  works.  The  wooden  frames 
are  made  of  three  pieces  of  wood,  halved  and  glued 
together,  to  form  the  three  sides  of  a  rectangle ;  after 
which,  two  pieces  are  glued  upon  each  side,  at  an 
angle  of  45°,  across  the  corners :   the  whole,  when 
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thorouglily  dry,  is  cut  round  to  the  form  represented 
iu  rig.  3S1. 

The  buld-cultcr  si(-;  aslride  a  lior:,c,  or  long  narrow 
stnol,  Fig.  3S0,  :i!  '  ..  <M:-:i:'i  >('  wliicli  are  two 
vertical  jaws,  liiud  ■■  :      hjp  :  one  jaw  is 

llxcd;  tlie  other  i     i  :   1.  i id  springs  open 

whca  left  to  itself,  !■  ii  i  r'  ,  ,  ,,  ,.(rut,  which  is 
loosely  attached  lo  the  slool  l)y  a  tcuou  and  mortice, 
and  rests  hx  a  groove  in  tlie  movable  jaw.  Wlieii 
tlie  strut  is  pulled  downwards  by  a  string  leading  to 
(he  treadle,  it  closes  the  flexible  jaw  of  the  vice.  The 
jaws  are  inclined  some  20°,  so  as  to  be  at  right  angles 
to  the  path  of  the  worbnan's  right  hand. 

Matters  being  thus  arranged,  Die  buhl-cutler  inserts 
the  saw  into  the  hole  in  the  vr;  .vi.,  ;,inl  tlnu  llx  ■, 

hand,  is  placed  in  the  vice,  «'i  .     ii   I 

of  the  foot,  and  tlie  saw  is  ,i;i:i-i"  i  ;  i  '^f  ■ '-;  i'.i:i  I 
with  the  forefinger  extciidixl,  to  support  and  guide 
the  frame.  "  The  several  lines  of  the  work  are  now 
followed  by  short  quick  strokes  of  the  saw,  the  liladc 
of  which  is  always  horizontal;  but  the  frame  and 
work  are  rapidly  twisted  about  at  all  angles,  to  place 
llic  saw  in  the  direction  of  the  several  lines.  Coiv 
sidcrable  art  is  required  in  designing  and  sawing 
these  ornaments,  so  that  thr  -:'.v  i  :iy  r,,:i!:ar  to 
ramble  uninterruptedly  thiv/.iL'    ^':-     :  ',|.,lr 

(he  position  of  the  work   i-  jiod 

about  iu  the  vice,  with  thatwhali  1;^-  i  ~  t<  be  a 
strange  and  perplexing  restlessness.  AVhcu  the 
sawing  is  completed,  the  several  parts  are  laid  flat  on 
a  table,  and  any  removed  pieces  are  replaced.  The 
entire  work  is  then  pressed  down  with  the  hand ;  the 
holly  is  stripped  off  in  one  layer  with  a  painter's 
palette  knife,  which  splits  the  paper,  and  the  layer 
of  holly  is  laid  on  (lie  tabic  with  the  paper  down- 
wards, or -nithout  lii  n;- iinartdl.  The  honeysuckle 
is  now  pushed  ou I   •  i;..i,;\v     :,  iiic  end  of  the 

seriber,  and  any  inii         ,     >  ,. irked  out  with 

the  moistened  fiiigii  .  tl/  <  ;:  ,,  ,  hiid  aside.  The 
cavity  thus  produced  iu  the  clwuy  is  now  eutii-cly 
filled  up  with  the  honeysuckle  of  holly,  and  a  piece  of 
paper,  smeared  with  thick  glue,  is  rubbed  on  the 
two,  to  retain  them  in  contact.  They  are  immediately 
turned  over,  and  the  toothings  or  fme  dust  of  the 
ebony  are  nibbed  iu,  to  iiU  uj)  the  interstices :  a  little 
thick  glue  is  then  applied,  and  nibbed  ia  fii-st  with 
the  finger,  and  then  with  the  pane  of  the  hammer, 
after  which  the  work  is  laid  aside  to  dry."  '  When 
dry,  it  is  scraped  at  the  bottom,  and  is  then  ready  to 
he  glued  to  the  box  or  fiu-nitnre  to  wliich  it  is  to  be 
applied :  when  the  work  is  again  dry,  it  Is  scraped 
and  polished.  The  same  course  is  pursued  in  com- 
bining the  lioUy  ground  and  the  ebony  honeysuckle, 
and  these  form  the  counter  or  counteriutrt  huhl,  iu 
which  the  pattern  is  the  same,  but  the  colours  are 
reversed. 

Three  thiehicsses  of  wood,  such  as  rosewood, 
mahogany,  and  satin-wood,  may  be  glued  together  and 
cut  as  before.     The  three  thicknesses,  when  split 


■isuudei  and  lecombmed,  woidd  produce  three  pieceb 
of  buhl  woik,  the  grounds  of  ^^hl(.h  ^^ould  be  of  rose- 
wood,  mdii)j;un,    ml  <;  tin  \       1    \\\\\\  the  houey- 


slips  11r  tiuL  buhl,  m  th,  ^^ood  ^  ouu  1  «ithbi  i-,s 
scrolls,  is  1  ud  down  m  fom  01  raoic  pieces  around  one 
box  or  panel,  and  the  countci,  01  the  biass  ground 
\\\iW  wood  swells,  upon  anothci 

When  the  mateiial  is  small  and  eostlv,  as  pciil 
shell,  seveial  pieces  must  be  used  these  aie  pi  iced 
coiicetly  edge  to  edge,  so  as  to  co\ci  the  enfue 
,  fa.   t     b.  .unnieiif    1     Ihe  1  4  . 1  kmie,  a  ]  oition 


of  prarl-shell.  The  couuler,  when  glued  on  auothcr 
veneer,  is  not  inlaid  of  the  irregular  angular  form  of 
the  rough  pieces  of  pearl,  but  is  cut  roimd  the  general 
margin  of  the  pattern,  as  in  that  portion  of  Fig.  383 
wliicb  represents  the  counter  to  Fig.  383. 

A  more  elaborate  cITect  is  produced  by  making  the 
saw  foUow  all  the  device  of  the  comiter,  so  as  to 
leave  a  narrow  liue  of  pearl  both  within  and  without : 
this  is  called  internal  cutting,  and  is  shown  to 
the  right  of  Fig.  383. 

In  the  more  minute  buld-works,  the  parts  are  not 
cut  exactly  square,  but  sh'ghtly  bevelled,  so  that  the 
pearl  may  be  left  a  Kttle  larger  than  the  interstices 
of  the  wood,  to  compensate  for  the  saw  kerf,  and  to 
make  the  fitting  close,  as  regards  the  tmc  buhl.  The 
strinrjings,  or  the  straight  and  circular  lines  combined 
with  pearl  buhl-work,  arc  mostly  of  white  metal, 
such  as  tm  or  pewter.  Buhl-works  of  brass  and 
wood  arc  also  sometimes  made  by  stamping,  instead 
ofs;,«M,,         •-..    Ai.i.M.lx.] 

I'.l  I  1 .1  M  ,'  ,  \  ii  which  includes  the  practice 
of  ii\  <  i    Ihe  meehaiucal  operations 

necc-si,  .  I"  I  I  .  i!,i  ihsigus  of  the  architect  into 
effect.  •■  The  execution  of  works  of  architecture 
necessarily  includes  building;  but  building  is  fre- 
quently employed  when  the  result  is  not  architecture: 
a  man  may  be  a  competent  builder  without  being 
an  architect ;  but  no  one  can  profess  himself  a  com- 
plete architect  unless  he  be  competent  to  specify  and 
dii-oct  all  the  operations  of  builduig.  A  scientific 
knowledge  of  the  priuciples  of  masonry,  carpentry, 
joinery,  &c.,  and  of  the  qualities,  strength  and  resist- 
of  materials,  though  of  the  utmost  importance 
to  an  architect,  is  not  suflicient  of  itself,  without 


d,-If 


of  c 


[UHmtince  with  a  gicat  \a.iety  of  less  [ 
tuls  Such  aio  those  which  relate  to 
Lut  of  1  1)1  lu  loi  the  s,\  itcbt  possible 
uemcnic  on  the  sui  ,lk,t  sp-ice  iiid  at 


the 


ol 


t  e\pci 


led,  or  m  vauous  stupes  and  pattemb 
he  best  colou,  for  in  some  states  ot  the 
black  and  -nlulL  buoys  become  indistinct 
uo\  his  its  apc\  duwn\.  aids,  and  ib  pamtH 


gioi 


uid  fuuiiitiiu  ni  iu 
imt  and  co'i^tiuction  of  diaius,  scwcis  anl 
,  the  'vaneties  of  walhng  with   stone  lUd 
1^  bucks  m  buek-'noik,  the  mciit  ot  th"  | 
ui)U5    modes   of    bondnig   and  tying  walla   ■with  I 
luibci  and  olheiwise,  the  auaugement  of  guttLu 
m  loofs,  to  got  sufficient  fall  and  to  lead  the  \i  itti 
o  the  lei'^t  lueomement  places  foi  placing  ti'unks  to 
'un    it  do\^n,  the  auangcmcut  and  toimation  o 
lues  ,  tin  pi   li  cti    1  of  walls  fiom  damp',  of  tii  ibtr 
Kim    111(11  tun     anl    stagnant    an,   and   of    metab 


V  fiom 


<  f  matcu  lis 


1  all  the 


ani  labc 

pioducc  ceifam  cff. 
impoitant  to  bo  pi 

modes  of  opciation  lu  ill         n  iN  icquiicd 

ni  building  r\  en  thing  must  be  cltail^  undeistood, 
111  it  Mill  ht  II  ipiissible  piopeily  to  specify  befoie- 
h  ind,  m  dit  id,  e\Liy  thmg  and  c\eiy  opciation  to 
lie  done  and  perfouncd,  and  minutely  to  estimate 
beforehand  also  the  absolute  cost  imohcd  m  the 
execution  of  a  proposed  stiuctuie  The  powei  to 
do  the  laltci  neeessaidy  miohcs  that  of  measurmg 
Mink  and  a-^ceitaiiimg  cpiantities  aftei  it  is  done 
Ihesr  thing's  may  ceitauily  be  lefeued  to  the  sur- 
M\  1  01  measuiei,  but  they  aie  not  the  less  in 
cuiiibi  nt  on  the  architect,  who  cannot  be  said  to  be 
thoioughlr  mastci  ol  building,  oi  the  piaetice  of  his 
profession,  unless    he  be  skilled    in    these    open- 

Ibe  foregoing  enumerption  of  the  duties  of  the 
aiehilcct,  (fiom  an  excellent  aitiele  on  building  by 
Piolissii  Iloskmg,  in  the  Eucyclopa?dia  Biitannica), 
intliidcs  ncaily  all  the  pioees'^es  conceined  in  budd 
ing,  and  loims  the  subjects  of  sepaiate  articles  in 
this  woik  See  Bridge — Sewi.r  and  Dkunage — 
Brickl  4.1  i\  g  —  Ston  l  —  Masonry  —  Mortabs  and 
Cements  —  PLibTEKiNG  —  CARrEViRii  — Woods  — 

SL\TI\G~ribC     A\uRK — PlUMHINu— GLAZI^G  — 

PiiNmr, — At\iMi\(   and  Vemilation,  de  &.C  < 

Uuo  rl  till  111  st  ,1  iboiatc  ticalises  on  Budding  is  i 

li\   11.  nliht      •  Tixite   de   I'ait  de  batn,"  5  \ols   I 

Qinin  I'll  lb  1S30— 2,  with  a  volume  of  dlnstratnc 

pi  t.  s  in  1  iho 

l\n\        nii<;  t^im  IS  Mippn  rd  In  Bi    Hides  t 


on  the  biond  exposed  sulfite  'ilic  CaU  oi  Cabk- 
httotj  may  be  eithei  a  common  ca  k  used  for  the 
puipose,  01  it  may  bo  made  m  the  foim  of  a  cask,  oi 
double  fiustum  of  a  cone  it  is  also  frequently  in 
the  foim  of  a  eylindci      The  largei  buoys  of  this 


ul    1 


out    the 


I    of  a 


under  watci,  as  a  ship's  anchor,  a  shoal,  sand-bank 
&c  Buoys  aic  of  seveial  kiudb,  the  Can  buoy  is  lu 
the  foim  of  a  cone.  Fig  3S1,  and  is  used  to  point 
out  dangerous  sands  and  shoals  Wlien  theie  aie 
"several  of  these  neai  the  same  spot,  as  is  frequently 
the  case  at  the  cntiance  of  uveis,  they  aie  distin 
giushed   b>   diOi  i  iit  cnl.iis,  b(m^    ]  iintul   bl  ick, 


1  till    sn  ,Uci  for  cables, 

hLiiLi,  thty  aie  calltd  J/ w  («^  9(/oyi  and  Cable  buoi/s 
Nun  buoys  are  casks  which  aie  laige  in  the  middle, 
and  taper  srreatly  towaids  the  two  ends,  Fig  38t 
///   or  Safrti,  hmr   It     intenilod  to  -Jave  a  person 
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who  falls  ovKiboiuJ,  and  tlicy  have  been  even  con- 
structed with  a  \icw  to  suppoi-tiug  several  pcibons 
ill  case  of  shipwreck.  The  most  esteemed  single 
Life-buoy  is  that  of  Lieut.  Cook  of  Plymouth,  which 
is  generally  called  a  night  life-buci/,  because  when 
an  accident  happens  at  night,  it  can  be  immediately 
lighted  before  it  is  let  go,  being  provided  with  port- 
fire and  lock  for  that  puriiose.  I'ig.  3S6  gives 
a  perspective  view  of  this  life-buoy  suspended  over 
the  two  middle  windows  of  a  frigate  stern;  aa  are 
two  casks  coimeeted  by  the  bar  b  passing  through 
them,  c  a  staff,  d  a  ballast  weight  at  the  bottom 
to  keep  it  upright ;  ee  two  wooden  jiipes  firmly  fixed 
to  the  bar  b;  these  pipes  slide  ou  two  metal  rods 
ff,  which  are  fastened  to  the  stern  at  ffyt/g ;  a  chain 
h  suspends  the  life-buoy  and  with  the  rods  keep  it 
tight  to  the  .=;tcra;  a  copper  cap  is  hinged  to  the 
stern  at  Ic,  this  covers  the  copper  table  which  carries 
tlie  port-fiie,  and  defends  it  from  the  weather.  This 
pfiit-fiie  is  lighted  by  means  of  a  laniard  p  at 
Fig.  367,  whah  pulls  the  trigger;  a  bolt  is  then 
drawn,  which  lets  go 
the  chain  by  whieii 
the  life-buoy  is  sus- 
pended to  the  stern. 
This  bolt  I-  is  shown 
n  the 
,  >  position  it  is  in  when, 
Ijeiug  withdrawn,  it 
hasuiilocked  IheroUer 

cd   lound   and  let   go   the 


ventor    obtained   the   gold 
■"■'•  *'^-  medal   of    the    Society    of 

.\rts,  and  his  buoy  is  now  in  common  use.  A  variety 
of  other  buoys  and  life-preservers  have  been  brought 
forward  from  time  to  time.  Thus,  Lieut.  Irvhie 
has  contrived  a  safety  portmanteau  capable  of  ex- 
cluding moistiu'C  and  of  buoying  up  a  person  in  the 
water.  Capt.  Hervey's  life-preserver  is  a  light 
wooden  frame  shaped  like  a  horseshoe,  but  suifieiently 
wide  to  admit  a  man's  body,  and  icudcred  buoyant 
by  means  of  cork.  :\Ir.  TaUor  of  Leifh  has  devised 
a  deck  seat  2S  inches  long  by  IS  broad,  capable  of 
bcins  quickly  converted  into  a  tight  boat-bhaped 
vessel  nc.iilv  -i  feet  long,  in  which  one  person  can 
Qo.it  ^.U.i'v  ].Hkets  and  belts  air  nuinuous,  and 
McsMs    \     I   „.     1,   I      .       1      1        I       I        >    ,k  or 


vented  d\\  ludi  i  iubbi.i  p.id  or  tushiuii  to  bo  attached 
to  the  Iwek  to  enable  the  wearer  to  float  in  water: 
a  wiic  gau/e  mask  is  tied  over  the  mouth  and  nostrils 


which  aduufs  air  but  repels  water.  Mr.  Symington's 
jacket  or  belt  admits  of  beuig  quickly  put  on,  and 
has  sufficient  buoyancy  to  keep  the  head  of  the 
wearer  above  water.  It  unfortunately  happens  with 
contrivances  of  this  kind,  that  when  fheie  is  no 
danger  they  are  neglected  and  foi  gotten,  so  that 
when  most  wanted  they  are  either  not  to  be  found 
or  they  are  out  of  repair,  or  unmanageable.     [See 

Bo  IT,] 

BURNER.     See  Gas-Lamp. 

BUTTER.  An  oUy  compound  forming  one  of  the 
components  of  milk,  the  others  being  cm-d  or  cusebie, 
a  species  of  sugar,  and  certain  salts.  The  lighter 
matters  suspended  in  milk  separate  in  the  form  of 
c_-eam,  and  this  cream,  by  chmiiing,  becomes  sepa- 
rated into  butler  and  butter-milk.  "During  this 
process  the  tcmpeiature  of  the  cream  is  sh'ghtly 
raised,  a  little  oxygen  absorbed,  and  acid  produced ; 
but  this  change  is  not  essential  to  the  separation  of 
the  butter,  which  takes  place  when  air  is  excluded, 
and  depends  upon  the  ruptiu'e  of  the  oil  globules." 

A  description  of  the  process  of  butter-making 
belongs  properly  to  a  woik  on  rural  economy,  but 
for  the  sake  of  the  simple  machinery  connected  with 
it,  we  give  a  brief  sketch  of  it.  Wlien  the  mUk  is 
brought  into  tlte  dauy,  it  is  strained  through  a  fine 
sie\e,  and  poured  into  shallow  pans  to  the  depth  of 
four  or  five  inches,  where  being  exposed  to  a  di-auglit 
of  cool  air  from   opposite  windows  cream  rapidly 


forn 


n  the  surface.     This  c 


skii; 


churned  immediately,  pioduces  the  most  delicate  kind 

of  butter,  but  it  is  seldom  used  at  once,  but  left 

twenty-foiu-  hours,  and  then  skimmed  and  consigned 

to  a  deep  earthen  jar  w  hose  contents  are  churned 

every  two   days.     Churning  is  meiely  the   beating 

and  agitating  of  the  cream  in  a  wooden  vessel,  the 

simplest  form  of  which  is  that  of  an  upright  wooden 

cask.  Fig.  3S9,  having  a  round  lid  with  a  hole  in  the 

centre.     Through  this  hole 

a  stick  passes,  which  is  four 

or  five  feet  long,  and  has  at 

the  lower  end  a  round  fl  it 

board  with  holes  in  it.  This 

board  is  a  little  smaller  tliau 

the  top  of  the  cask,  and  is 

worked  briskly  up  and  down 

w  ithui  it,  keeping  the  cream 

violently     agitated.       T'k 

same    purpose   of  keepiii_ 

the  cream    constantly  aLi 

tated  is   answered   by   the 

ktrrel-churn,Y\^  390,  which  l 

tui-ns  on  an  axle  by  means  of  a  con 

is   sometimes   moved   by  horse-powei,   or   en  u   by 

steam.    The  cream  is  strained  into  the  chum  tliiough 

a   cheese  cloth,  which  is  first  dipped  in  water  and 

spread  over  the  top  of  the  churn,  if  it  be  an  upright, 

or   over  the  bung-hole  if   it  be  a  barrel-chuin.     A 

cheese-cloth  is  also  kept  round  the  openings  of  the 

churn  during  the  operation,  or  some  of  tiio  cream 

wUi  be  dashed  out  in  churning.     Experience  teaclies 
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(lie  best  speed  for  cliuniiug,  for  if  too  quick  or  too 
slow,  tlie  butter  becomes  soft  and  frothy  or  strong 
and  iU-flavouied.  The  butter  appeals  first  in  kernels 
■which  cTadii.ill/  iiuita'ie  and  conglomerate  together 


in  mas-cs    ^^luu    11  (he  buKer  is  "conn,    i 
niainint;  hndii  milk  i-,  set  aside  for  the  pii,- 
but((.i  iIslK  l^  up(  aicdly  washed  -srith  spi 
in  a  sh.dlow  tub,  and  worked  with  the  hand  .  i   «  n  h 
a  \ioodoi  beater,  or  with  a  cheese-cloth  lollcd  up  ni 
a  ball     This  working  and  washing  is  for  the  purpose 
of  ficcni^  (he  mass  fiom  all  the  rcmaiuiug  butter- 
milk     A\'licn   this   is    perfectly  accomplished,   the 
bn((ci  i-,  -iMulnd  cnt  into  pounds  or  haU'-pounds,  and 
pini(cd  01  kjHiiI  a^  iiniy  be  the  fashion  of  the  dis- 
(iif  t.     The  i.iin(  IS  nt  wood,  with  a  small  aii--hole  in 
(he  ccnde      Tin    hudci  is  pressed  down  upon  this 
pa((iin,  '.haixd  inund  (he  edges,  and  then  ilattened 
a  li((lc  upiin  a  niaililc  or  -nooden  slab.     The  print  is 
(hen  loosrnrd  (mm  it   by  a  smart  blow.     A  large 
poidon  of  butter  from  most  considerable  dairies,  is 
liowcver,  immediately  salted,  and  put  into  casks  or 
firkins  of  clean  white  wood  containing  about  fifty- 
si-c  pounds   weight.     Peculiar  customs  in  certain 
distmft.  lead  to  vaiietics  in  the  quality  of  butter; 
foi  iiibfincc,  Devonshue  butter  and  cream  owe  their 
celcbii(j  not  so  much  to  the  superior  liclmess  nf  the 
pastm-es,  as  to  the  dairy  practice  of  tin  I    i 
which  differs  in  the  following  particidars.     'I 
in<;tead  of  being  left  to  cream  slowly  in  a  ri  i  1 
placed  in  laige  and  deep 


nail   fui: 


A(l 


(h(  milk,  and  i  li( 
tnnCMilhasi.nnii,  (n\,  ,l,h  h.i  (h,  llisi  app.  iiantc 
of  bubl.kb  on  the  Mufacc.  M  hen  thcbO  api.tai  and 
before  boiling  begins,  the  mdl<.  is  taken  olf  aud 
allowed  to  cool.  The  thick  part  is  then  removed, 
and  is  the  famous  clouted  cream,  a  substance  nearly 
as  thick  IS  buKei      Tlu  bud,  i  (,f  Epiiug  and  Cam- 

tli.it  of  s,  Ml  il  .IliM  <  lunli,  ■,  IS  |,,..,d  oil  as  such. 
Tin  ,11  liillu  ,1  l|nllm,libsu|i,iini  t„  (hat  of  any 
ctl,  II  M  iiins  about  t hi ee  fourths  of  all 

1  ">    of  a  yellow  colour,  and  is 

dii|Hnul     I  I  '« s  arc  fed  in  rich  pastures,  bu( 


an  artificial  colouriug  is  also  largely  employed,  beuig 
either  the  juice  of  carrots,  or  aniotto,  generally  the 
latter.  [See  Aknotto.]  An  experienced  writer  gives 
(he  follo-\ving  estimate  of  the  quantity  of  butter 
produced  by  a  single  cow.  "A  good  cow  shoidd 
produce  six  pounds  of  butter  per  week  in  summer, 
and  half  that  quantity  in  winter,  allowing  from  sk 
weeks  to  two  months  for  her  being  dry  before  calving— 
that  is,  120  lbs.  in  twenty  weeks  after  calving,  and 
SO  lbs.  iu  the  remaiuder  of  the  time  tdl  she  goes  dry, 
— in  all  about  200  lbs.  in  the  year.  If  she  produces 
more,  she  may  be  considered  a  superior  cow,  if  less, 
she  is  below  par.  To  produce  this  quantity  the 
pastiu'e  must  be  good ;  and  if  we  allow  three  acres 
to  keep  a  cow  in  grass  and  hay  for  the  year,  which 
is  not  very  far  from  the  mark,  the  butter  made  wdl 
inoduce  about  10/.  at  the  distance  of  fifty  miles 
irom  London,  if  it  is  sold  in  a  fresh  state,  and  the 
calf  about  15  s  at  a  week  old  This  does  little  more 
than  pay  lent  and  expenses  the  piofit  must  be  made 
b\  n.din,  1  ..s  fi  mikni.,  skim  milk  cheese" 

I        1      1  ill    miipdon    of    buttei   in 

'  I  li    consumption  m  the 

I  i(  10  lbs  a--seai  pei 
I      1      il  il  1,1      i  ,1  umof  2,500,000,  would 

gi\L  2j,(H)l),n0(l  lbs,  01  11,1()0  tons  When  to  this 
is  added  5,000  tons  allowed  to  be  lequiied  foi  the 
victualling  of  ships,  &c,  the  totil  consumption,  in 
round  numbers,  rises  to  16,000  ton  i^  s  |(i  iinolh, , 
which,  at  10(/  pel  pound,  -noul  I  I  i '    I 

BUTTON      4naiticleot  nti  i  i 

of  which  includes  m«M  cnii 

foim  maleinlb  uscl  m  i  ,1 

hom,  shell,  glass,  ^  ,  n 

stones  bnen,  \ eh  tt     ii  ,i  ,'  ,,      ,  1  1  i  d 

stuffs  of  all  kinds 

Biimmgham  is  the  great  seat  of  this  manufactuic, 
which  once  held  the  foiemost  rank  among  the  "toy 
tiades"  of  that  busy  town,  and  stdl  foims  an  im- 
portant feature  in  its  proceedings.  Huttoii,  in  noticing 
the  caprices  of  fashion  with  respect  to  this  article, 
says  .  "  This  beautifid  ornament  appears  with  infinite 
\  1  1,1,  ill,  and  though  the  original  date  is  rather 
I  ,,,,  yet  we  well  remember  the  long  coats  of 

,,  (fathers,  covered  with  half-a-gross  of  high- 
I  I  ii„!  the  cloaks  of  oiu- grandmothers,  ornamented 
■Midi  a  horn  button  nearly  the  size  of  a  crowTi-jiiece, 
a  watch,  or  a  jolm-apple,  curiously  ■svrought,  as  having 
passed  through  the  Birmingham  press.  Though  the 
common  round  button  keeps  on  w  iili  dii<  si,  :,,lv  pace 
of  the  day,  yet  we  sometimes  s,,'  ,'     '  \  ■'  , '  ■     in  :,,,■, 

and  the  pea,  the  concave  and  tin   li ■       -     iiiii 

existence.  In  some  branch, s  ii  i  :.  in,  v,,,iirr 
caUs  loudly  for  new  f.sliin,,, ;  !.  !■  i  ,  ■  ,  ,.  il„.  laslmms 
tread  upon  each  otli,  I       I  :  !         n  the  wearer. 

The  consumption  of  i'  ,  -uisliing;  and 

the  value  in  1781  wa-  li  ■  r  i!,.-  ,  i  ,.,  i,,  110  guineas 
a  gross.  In  181S,  the  art  of  gilding  buttons  had 
arrived  at  such  a  degree  of  rcDucment,  in  Birmingham, 
that  three-pennyworth  of  gold  was  made  to  cover  a 
gross  of  buttons." 


BUTTON. 


Tlic  qilt  button  manufactme,  mIucIi  tluis  excited  reriuirc  to  be  smoothed  and 
Hut! oil's  astonisliment,  will  be  the  liibt  we  shall 
notice.  Sheet-copper,  \nth  a  small  alloy  of  zinc,  is 
the  material  employed.  This  is  fmnished  to  the 
button-maker  in  strips  of  the  exact  thickness  to  suit 
his  pui-pose.  A  comer  of  one  of  these  strips  is 
placed  upon  a  circular  die  or  bed  in  a  tly-press,  and 
when  the  handle  of  the  press  is  pulled  forwaid,  a 
ciicular  cutter  or  puncli  descends,  and  punches  out  a 
round  disc  of  tlie  copper,  technically  called  a  Uanh. 
This  bemg  removed,  the  strip  of  copper  is  shifted, 
and  another  blank  cut  out ;  and  so,  with  great  rapidity, 
and  by  female  hands,  this  process  is  repeated,  at  the 
latc  of  about  thiitv  Winl=  per  mniuto,  or  twelve    o'l^  dining  each  r( 


nded.  Tor  this  ] 
pose,  they  are  roUcd  between  two  pai.iUcl  §100 
pieces  of  steel.  Fig.  392,  about  cighteou  inrhe,  k 


movable,  the  other  fixed     In  each  : 
liar  o]icniiig:,  which,  by  c 


of  the  handle,  allows  a 


ail,  uwork  at  the  sune  time,  with  one  fennle  to 
each,  theiefoie,  the  total  numbei  of  blinks  piodueed 
m  an  hour  is  veiy  large.  This  fust  pioctss  foi  gilt 
buttons  is  also  common  to  the  other  vaiieties. 

But  besides  the  common  gilt  button,  which  is  flat 
on  both  sides,  there  is  the  convex  button,  such  as  is 
worn  by  pages.  To  produce  this,  the  blanks  aie 
placed  one  by  one  in  a  fiy-press,  liavuig  a  concave 
mould  and  a  convex  punch,  which,  bcmg  brought 
do^vn  upon  the  ooft  metal,  fences  it  into  the  bed,  and 
gi\  es  it  the  required  shape.  This  is  also  the  business 
of  women,  and  is  performed  with  skdl  and  celerity. 
But  there  aie  other  buttons  in  which  the  convex  fiont 


nthe. 


..,ut. 


These  are  callKl  ■  I  ■>  or 

blanks  are  made  M 1 1         11  11  iltir- 

wards  by  the  action  ol  a  tin  aid  piuirh,  ww  uby  the 
edge  of  the  shell  is  bent  over  and  lapped  neatly  do^vu 
upon  the  bottom  without  any  soldering  Metal  brace- 
bat  tons,  and  otheis  which  lu\r  hok',  tkmugh  tbciu 
instead  of  a  shank,  aie  nu  I  1  1         m 

the  blanks,  then  making  th 

middle  with  a  punch  at  a  )1\  |  ' 

holes  with  a  punch,  and  tU^a  1  .  ,  .^  i  j  11  liini 
edges  -with  a  blunt  steel  tool,  to  pievcut  Ihtiu  fiom 
cuttmg  the  thread.  To  retimi  to  the  simple  blank : 
wlicu  it  is  cut,  the  edges  are  exceedmgly  sharp,  and 


?  mauufacture  of  button  slianks 


machine,  win 


distinct 

I  )  foily 
\  m  a 

1    nf    the 


till  1  I  piece,  bending  it,  and  at  the 

sa  1  II n  tlio  jaws  of  a  \ ice,  which 

couipi  o.,  J  I  luiui  an  eye:  a  small  hammer 
then  stiikes  the  two  cuds,  spreading  them  out  mto  a 
flat  surface,  when  the  shank  is  pushed  out  of  the 
machine  as  ready  for  use  ^MJlioiis  of  shanks  are 
made  in  this  way  in  flic  eoiuse  of  a  year.  The  office 
of  attacldng  them  to  the  blanks  is  assigned  to  women, 
who,  uliile  seated  at  a  bench,  adjust  them  in  their 
proper  position  by  means  of  a  small  spring  clasp  of 
iron  wiie,  shaped  like  sugar-tong-?,  one  limb  of  which 
rests  on  the  top  of  the  shank,  the  other  on  the  face 
of  the  button.  A  little  solder  and  resin  are  at  the 
same  time  appKcd  to  the  spot  where  the  two  are  in 
contact,  and  this,  when  the  buttons  are  afterwards 
placed  by  himdreds  on  iion  plates  in  an  oven,  melts, 
and  combines  the  two,  causing  them,  on  cooling,  to 
be  firmly  united  together.  The  button  is  now 
complete  as  to  ontwaid  foim,  unless  it  have  to  be 
decorated  with  a  crest  or  inscription ;  in  which  case 
.1  die  confaiumg  the  device  revcised  is  attached  with 
I  I  I  li  Min^aids  to  a  heavyweight  or  monlvcy, 
I II  two  upiight  posts,  and  suspended 
'  '  I  I  i^'-iug  over  a  pulley,  and  ending  in  a 
1..1  111  1  11,  into  which  the  workman  inserts  his  foot. 
On  the  sohd  bench  beneath  this  monkey  another 
die  is  firmly  fixed,  coufaiiu'ng  the  makci's  name  re- 
versed, and  a  hole  for  the  shank.    When  the  shank 


IS  inseited  lu  this  hole  the  f 
"Kposed  up\\ai1b  ind  ib  i<;ad^ 
Bion  from  abo\e  This  is  gi 
V  ith  InwTJig-  kii  foot  fi  om 


?  iiid  tlius  t-uii]  b  tnc 
I  e  of  thebuttou,  vtl  le  it  the 
iin^  IS  stamped  on  11  e  1  ick 


and  finally  strained  through  wash-leuther,  to  remove 
the  supcifluous  mercury.  The  mass  left  in  the 
leather  is  in  a  semi-fluid  state :  this  is  dissolved  in 
dil  ite  mtric  acid,  and  the  buttons  stirred  about  ui 
the  solution,  for  all-overs,  or  merely  brushed  on  the 
face  for  tops.  The  buttons  do  not  at  this  period 
piesent  the  slightest  appearance  of  gold  :  they  are  of 
a  dull  sdveiy  colour,  due  to  the  excess  of  mercury 
which  has  dissolved  the  gold.  The  nest  process, 
theiefoie  is  to  drive  off  aU  the  mercury  by  heat,  and 
so  oUo-n  the  gold  to  become  visible.  This  was  for- 
merlv  done  at  great  loss,  both  of  the  material  and  of 
the  he  1th  of  the  work-people,  over  an  open  fire,  but 
is  now  managed  by  placing  the  buttons  in  a  wire 
cage  witliin  a  furnace,  constructed  to  preserve  and 
coudense  the  fumes  of  the  mercury,  by  allov/ing  of 
then  eocape  into  a  vessel  coutahiing  water,  instead 
of  being  diffused  through  the  room  and  poisoning  the 
\i  oik  people.  Under  the  present  arrangement,  a 
\\  Oman  c  m  sit  without  danger  and  turn  the  handle 
of  the  cage,  thus  exposing  all  the  buttons  in  suc- 
cession to  the  action  of  the  fire.  From  this  process, 
wl  ich  is  called  drjjiiig-off,  the  buttons  certainly  come 
forth  of  a  gold  colour,  but  it  is  stiil  of  a  didl  and 
unjlc  sughue.     To  uii-  th.;  r.l!lli^;te  polish  which 


the  •«      It     ul  j     kl    icmovcb  the  stamped  butti 
and  with  the  othei  hand  \  uts  a  plain  o  lo  in  its  i  lace 
The  succeeding  piocesscs  aie  omaneiital    foi   at 
th  s  stage  the  buttons  thoi  gh  ]  erfcct  in  si      <-      e 
exccc  hi  glv   d  ill    ail   ill  lo  !     „       Ihev 
clemscl  b\  being  stiiied  u[    ii  a^eik      1 
n  tuc  aci  1    then  1 1  en  out  and    tlci  d  a  i  I 

m  a  1  ci foiated  caitl  en  d  bh  d  1 1 1. 1  to  a  n^ 
acil  slition  then  VI she  1  iil  dued  ihcy  i 
now  leady  cithc  to  be  sd  cicl  oi  ^llcl  as  tl 
cise  nay  be  Tor  the  foin  ci  they  uc  ]  ut  i  t 
aithen  vessel,  coi  torn  n^   a  miUuie  ot   sihe 


■nsolt  0 


n  of  t' 


d  cuts  and  well  stiued  i  p  foi  a  n  uute  oi  two  This 
g  ves  them  a  sdvery  white  sufacc  Toi  the  littei 
n  ich  gieatci  caic  is  reqi  led  m  oi  ler  to  economise 
the  gold  In  some  cases  the  gd  Img  is  only  to  be 
applied  to  tie  fice  of  the  button  which  is  then 
called  a  loi  m  otheis  to  the  whole  suilace  makin^, 
what  IS  c  11l  I  an  all  over  Foi  the  httei  purpose 
the  buttons  a  l  I  t  i  icUcd  m  ddufe  sulphuiic  acid 
aul  then  i  iuusl  1  in  sol  ition  of  mtiate  of  n  ei 
cuiy  called  q  i  i  irater  wl  ich  I  ues  a  tluu  film  of 
moicuiy  o\er  then  whole  suif  ice  It  to  b  aie  to  be 
n  ale  the  buttons  aic  not  inn  eised  but  anauged  on 

I  boai  1  (  nwl  ich  theie  aie  holes  foi  the  slnnks)  and 
1  lUbhed  o\ei  their  faces  with  the  liqmd  Owing  to 
the  astomshuig  divisibihty  of  gild  h\e  grains  are 
suQioient  to  gdd  141  one  inch  b  ittons  aud  somcti  i  cs 
t  vo  and  a  half  giaius  aie  n  adc  to  seive  the  piupose 
A  few  giams  of  gold  leat  disbohed  in  abo  it  ten 
tl  ues  its  wcigl  t  of  meicuiv  la  the  amalgam  use  1  ui 
giHing     It  IS  gently  healed  in  ai  iion  la  lie    aul 

tiriclwithanuumod,  thcuiouel   ito  c  Uwitcr 


c  ot  a 


(V  gdt  1) 


led  to  the  lathe,  and  caiefullv  buiuibhcd  with 
bloodstone,  which  completes  th^  process 

The  gdt  button  manufactuie  has  suffered  gieatly 
on  accoimt  ot  the  pievalenoe  of  othi^i  fasluons  in  this 
aiticle  The  floientine  and  the  sdk  but  n  hiv^ 
nearly  supciseded  it,  and  these  ha\e  been  cuttully 
impioved  from  time  to  tune,  and  made  the  sul  eot 
of  vauous  patents  In  one  of  these  the  fibuc  for 
coveimg  the  buttons  is  expicssly  woven  for  the 
puipose  and  contains  p  ittcms  a  li  oiuiniental  aesigus 
placed  at  suitable  dibtances  foi  cutfii  gup  into  tiitular 
pieces  for  covern  g  bi  ttons  Tl  l  gionnd  may  be  ol 
satm  siliuet,  twUl  &c  with  an  o  inracutil  ccnti  ij 
fi"-  le    f  my  hbie      11  e  i  aits  cf  i  floientine  button 
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d  the  manufacture  is  very  ingenious. 
AjI  the  different  parts  are  cut  out  at  a  fly-press  :  tliey 
are,  first,  a  metal  shell,  of  which  a  fiont  and  side  view 
lire  sliowu  in  I'ig.  395,  No.  1 ;    bccondly,  a  metal 


#'l 


coUet,  with  an  oblong  hole  for  thr  sh.uik  of  the 
button  (No.  2) ;  ihirdly,  a  circular  piece  of  silk,  or 
other  woven  material  (No.  3) ;  fourtlily,  the  padding, 
which  lies  under  the  collet,  and  which  has  a  thread 
wound  round  it,  at  right  angles  to  the  oblong  linic  of 
Hi-  ,.,"  »   (\n     n      This   padding   is   i    . '-  v.  .  •■ 

It  paper,  and  a  layei  >  I 
I  I  iiiiiiiig  the  back  of  ll 

Vm   ,  ,s  are  cut  out,  the   cii.    <  i  ] 

of  silk  i'.U  i->  tlI^t  placed  on  the  face  of  the  die 
or  moidd  (shomi  in  section  at  No,  5) ;  the  metal 
sheU  (1)  is  then  placed  on  the  silk  covering,  and  the 
two  together  are  piessed  down  to  the  bottom  of  the 
die  by  me.ms  of  a  jninch,  which  ncaily  fits  the  hollow 
of  the  cUc  This  punch  is  then  removed,  and  a  hollow 
tool  (G)  foiccd  into  the  die,  by  whicli  the  edges  of 
the  silk  are  forced  toward  the  centi  t'  ■  >  •  - '  j  jvii'^ 
the  shell.     The  coUet  (2)  witl  i         n       I     's 

then  dropped  into  the  mould  thi  ^  ;  i. 

the  ciilli  t  being  11  |ipermost.     A  ]  ii  n     i  i,     -M-d 

,1  Ml  -  I  .■!  t  r  ll  ,ll,jw  tool,  foiciii-  the  padding  and 
'  *(  r  covering  of  the  button  into  the 

i  N  them  with  sufBcieut  firmness 
IP  '  111  1  iidergocs  its  final  pressure.  The 
buttnii,  iliua  far  advanced,  is  removed  from  the  die 
by  a  wire  p.^ssed  up  through  a  channel  made  for  the 
purpose.  The  final  pressure  is  given  by  a  pmich  with 
a  plain  face,  the  workman  holding  a  piece  of  tissue- 
paper  between  the  punch  and  the  face  of  the  button, 
to  prevent  injury  to  the  latter.  Li  this  kind  of 
button  there  is  no  projecting  sli.mk,  but  a  flexible 
one  through  which  the  ncedh-  i  I  i  '  ,  i  m  d 
By  a  recent  improvement,  this  l      i  i      i  m 

by  the  punch  and  die  which  au  i  u' 

tJ\e  front  shell,  and  briua;iiig  I'l     .  " 


together.  This  is  not  an  unimportant  circuinstancf, 
though  it  may  seem  a  trivial  one ;  for,  by  lessening 
tlie  nnmbir  uf  pioccbsos  ^^hich  an  article  of  mauu- 
factnu  h  s     i         i      i    i,  the  cost  is  lessened  al.so, 


C  \  1  1  1  I 

(  \IAin  M  '  fi  om  (caS/tifia),  a  term  formeily  ap- 
I  ll  I.I  J  iiuiiir  and  to  the  substance  which  sublimes 
hum  the  fuiuaLC  during  the  manufacture  of  brass. 
Cadmium  is  a  simple  metal,  and  was  discovered  in 
1818  by  Stromeycr,  while  he  was  seeking  toasecitain 
the  cause  of  the  yellow  colour  of  certain  oxides  of 
zinc.  It  has  since  been  found  in  several  varieties  of 
zinc  01  e.  It  is  a  -^vliite  metal,  resembling  tin,  and, 
like  it,  creaks  when  a  rod  of  it  is  bent.  It  is  mal- 
leable and  ductile,  and  soft  enough  to  leave  marks  on 
paper.  Its  sp.  gr.  is  8  0  or  8  09  after  hammering. 
It  fuses  at  -112°,  and  boils  at  15SU°.  Air  scarcely 
acts  upon  it  except  when  heated  to  redness,  and  then 
it  forms  an  orange-coloured  oxide.  The  equivalent  of 
cadmium  is  50,  and  its  symbol  Cd.  This  mcial  has 
not  been  used  in  the  arts. 

CAl'l'EliNE,  see  CurrtE. 

CAISSON,  see  Bmd&e. 

CAL.UIANCO,  a  sort  of  woollen  stuff  chequeicd 
in  the  w.irp,  so  that  the  checks  .iic  seen  on  one  side 
only.      Sec  AVool. 

C^VLAillNB,  a  native  caibonate   of  zinc.      See 


CMvCAREOUSEVKTIl    a  U-r 


ndy  ap- 


;aof  io.y 


secondary  forms  are  more  ill!  "I  iii\ 

other  substance.    Bournou  ju  '  •     ,i,l- 

0(/ie  has   dcsciibed   and   li-i      1  ili.nis 

[See  Lime.] 

CALCEUONY,  sec  AG.iTE. 

CALCINATION,  a  term  now  snionjmous  with 
oxidizeineiit  or  oxiJulioii.  When  metals  aie  heated 
in  oxygen  or  with  access  of  atmospheric  air,  niiiuy  of 
them  lose  their  metallic  character,  and  become  oxides 
or  cilices,  as  they  wiie  foiintily  termed.  [See 
Met.us^ 

C\l  I  1  ...      SceLniE. 

C  \  1  I  I   I      I  I     '  'I        I  ■-       Mathematical 

ealculiti  1  I  1  i'  I  l'  1'  M  s  of  arithmetic, 
to  the  icliii(d  opeialiiiiis  of  algib.a  and  geometry, 
enter  so  largely  into  the  common  concerns  of  life,  or 
by  their  results  are  of  such  inestimable  value  to  trade, 
commerce,  navigation  and  science,  and  consequently 
more  or  less  directly  to  every  member  of  a  civilized 
community,  that  any  successful  attempt  to  reduce  the 
slow  and  often  erroneous  operations  of  the  mind  to 
the  rapid  and  precise  peiformances  of  a  machine, 
mubt  be  regarded  as  a  public  benefit.  But  as  the 
human  mind  cannot  spring  at  once  from  a  state  ot 
ignoi.ance  into  one   of  knowledge;  as  an  imperfprt 
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condition  of  science  cannot  suddenly  approach  per- 
fection ;  as  all  our  knowledge  and  all  our  discoveries 
must  be  made  by  slow  and  painfiil  steps ;  as  the 
human  mind  requires  the  strong  illuminating  power  of 
present  luiowledge,  to  penetrate  even  a  short  distance 
into  the  unknown  and  unexplored  region  of  discovery, 
so  wo  may  readily  suppose  that  the  invention  of  a 
machine  so  truly  wonderful  as  that  contrived  by  JIi-. 
Babbagc,  must  have  been  the  oiTsprrng  of  an  old 
family  of  machines,  professing  the  same  object,  but 
accomplishing  far  less.  That  this  is  so,  detracts 
notliiug  from  the  last  inventor,  for  had  there  been  no 
other  calculating  machines  previous  to  his,  he  could 
have  gained  nothing  from  the  experience  of  the  past, 
and  consequently  his  machine,  instead  of  being  almost 
perfect,  might  have  been  only  a  germ  for  future  men 
of  genius  to  improve  upon.  But  not  only  machines, 
but  mental  processes  which  give  birth  to  machines, 
pass  through  various  phases  of  improvement  in  the 
eom-so  of  ages.  There  was  a  time  when  our  fore- 
fathers could  perform  the  arithmetical  operation  of 
adiHtion,  but  not  that  of  multiplication.  It  was  dis- 
covered, however,  that  without  greatly  changing  the 
character  of  addition,  its  processes  might  be  facili- 
tated by  arranging  and  committing  to  memory  a  sort 
of  table  in  which  the  results  of  addition  are  presented 
for  the  combinations  of  units  from  1  to  13.  Tlius 
wheu  we  niiJtiply  'J  by  (J,  wc  add  up  9  six  times ; 
butinlhi  iili;.'  wf  I  .  jht  oC  the  process  of  ad- 
dition, ail  I  K  Milt  as  it  stands,  9x6 
=51.  In  '  ,  ,  inii  was  introduced  as  a 
speedier  im  li  ■  >!  -:  -uiiirimion;  for  if  we  have  to 
divide  30  by  j,  wc  in  effect  subtract  5  from  30  six 
times  over,  by  which  we  separate  30  into  sis  parcels 
of  5  each. 

One  of  the  simplest  forms  of  calculating  machines, 
IS  the  Abacus.  The  school-boys  of  ancient  Greece 
aequiicd  the  elements  of  knowledge  by  working  on  a 
smooth  board  with  a  narrow  rim,  called  the  Aba.v, 
probably  from  the  combination  of  A,  B,  r,  the  first 
letters  of  their  alphabet.  They  were  instructed  to 
compute  by  forming  progressive  rows  of  counters, 
which  consisted  of  small  pebbles,  of  round  bits  of 
bone  or  ivory,  or  even  of  silver  coins.  The  same 
board  also  served  for  teaching  the  i-udiments  of 
writing  and  the  principles  of  geometry,  for  by  strew- 
ing the  abax  with  sand,  it  was  easy  with  a  small  rod 
to  trace  letters,  draw  lines,  construct  triangles,  or 
describe  circles.  It  appears  also,  that  the  practice  of 
bestowinc:  on  [nbblcs  an  artificial  value,  according  to 
'-1'  i  'i-  '  I '  1  '  Mliich  they  occupied,  was  practised 
I       -        ■  ■  iod,  for  Diogenes  Lacrtius  states 

'!  "  i  '  '  "  rompare  the  passive  ministers  of 
l^::i^-  "  1  ■  '  "  ■"  i!ic  counters  or  pebbles  of  arith- 
meticians, .1  ■  : ,-.  iiM  1  lu  s  most  important,  and  at 
othcrtiiih  ,,  !i  _,        1..  The  Romans  borrowed 

their  abacn    ;:  i.         ■,  and  to  each  pebble  or 

counter  u^Li  m  U.c  I,..:...  J,  they  gave  the  name  of 
calculus,  the  diminutive  of  adv,  a  stone ;  and  applied 
the  verb  calculare  to  the  operations  performed  with 
such  pebbles ;  whence  the  English  verb  to  calculate. 
(The  Greeks  also  derived  their-  verb,  frjjii^eiv,  to 


compute,  from  i|'^</)or,  a  pebble.)  A  smidl  box  (.r 
coffer,  called  a  locuhis,  with  compartments  for  holding 
the  counters,  was  a  necessary  appendage  of  the 
abacus :  so  that,  "  instead  of  carrying  a  slate  and 
satchel,  as  in  modern  times,  the  Roman  boy  was 
accustomed  to  trudge  to  school,  loaded  with  his 
arithmetical  board,  and  his  box  of  counters."  '  The 
abacus  appears  to  have  been  divided  by  means  of 
perpendicular  lines  or  bars :  this  was  improved  by 
dividing  the  smface  of  the  board  by  sets  of  pai-aUel 
grooves,  or  by  stretched  wires,  or  even  by  successive 
rows  of  holes.  It  was  easy  to  move  small  counters 
in  the  grooves,  to  slide  perforated  beads  along  the 
wii'es,  or  to  stick  large  nobs  in  the  different  holes. 
To  diminish  the  number  of  marks  requii-ed,  each 
column  was  surmounted  by  a  shorter  one,  wherein 
each  counter  had  the  same  value  as  five  of  the  ordi- 
nary kind,  being  haK  the  index  of  the  denary  scale. 
Two  of  these  instruments,  delineated  on  the  antique 
monuments,  show  clearly  how  they  were  used.  In 
one  the  numbers  are  represented  by  flatfish  perforated 
beads,  ranged  on  parallel  wires;  and  in  the  other 
they  are  expressed  by  small  round  counters,  moving 
in  parallel  gr-ooves.  These  instruments  contain  each 
seven  principal  bars,  expressing  in  order  units,  tens, 
hundreds,  thousands,  ten-thousands,  hundi-ed-thou- 
sands,  and  millions;  and  above  them  are  shorter 
bars,  following  the  same  progression,  but  having  five 
times  the  relative  value.  With  four  beads  on  each 
of  the  long  wires,  and  one  bead  on  every  con-e- 
spouding  short  wii-c,  any  number  as  far  as  ten  millions 
could  be  expressed.  Immediately  below  the  place  oi 
units  is  a  bar  with  its  corresponding  branch,  both 
intended  to  signify  ounces,  or  the  twelfth  parts  of  a 
pound.  Fractions  of  oxinces  are  also  expressed  by 
three  very  short  bars  behind  the  rest. 

During  the  middle  ages,  calculations  were  per- 
formed on  the  principle  of  the  abacus,  by  representing 
numbers  by  counters  placed  in  parallel  rows.  It  was 
the  usual  practice  for  merchants,  auditors  of  accounts, 
or  judges  appointed  to  decide  in  matters  of  revenue, 
to  appear  on  a  covered  bank  or  bench ;  before  them 
was  a  table  covered  with  a  cloth,  rescmblmg  the 
abacus,  and  distinguished  by  perpendicular  and 
chequci-ed  lines.  The  Court  of  Exchequer,  which 
takes  cognisance  of  aU  questions  of  revenue,  was  in- 
troduced at  the  Norman  Conquest.  A  writer  of  the 
twelfth  century  describes  this  table  or  seaccarium  as 
being  about  ten  feet  long  and  five  broad,  with  a  ledge 
or  border  about  four  inches  high,  to  prevent  anything 
from  rolling  over,  and  was  surrounded  on  all  sides  by 
seats  for  the  judges,  the  tellers,  and  other  officers. 
It  was  covered  every  year  after  Easter  Term  with 
fresh  black  cloth,  divided  by  perpendicular  wliite 
lines,  at  intervals  of  about  a  foot,  and  again  parted 
by  similar  transverse  lines.  Small  coins  were  used 
for  counters :  the  lowest  bar  exhibited  pence,  the  one 
above  it  shillings,  the  nc.\t  pounds ;  and  the  higher 
bars  denoted  successively  tens,  twenties,  hundreds, 
thousands,  and  ten-thousands  of  pounds.  The  first 
bar,  therefore,  advanced  by  dozens,  the  second  and 
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third  by  scores,  and  the  rest  by  multiples  of  ten. 
The  teller  sat  about  the  middle  of  the  table  •  on  his 
right  hand  eleven  pemues  -were  heaped  ou  the  hist 
bai,  and  i  pile  ot  mneteen  slulhn<;s  on  the  second , 
while  a  quantity  oi  pounds  wis  colleottd  oppobito  to 
hiin  ou  the  thud  bii  Foi  the  sake  of  expedition,  ho 
mi^ht  (iiiiky  i  dill l lent  nnik  to  uprcciit  hilt  the 
1  1  il\  ei  penny  toi  ten  shiihugs,  and 

u^  money  were  indicated  by  a 
1  1  I  si_^n  alteiwaids  adopted  foi  <in 


The  method  of  recording  numbers  by  tallies  was 
also  introduced  into  England  at  the  Norman  Conquest 
Tallies  are  well  seasoned  sticks  of  hazel  oi  willow, 
lig  390,  iiom  the  Fieneh  fo!//«  to  cut,  because  they 
aie  cut  01  squaied  at  each  cud  The  sum  of  money 
•\\as  maiked  on  the  side  with  notches  by  the  cuttf  r 
of  taUits,  and  also  msciibed  on  both  sides  m  llonnu 
chauieteis  by  the  wiitei  of  tallies  The  smalk^t 
notch  denoted  a  pennj,  a  higei  one  a  shilling,  and 
I  one  stdl  laigei  a  pound  othei  notches  mcrca^mg  in 
breadth  denoted  a  ten,  a  huntUed,  and  a  thousand 
The  stick  ^Ms  then  clclt  thiough  the  middle  by  the 


dLpulj  chxiulHiluus  \iith  a  knife  and  a  m  diet  th 
one  poitiuu  being  c  died  the  iall^,  iml  the  othei  the 
coiiniei  tally 

The  Chinese  make  use  of  an  incicut  mstiument 
enlh  d  the  Stincan  jxiii,  oi  rompuiiitff  table,  ■nhicli  is 
^inuhi  lu  shape  and  eonstuiction  to  the  abicus  of  the 
Rom  Ills  It  consists  of  a  small  oblong  I  oaid  sur 
i(  uudod  by  a  high  ledge,  and  paitcd  lengthwise  near 
the  top  bv  anothei  kdgc  It  is  dnided  -  citic  dlv  by 
10  smooth  lud  skudei  lods  of  bamboo,  on  which  aio 
stiuug  2  small  balls  of  ivoiy  oi  bone  m  the  up]ier 
conipai  tment,  and  five  such  balls  m  the  lowei  and 
laigoi  compaitment  each  of  the  lattei  on  the 
sCTCialbais  denoting  a  unit,  and  each  of  the  former 
a  5  As  the  decimal  n  t  ifi  n  is  usul  m  flum, 
thisinstiumont  is  auII        |      1  1  1 


md  tl 


Til 


md  si 


denoting  numbcis,  ( is  di  1   i' 

whence  the  teim  digit  fiom    /  \s 

every  fingei   has   3  joints,   'it  1 

the   othei    hand  touch  those  j  i  u, 

passing  up  the  one  side  of  the  fiugci,  dumi  llio  middle 
and  again  np  the  other  side,  and  it  wdl  gne  0  dif 
ferent  maiks  applicable  to  the  denary  scale  of  ai 
rangcment  On  the  liltle  fingci  those  maiks  sigiuly 
units  on  the  iio\t  fingei  tins,  on  the  middle  fingei 
hundieds  ri  the  indc\  fius:oi  thousands,  and  on 
the  thumb  hundifd  thous-inds  A\  ilh  the  eon  bmcd 
positions  of  the  jomts  of  on  I  1  il  I  i  is 
easy  to  idvance  by  signs  as  1  II 

mei  chants  of  China  aie  said 
with  c  ich  othei  by  means  ol  tl  ^  1  tl  it 

often  with  a  fiaudnlcnt  design  tlicv  cunced  them 
fiom  the  by  standeis,  by  seemmg  only  to  seize  each 
otheis'  hands  with  a  hearty  giasp 

\  f   arithmetical   maehn  i 

\  1  111  of  Meichiston,  11 

1  called  Napiei's  I 

1 1  bci  of  lods  01  squai    ] 

peds3inrlir.ni!  ii^th  and^^thbof  aninchmbu  idth 
Fig  397  Each  ol  the  faces  of  the  paiallelopipeds 
except  the  tiirJei  rod  ou  the  left  hand  is  divided  mto 


10  equal  squaies,  ^\hleh  aie  out  dngon  illy  by  a  line 
fiom  right  to  left  down-naids  In  each  squaie  is 
niscitcd  the  pioduot  of  t-no  significant  figures,  so 
that  the  whole  when   ilacid    togcthci    foinis    the 
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common  multiphcation  table,  the  only  diffuence 
bemg  that  the  light  hand  oi  unit  figme  of  the  pio 
duct  IS  placed  below  the  diagonal  bnc  and  the  10 
belonging  to  it  abo\e  it,  and  when  the  pioduet  is 
but  one  flgnie,  it  is  written  below  it  'W  ith  these 
rods,  multiplication  and  division  can  be  perfoimed  by 
means  of  addition  and  subtiaction,  but  as  the  same 
figme  may  oecni  seveial  times,  it  is  necessaiy  to  be 
provided  with  3  oi  4  lods  of  each  kind,  md  to  ha\e 
4  sides  of  each  lod  msciibcd  with  a  ditlaont  set  of 
figuies  Multiplication  is  pcifoimed  b^  [liiiiij;  the 
rods  so  as  to  foim  the  midtiidicand  at  the  top ,  then 
apply  a  lod  ^ith  unity  at  the  top  to  the  Iclt  hand 
side,  and  exactly  opposite  to  each  flguie  will  be  found 
the  pioduet  ausmg  fiom  the  multiphcation  of  thit 
flguie  into  the  multiplicand,  but  this  must  be  ob- 
tained by  addition,  m  the  following  mannei  —the 
figme  below  the  diagonal  on  the  light  hand  rod,  is 
the  unit  figure  of  the  pioduet,  the  flguie  above  the 
1  n  1  added  to  the  figure  on  the  next  lod  bchw 
nal,  gives  the  next  figure  of  the  pirduct, 
lie  above  the  diagonal  on  the  second  ro  I, 
M  1  I  )  the  figme  below  the  diagonal  on  the  follow 
111^  lod,  gives  the  thud  figme  of  the  pioduet,  and 
so  on  It  will  not  be  neeessaiy  to  illustrate  the  use 
of  these  rods  by  examples,  foi   the  miUtipUcation 
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table  is  so  well  and  so  geuerally  known,  as  to  render 
the  tedious  use  of  Napier's  rods  unnecessary.  The 
method  of  performing  division  therewith,  is  even 
more  complex  than  that  of  multiplication. 

Many  other  contrivances  for  facilitating  calculation 
have  been  made  from  time  to  tune,  but  they  take  the 
place  of  histniments  rather  than  of  rr.achines.  The  j 
first  calculating  machines  properly  so  called  are  those 
by  Gersten  and  Pascal,  the  former  of  which  is  de- 
scribed by  Professor  Gersten  himself,  in  an  early 
number  of  the  Philosophical  Tramuctions,  and  the 
latter  is  described  by  Diderot  in  the  Enci/cloptdie 
Mtlhodique,  article  Arithnutique.. 

It  would  not  be  possible  to  describe  these  machines 
without  the  aid  of  elaborate  engravings.  Their  use, 
if  indeed  they  were  ever  used  practically,  was  con- 
fined to  a  few  simple  arithmeticid  operations,  which 
can  be  performed  much  more  readily  by  the  pen  of 
a  skilful  computer.  It  will,  however,  be  usefid  to 
notice  the  principle  upon  which  these  machines  were 
constructed,  since  it  is  that  which  has  been  sub- 
sequently adopted  in  later  and  more  efficient  machines 
of  this  class.  If  we  notice  the  manner  iu  which 
quantities  are  combined  in  the  common  system  of 
numeration,  it  will  be  found  that  the  value  of  each 
figure  is  ten  times  greater  than  it  would  be  if  it 
occupied  a  position  one  place  to  the  right.  Thus,  iu 
the  number  1S29,  although  9  is  greater  than  2,  yet 
the  3  in  this  position  represents  a  larger  sum  than 
the  9,  because  it  occupies  a  place  to  the  left  of  the 
9.  The  quantities  really  expressed  by  the  figures 
('lOOO' 
3    SOOi 


until  two  needles  pointed  to  the  two  figures  5  and  9, 
one  on  each  plate  :  two  slides  were  then  adjusted, 
until  two  indices  pointed  to  the  figures  3  and  2,  one 
on  each  slide.  Both  the  discs  and  both  the  slides 
were  comiected  with  toothed  rack-work,  wldch  work- 
ing into  each  other,  turned  another  dial-plate  in  such 
a  direction  as  to  show  on  its  face  91,  or  the  sum  of 
32  and  59.  If  on  the  contrary  it  were  required  to 
subtract  59  from  91,  indices  would  be  pointed  to 
9  and  1  on  two  separate  discs,  and  to  5  and  9  on 
two  separates  slides,  and  the  movement  of  these  discs 
and  slides  iji  an  opposite  direction  to  the  former, 
would  turn  another  wheel,  to  show  32  on  its  face, 
the  difference  between  59  and  91.  The  process  of 
multipUcatioa  was  effected  by  a  kind  of  reiteration 
of  additions,  and  that  of  division  by  a  succession 
of  subtractions. 

Pascal's  machine  was  constructed  for  the  parjiose 
of  performing  certain  calculations  connected  with 
the  duties  of  an  office,  held  m  Upper  Normaudy  by 
Pascal's  father.  The  calculations  were  reckoned  in 
the  cuiTcncy  of  France  at  the  time :  the  denier  wheel 
had  12  teetii,  representmg  the  number  of  deniers  in  a 
sol ;  tlie  sol  wheel  had  20  teeth,  equal  to  the  number  of 
sols  in  a  livre,  above  which  each  wheel  had  10  teeth, 
indicating  10,  100,  1000,  &c.  livrcs.  Connected  with 
the  wheels  were  a  number  of  cylinders.  Tlie  cylinder 
expressing  deniers  had  the  foUowmg  figures  engraved 
upon  it : — 


1S29  arc 


20 


The  cylinder  representing  the  sols  :- 


,   but  i 


practice   wc 


,   the 


cyphers,  and  place  tlie  slguificant  figures  side  by  side 
preserving  their  proper  position  from  the  right  hand. 
Now  if  we  have  a  wheel  on  whose  axis  is  a  pinion 
with  leaves  or  teeth ;  if  these  teeth  work  into  another 
set  of  teeth  or  cogs  on  the  periphery  of  another 
wheel,  and  if  the  teeth  on  the  latter  wheel  are  just 
ten  times  as  numerous  as  those  on  the  pinion,  this 
system  being  made  to  revolve,  the  pinioned  wheel 
will  revolve  just  ten  times  as  fast  as  the  other.  This 
produces  a  kind  of  analogy  between  the  decimal 
notation  and  the  working  of  the  Ivheels ;  for  it  takes 
10  units  to  make  up  1  figure  or  unit  in  the  second 
place  in  conunon  numeration,  and  it  requires  10 
revolations  of  the  pinioned  wheel  to  impart  1  re- 
volution to  the  larger  wheel.  This  is  the  funda- 
mental principle  in  the  calculatmg  machines  now 
under  notice.  In  such  machines  there  are  a  number 
of  dial-faces,  each  marked  with  figures  from  1  to  10. 
These  dial-faces  are  fixed  upon  wheels,  the  teeth  of 
which  work  into  the  puiions  of  other  wheels,  on 
which  are  similarly  divided  faces  or  discs,  so  that 
while  one  face  indicates  units,  another  indicates 
tens,  a  third,  hundreds,  and  so  on.  These  wheels 
and  dial-faces  may  be  differently  an-anged  in  different 
machines,  but  the  prmciple  is  the  same  in  all.  In 
Gersten's  instrument,  for  example,  if  32  were  to  be 
added  to  59,  two  dial-faces  had  to  bi^  fumed  bv  hand 


jVnd  \vhen  it  expressed  the  units  of  the  livrcs  or 
pounds : — 

Now  as  matters  are  so  arranged  in  this  machine 
that  a  complete  turn  of  the  fu-st  barrel  is  necessary 
to  produce  a  twentieth  of  the  second ;  a  turn  of  the 
second  to  produce  a  tenth  of  the  thud;  a  turn  of 
the  tliird  to  produce  a  tenth  of  the  fourth ;  and  m 
short,  since  the  barrels  follow  in  their  revolutions 
the  proportion  which  prevails  between  the  different 
orders  of  the  figures  in  arithmetic,  it  is  evident  that 
the  operations  of  numbers  may  be  performed  by 
means  of  the  barrels  and  the  figures  which  are 
engraved  on  them. 

This  machine  has  some  uigenious  arrangements 
which  we  cannot  stay  to  describe:  it  is,  however, 
tedious  in  its  operations  and  inferior  to  the  common 
modes  of  performing  arithmetical  calculations.  It  is 
introduced  here  in  order  to  furnish  a  gluupse  of  one 
of  the  predecessors  of  Mr.  Babbage's  machme.  It 
was  improved  by  M.  del'Epine  in  1725,  and  again  in 
1730  by  M.  Boitissendeau.  Both  machines  are  de- 
scribed in  the  "Uecueil  des  Machhies  approuvces." 
About  1G70,  Sir  Samuel  Morland  contrived  two 
machines,  one  for  addition  and  subtraction,  and  the 
other  for  multiplication,  division,  and  the  extraction 
of  the  square  and  cube  roots.  They  are  described 
iu  the  Diilosophical  Transactions,  No.  91.     Leibnitz 
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a  b.  So  also  we  get  the  number  25,  liy  smnining  up  j 
the  three  numbers  placed  in  the  oblique  direetion  dc.  , 
Commenciug  by  the  addition  2  +  7,  we  have  the  first 
difference  9  consecutively  to  7 ;  adding  16  to  9,  wc 
liave  the  square  25.  Thus,  the  three  numbers  2,  5,  9, 
being  given,  the  whole  series  of  successive  square 
numbers,  and  also  that  of  their  fii'st  differences,  may 
be  obtained  by  means  of  simple  additions. 

Now,  to  reproduce  these  operations  by  moans  of  a 
machine,  suppose  the  latter  to  have  three  dials,  a,  b,  c, 
on  each  of  which  are  traced,  say,  1,000  divisions, 
over  which  a  needle  shaU  pass ;  that  the  H  o  duL 
c,  B,  have  also  a  registering  hanimer,  which  is  to  gn  i, 
a  number  of  strokes  equal  to  that  of  the  divibion 
indicated  by  the  needle;  that  for  each  stroke  of  th 
registering  hammer  of  the  dial  c,  the  needle  b  sh  I'l 
advance  one  division,  and  that  similarly  the  needli 
A  shidl  advance  one  division  for  every  stroke  of  the 
registering  hammer  of  the  dial  b.  Such  is  the  genual 
disposition  of  the  mechanism. 

This  being  understood,  suppose,  at  the  begmiuug  of 
the  operations  wliicb  are  to  be  executed,  we  place  the 
needle  c  on  the  dinsion  2,  the  needle  b  on  the  di\  isiou 
5,  and  the  needle  a  on  the  division  9.  AUow  the  hammri 
of  the  dial  c  to  strike :  it  will  strike  twice,  and  at 
the  same  time  the  needle  b  wiU  pass  over  two  divisions 
The  latter  will  then  indicate  the  numbei  7,  which 
succeeds  the  number  5  in  the  column  of  first  differ 
euccs.  If  the  hammer  of  the  dial  b  be  then  allowed 
to  strike,  it  wiU  strike  7  times,  during  which  the 
needle  a  wdl  advance  7  divisions  :  these  added  to  the 
9  already  marked  by  it  wiU  give  the  numbei  10,  which 
is  the  square  of  the  number  consecutive  to  9  If 
we  now  recommence  these  operations,  beginmug  ^^  ith 
the  needle  c,  which  is  always  to  be  left  on  the  division 
2,  it  will  be  seen  that,  by  repeating  them  indefinitelv, 
we  may  successively  reproduce  the  series  of  wh  h 
square  numbers  by  means  of  very  simple  mechanism 
It  would  be  quite  impossible,  however,  to  entei  upon 
the  details  of  the  machinery,  for  the  di-a\vings  of  tlu 
various  parts,  constructed  by  Mi-.  Babbage,  or  under 
his  direction,  cover  a  space  of  1,000  square  feet 

A  most  valuable  feature  intended  to  be  mtioduccd 
into  this  machine  is  the  power  of  printing  the  tables 
as  fast  as  it  ealeulates  them.  This  was  pioposed  to 
be  accomplished  iu  the  following  manner  — When 
one  of  the  dial  wheels  is  in  such  a  position  as  to 
indicate  any  particular  figure  of  the  table,  some 
mechanism  at  the  back  raises  a  curved  arm,  containing 
several  figm-e  punches.  A  plate  of  copper  is  biought 
near  the  bent  arm,  and  by  a  sudden  blow  an  impres- 
sion of  the  required  figure  is  punched  in  the  copper, 
aud  the  figure  so  puuclied  corresponds  with  that  indi- 
cated on  the  dial.  The  plate  is  shifted  from  place  to 
place,  untd  it  is  punched  all  over  with  figures  arranged 
in  a  tabular  form.  It  is  then  used  either  as  an  en- 
graved copper  plate,  and  printed  from  iu  that  form, 
or  it  may  be  used  as  a  mould  m  the  casting  of  stereo- 
type plates  of  the  tables,  which  may  thus  be  multi- 
plied in  a  permanent  form  without  the  slightest 
chance  of  an  erratum  being  required. 
A  portion  only  of  this  machine  has  been  completed; 


but  this  portion  is  capable  of  calculatmg  to  five 
figures  and  two  orders  of  differences,  and  performs 
its  work  with  absolute  precision ;  but  no  portion  of 
the  printing  machinery  exists. 

In  1843  an  application  was  made  to  Government 
by  the  Trustees  of  King's  CoUcgc,  London,  to  alloAv 
the  engmc  as  it  existed  to  be  removed  to  the  museum 
of  that  institution.  The  request  was  complied  with, 
and  the  enguie  enclosed  within  a  glass  case  now 
stands  nearly  in  the  centre  of  the  museum.  Pig.  398, 
is  a  representation  thereof,  made  from  a  drawing 
horn  the  engine  itself 


As  this  fiaginent  of  the  difleience-engme  is  public 
property,  it  wiU  be  niterestmg  to  state  briefly  the 
oucumstances  which  have  mtcifeied  with  the  com- 
pletion of  tins  great  woik  of  gemus,  aud  this  we 
are  enabled  to  do  with  the  assistance  of  a  ehaptei 
contamed  in  the  second  Volume  of  Mi  Weld's 
"  History  of  the  Royal  Society,"  (Svo  London, 
1S4S,)  which  we  understand  received  the  sanction 
of  Ml'.  Babbage  himself,  as  a  tnie  and  impaitial 
statement. 

It  appears  that  on  the  3d  July,  1822,  Mr.  Babbage, 
in  a  letter  to  Sir  Humplirey  Davy,  gave  some  account 
of  a  small  model  of  his  engine  for  calculating  dif- 
ferences, which  "  produced  figui'cs  at  the  rate  of  44 
a  minute,  and  performed  with  rapidity  and  precision 
all  those  calculations  for  which  it  was  designed. 
....  Induced  by  a  conviction,"  says  Mr.  Babbage, 
"  of  the  great  utility  of  such  engines,  to  withdraw 
for  some  time  my  attention  from  a  subject  on  which 
it  has  been  engaged  during  several  years,  and  which 
possesses   charnus  of  a  higher  order,  I   have  now 
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arrived  iit  a  poiut  where  success  is  no  longer  doubt- 
fiJ.  It  must,  however,  be  attained  at  a  very  con- 
siderable expense,  which  would  not  probably  be 
replaced  by  the  works  it  might  produce  for  a  long 
period  of  time,  and  which  is  an  undertaking  I  should 
feel  unwilling  to  conuneuoe,  as  altogether  foreign  to 
my  habits  and  pursuits." 

Early  in  April  1S23,  the  Koyal  Society  was  re- 
quested by  Govermnent  to  take  into  consideration 
a  plan  which  had  been  submitted  by  Mr.  Babbage, 
for  "applying  machinery  to  the  pm-posos  of  calcu- 
latiug  and  printing  mathematical  tables."  A  com- 
mittee was  accordingly  appointed,  and  on  the  1st 
May  they  reported,  "that  it  appears  that  Mr.  Bab- 
bage has  displayed  great  talents  and  ingenuity  in  the 
construction  of  his  machine  for  computation,  which 
the  Conunittee  think  fully  adequate  to  the  attaimuent 
of  the  objects  proposed  by  the  inventor,  and  that 
they  consider  Mr.  Babbage  as  highly  deserving  of 
public  encouragement  in  the  prosecution  of  his 
arduous  undertaking." 

lu  c.nisrfiufiicc  of  this  Report,  the  Lords  of  the 

'I' IV,    I,:;, -r.i  !:<    ,-,,,.  ul'  1,500/.  to  Mr.  Bab- 

1 J  _  .  his  iuvention  to  perfec- 

I,  .  ,  I  ;     I  J,iiv  IS23,  Mr.  Babbage 

luL'L  i.;l:i;iul;  l-.'  i!.L  diiiiuctioii.  of  tliB  presBut 
dLtierencc-cuguic,  and  it  was  regularly  proceeded  with 
for  four  years.  And  here  it  is  right  to  state,  that 
Mr.  Babbage  gave  his  mental  labour  gratuitously, 
and  that  from  first  to  last  he  has  not  derived  any 
emolument  whatever  from  Goverumont.  Sectional 
and  other  drawings  of  the  most  delicate  nature  had 
to  be  made;  tools  to  be  formed  expressly  to  meet 
luechanical  difficulties ;  and  workmen  to  be  educated 
m  the  practical  knowledge  necessary  in  the  construc- 
tion of  the  machine.  The  mechanical  department 
was  placed  under  the  management  of  Mr.  Clement, 
a  draughtsman  of  great  ability,  and  a  practical  me- 
chanic of  the  highest  order.  Money  was  advanced 
from  tune  to  time  by  the  Treasury,  the  accounts  fur- 
nished by  the  engineer  undergoing  the  examination 
of  auditors,  and  passing  through  the  hands  of  Mr. 
Babbage.  Thus  years  elapsed,  and  public  attention 
became  at  length  directed  to  the  fact,  that  a  large 
s\mi  had  been  expended  upon  the  construction  of  the 
engine  wliich  was  not  completed."  In  December 
1838,  Government  requested  the  Council  of  the  Royal 
Society  to  inquire  into  the  state  of  the  macMne. 
A  committee  was  accordingly  appointed,  and  in  their 
report  they  stated,  that  "  the  progress  made  was  as 
great  as  could  be  expected,  considering  the  numerous 
difficulties  to  be  overcome,  and  that  they  had  no 
hesitation  in  giving  it  as  their  opinion,  that  the 
engme  was  Ukely  to  fulfil  the  expectations  entertaiued 
of  it  by  its  inventor."  They  fui-thcr  stated,  that  the 
public  utility  of  the  engme  must  be  "  obvious  to  all 
who  consider  the  immense  advantage  of  accurate 
numerical  tables  in  all  matters  of  calculation,  which 
it  is  professedly  the  object  of  the  engine  to  calculate 
and  priut  with  perfect  accuracy." 

This  report  was  acted  on  by  Government ;  funds 
were  advanced,  the  machinery  was  declared  national 


property,  and  the  works  were  continued  for  a  lime; 
but  the  official  payments  soon  failed  to  moot  the 
expenses  incurred.  Accordingly  a  meeting  of  some 
of  Mr.  Babbage's  personal  friends  took  place  on  the 
12th  May,  1S29,  who  di-ew  up  a  rcjiort  iir  which  it 
was  stated,  "  that  Mr.  Babbage's  actual  expenditure 
has  amounted  to  nearly  7,000/.,  and  that  the  whole 
sura  advanced  to  him  by  the  Government  is  3,000/. 
This  report  being  submiited  to  Govermnent,  a  fui'ther 
gi-aut  of  3,000/.  was  made  towards  the  completion 
of  the  machiue.  Difficidlits,  however,  of  another 
kind  arose.  The  oiunn .  i-  l,:|.  ;,,  December  1S30, 
amounting  to  nearly    ,    '   '     .  '  ii  delivered  in 

such  a  state  that  it  \  decide  how  far 

the  charges  were  ju^i  :ui>i  I.  ,  V..  .Mr.  J\laudslay, 
one  of  the  engmccrs  appuiiited  by  Government  to 
examine  lili-.  Clement's  biUs,  had  been  unable  from 
dluess  to  report  thereon.  An  advance  of  (>()(.)/.  was 
required  to  prevent  Mr.  Clement  from  discharging 
some  workmen  for  want  of  funds.  Tliis  was  repre- 
sented by  Mr.  Babbage  to  the  Chancellor  of  the 
Exchequer,  and  it  was  also  suggested,  (li.-ii  as  addi- 
tional space  was  required  for  ih.  (:ivil.  n  uf  ihc 
machine,   whether  it  would   i        <■    i  ii   iKs 

speed  in  completion  and  al-.i.  ;  ,  «    ■  i    |.iu- 

ditui-e,  to  remove  the  works  tu  Uil  ir  :^::  :,':  "'d  of 
Mr.  Babbage's  own  residence. 

A  committee  of  the  Boyal  Society  was  again  ap- 
pointed to  consider  and  report  on  ihoc  proposals. 
The  Committee  met  Mr.  Babljii^,  ;,•  X.  '■!].  l'ir;|H  ct 
Place,  Lambeth,  where  the  con' ,  .  ■■  ■  '  : '  >  uulne 
was  carried  on,  and  minutely  ill  ,  '  mcry 

and  drawings.  The  report  ^\:i'r,\  iImi  iI,  \,iiious 
parts  of  the  machine  had  been  executed  witli  the 
greatest  possible  degree  of  perfection,  and  that  the 
pains  taken  to  verify  the  charges  on  the  part  of  the 
Government  were  altogether  satisfactory.  It  was  also 
recommended  that  the  machinery  and  drawings  be 
removed  into  fire-proof  buildings  without  delay.  A 
plot  of  ground  held  on  lease  by  Mr.  Babbage,  ad- 
jacent to  his  garden  at  the  back  of  his  house  in 
Dorset  Street,  was  recommended  as  a  desirable  site 
for  the  contemplated  buildings,  of  which  the  plans 
and  erections  had  been  submitted  to  the  Committee. 
Mr.  Brunei  estunated  that  8,000/.  would  be  sufficient 
to  defray  the  expenses,  but  he  adnsed  the  sum  of 
12,000/.  to  be  provided  by  way  of  estimate,  and 
thought  that  the  yearly  sum  required,  exclusive  of 
the  simi  requisite  for  the  buildings  and  removal  (say 
2,000/.)  woidd  not  exceed  from  2,000/.  to  2,500/. 

This  estimate  was  approved  by  a  committee  of 
practical  engineers  appomted  by  Govermnent,  and  the 
recommendations  were  adopted.  A  fire-proof  building 
was  erected  on  the  proposed  site.  New  difficulties, 
however,  arose.  "When  about  17,000/.  had  been 
expended,  further  progress  was  arrested  on  account 
of  a  misunderstanding  with  Mr.  Clement,  who  made 
the  most  extravagant  demands  as  compensation  for 
carrying  on  the  construction  of  the  engme  in  the  new 
biuldings.  These  demands  could  not  be  satisfied 
with  proper  regard  to  the  justice  due  to  Government, 
ilr.  Clement  accordingly  withdrew  from  the  under- 
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Uikiiig,  and  carried  with  him  all  the  valuable  tools 
that  had  beea  used  in  the  work ;  a  proceeding  the 
more  unfortimate,  as  many  of  them  had  been  invented 
expressly  to  meet  the  unnsual  forms  and  combinations 
arising  out  of  the  novel  constructiou.'  An  offer 
was  made  to  surrender  the  tools  for  a  given  sura, 
which  was  declined,  and  the  works  came  to  a  stand- 
still. 

During  the  suspension  of  the  works,  j\Ii-.  Babbage 
had  been  deprived  of  the  use  of  his  own  drawings. 
In  the  meantime,  however,  having  again  considered 
the  general  principles  on  which  machmery  for  calcu- 
latiou  might  be  constructed,  a  principle  of  an  entirely 
new  kind  occurred  to  him,  the  power  of  wliich  over 
the  most  complicated  arithmetical  operations  seemed 
almost  unbounded.  Tliis  was  the  executing  of  ana- 
lytical operations  by  means  of  an  analytical  engine. 
in  May  1835,  Mr.  iiabbage,  miting  to  M.  Quetelet, 
says  that  for  six  months  he  had  been  engaged  in 
making  the  drawings  of  a  new  calculating  machine, 
of  far  greater  power  than  the  first.  "  I  am  myself 
astoniblu  il,"  >.(\  s  Air  ?.  !  'n^'r,  "at  the  power  I  have 
bocu  0111  i  ;(iachine:    a  year  ago,  I 

shoidd  iiiii    !!.;■     .  ,   iiiis  result  possible.     This 

machine  is  i;:;> n  i>  !  i  <  r  .;itaiu  a  himdred  variables, 
or  numbers  susceptible  of  clianging ;  and  each  of  these 
numbers  may  consist  of  twenty-five  figures.  The 
greatest  difficulties  of  the  invention  have  already  been 
surmounted,  and  the  plans  will  be  finished  in  a  few 
months." 

In  a  visit  to  Turin,  Mr.  Babbage  explained  to 
Baron  Phuia,  ^l.  Monabrca,  and  otlicrs,  the  mathe- 
matical iirin.'ii.L',  nt  !,i-  :,l,:l!^;:r,,l  n.^ir,  ;,  ,,|  :,'-„ 
tliedraui  i  ■  '  >    .:  ,     ■   ■     .' :    :ii:'  .••      ■.'..,.■   •   1 

which   il,  '  ■  ,  I      ,  \\ 

account  of  the  analytical  engine,  which  he  pulilishod 
in  tlie  -ll.st  volume  of  the  Bibliotheque  Universdle  de 
Ge/iece.  An  English  translation,  witli  copious  original 
notes,  made  by  Lady  Lovelace,  was  published  in  the 
3d  volume  of  Taylor's  Scientijic  Memoirs,  (London, 
1843.)  From  these  notes  the  following  passage  is 
selected  : — 

Engine,  ;      -  '     :  ,■  \    to 

cmiow  i„r,  :  .        ,   •,  -;    .-:.    ,,,:,,    ,,.   I,  .,.;,,  as 

of  abstract  algebra,  is  tlie  introduction  into  it  of  the 
principle  which  Jacquard  devised  for  regidating,  by 
means  of  punched  cards,  the  most  complicated  patterns 
i;i  the  fabrication  of  brocaded  stuffs.  It  is  in  this 
tliat  the  distinction  between  the  two  engines  lies. 
Nothing  of  the  sort  exists  in  the  Difference  Engine. 
We  may  say  most  aptly  that  the  Analytical  Engine 
weaves  algebraical  patterns,  just  as  the  Jacquard  loom 
weaves  flowers  and  leaves.     Here,  it 


resides  much  more  of  origimdity  than  the  Difference 
Engine  can  be  faii-ly  entitled  to  claim.  We  do  not 
wish  to  deny  to  this  latter  all  such  claims.  We 
believe  that  it  is  the  only  proposal  or  attempt  ever 
made  to  construct  a  calculating  machine  founded  on 
the  prmciplc  of  successive  orders  of  differences,  and 
capable  of  printing  off  its  own  results ;  and  that  this 
engine  surpasses  its  predecessors,  both  in  the  extent 
of  the  calculations  which  it  can  perform,  in  the  fa- 
cility, certainty,  and  accuracy  with  which  it  can  effect 
them,  and  in  the  absence  of  :!!  ni.  -;  y  for  tl'.e 
intervention  of  human  iateli,  ,,  ii  in:  iln'  per- 
formance of  its  caleulatiou;..  i  ,  '  'wcver, 
limited  to  the  strictly  arithmr.:  ,:,  ,1  i  ;:  1-  lar  from 
being  the  first  or  oidy  scheme  for  construct  iug  aritl;- 
metical  calculating  machines  with  more  or  les.s  of 

The  state  of  the  Analytical  Engine  at  tlie  time 
when  Mr.  Weld  wTote  his  account  (ISl-S)  was  as 
follows  : — "  Mechanical  notations  have  been  made, 
botli  of  the  actions  of  detached  parts  and  of  the 
general  action  of  the  whole,  which  cover  about  four 
or  five  hundred  large  folio  sheets  of  paper.  The 
original  rough  sketches  are  contained  in  about  five 
volumes.  There  are  upwards  of  one  hundred  large 
drawings.  No  part  of  the  construction  of  the  Ana- 
lytical Engine  has  yet  been  commenced.  A  long 
series  of  experiments  have,  however,  been  made  upon 
the  art  of  shaping  metals ;  and  the  tools  to  be  em- 
ployed for  that  pui'po.se  have  been  discussed,  and 
many  drawings  of  them  prepared.  The  great  object 
of  these  inquiries  and  experiments  is,  on  the  one 
liiiid,  by  simplifying  the  construction  as  mucli  as 
i'^ible,  and -on  the  other,  by  contriving  new  and 

I'  a|ier  means  of  execution,  xdtimatcly  to  reduce  tlic 
I  \iiriisc  within  those  lunits  which  a  private  individual 
may  command." 

Repeated  applications  to  Government  on  the  part 
of  Mr.  Babbage  produced  only  this  result : — that 
Government  abandoned  all  further  interference  and 
assistance  in  the  matter,  and  at  the  same  time  witli- 
drew  all  claim  to  the  macliine  as  at  present  con- 
structed, and  it  was  placed  at  the  entire  disposal  of 
IL-. Babbage.  Considering,  how. m  r,  )!.:,*  Ilir  mawings 
and  the  parts  of  the  maelii  >  '  d  were 

paid  for  by  the  public  mi iiK. ,     '      I  i.-elined 

to  accept  the  offer ;  and  it  1-  lh  1  l\  in  he  deplored 
that  no  further  steps  have  been  taken  to  carry  out 
a  scheme,  the  completion  of  which  must  be  regarded 
as  one  of  the  glorious  rcsidts  of  peaceful  progress. 

The  reader  who  is  desirous  of  further  information 
on  this  subject  wUl  do  well  to  consult  the  volume 
of  Taylor's  Scientific  Memoirs  ali-eady  referred  to. 
The  accomplished  author  of  the  translation  of  M. 
Menabrea's  memoii-  has  given  a  list  of  most  of  the 
printed  documents  connected  with  the  subject,  up  to 
the  year  1843.     [See  Appendix.] 

CALENDERING.  A  term  said  to  be  coiTupted 
from  eyliiidering,  and  signifying  the  finishing  process 
in  the  manufacture  of  cotton  or  linen  goods,  by  which 
they  are  passed  between  cylinders  or  rollers,  and  made 
of  a  level  and  uniform  surface.     When  such  go  xls 


have  been  blciched  and  wished  they  ue  generally 
entangled  and  twisted  so  is  ti  be  luifit  foi  passmg 
at  once  between  the  cylmleis  they  aie  theiefoie 
passed  ovei  the  surface  of  a  water  cistern  ki.pt 
constantly  f  J]  and  as  they  thub  make  then  way  to 
the  loUeis  they  unfold  and  aceommodite  the  us  1\  s 
to  the  watei  and  aie  piepared  as  effectual])  as  il  by 
hand  But  the  action  of  the  first  pair  of  roUcis  doo 
not  spiead  or  smooth  the  cloth  effectually  ucitl 
do^s  it  diy  it     it  has    theiefoie    to  be  pdled  o  t 
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loi  that  pnqose  m  the  siace  of  two  n  mutes 

itcc  lb  flora  ton  to  fifteen  nimutes  in  dijmg 

:    then   t  ausfeued   to  the    making  up   loom 

Lb  c  1  tl  0  liames    what 
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npught  fiame  the  lollcis  bcmg  foieed  togethci  bv 
levels  to  which  a  couoide  able  weight  is  attache  1  o 
by  mems  of  sciews  as  m  F  g  401  In  some  m  un-les 
the  bottom  lolleis  ate  gioo\cl  the  giooves  g  al  ally 
spreading  fiom  the  right  to  the  left  ou  eithci  s  k 
The  effect  of  this  is  to  lemove  creases  byspeadmg 
out  and  extending  the  cloth  as  it  passes  betwec  i 
them  Above  these  aie  thiee  smooth  roller'!  two 
of  wood  and  one  of  biass  ui  passmg  between  whicl 
the  snifice  is  equabzed,  anl  the  cloth  sti  etched  It 
is  then  wound  u[  ou  a  lollei   ready  to  be  staicbed 

The  staioh  used  in  calendeimg  is  made  fiom  flour 
deprived  of  gluten  by  fei mentation  in  water  m  the 
piopoition  of  a  pound  of  floui  to  a  gallon  of  watei 
The  -whole  is  j  assed  tluough  a  sio\e  aftei  fermenta 
tion  and  this  sepaiates  the  bian  The  flo  u  is  then 
boiled  and  a  small  quantity  of  mdigo  added  to  give 
it  a  blue  colour  after  which  more  water  is  added 
accoidmg  to  the  dcgiee  of  stiffness  to  be  given  to  the 
goods  This  bquid  is  frequently  thickened  with 
porce  am  clay  oi  calcmed  plaster  of  Pans  oi  both 
m  ordei  to  give  an  appeal ance  of  stiength  and  tbek 
cas  to  the  cloth  Tins  all  disappeais  as  soon  as  the 
goods  aie  washed  therefore  it  meiely  makes  tl  en 
mo  e  attractive  to  the  eye  of  the  puichasei  The 
1  ctiee  was  oiigmaUy  deceptive  but  it  can  scaiccly 
be  cilled  so  now  that  it  is  gcnciaUy  adoptel  anl  is 
jcifectly  well  known  to  the  greit  majouty  of  1  >eis 
ihe  method  of  applymg  the  starch  is  by  a  stifiLU 
mg  mangle  foimcd  of  lollors  of  biass  and  woo  1 
piesscd  togethci  by  leveis  the  piessure  bcmg  legu 
late  1  bj  the  quandly  of  staich  reqmied  to  be  kit  m 
the  mateual  The  st  uch  is  contained  m  a  tiougli 
into  which  a  loUer  dip  and  the  cloth  in  passmg 
under  this  loUer  becomes  filled  with  staich  the 
siieilluons  part  of  wh  eh  is  picsscd  out  again  bv 
the  nppei  lollers  and  falls  back  mto  the  tiough  The 
ne\t  opeiation  is  diymg  wh  ch  m  the  moie  substau 
t  al  goods  IS  effected  by  \ assiug  the  goods  over  1  u^e 
tinned  uon  o'  coppei  cyaiidcis  Eig  399  heated  by 
1  c  ig  fiUcd  with  steam  but  foi  niuslms  the  piocess 
mciely  consists  of  stietching  out  the  material  un 
long  fumes  m  a  warm  rooii  This  lb  done  w  th 
such  celeiity  th-'t  two  young  woiien  can  stietch 
a  piece  twenty  five  yards  long  and  fasten  it  to 
the  frame  by  piessmg  down  mmieious  clamps  pre- 
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stretched  the  two  long  siles  of  the  fiame  aie 
made  to  work  backwards  anl  foiwaids  m  oppos  te 
dii  cctions  giving  the  nin=liii  a  d  agonal  motion  which 
IS  continued  till  it  is  quite  diy  The  effect  of  this 
IS  to  remove  tne  haish  and  stiff  aneaiance  whien 
the  staich  would  otheiwise  pioduce  and  to  make  the 
mushn  very  cleai  and  elastic  It  has  m  fact  the 
same  effect  as  the  beating  anl  clapping  of  muslin 
articles  by  the  laundicsb  m  what  is  called  clear 
staiching 

The  finish  foi  cotton  ,oodb  often  consists  ot  a 
gldzmg  which  IS  chstmctvely  anl  especially  known 
as  calendeimg  and  wh  ch  gives  abiight  and  beautiful 
gloss  to  the  mateual     B  it  this  i    ist  hist  be  damped 


by  1  a       "•    lowl    ov  i  tl  l  i 
c/ii  le  contauung  a  cu  ulai  bi 
as  they  rapidly  rcvoh  e   just  t — „ 
watei,  and  dash  up  a  cloud  of  fine 


1  J  01  dcgjng  na 
111  Diusi  tl  t  pomtb  of  whicn 
just  toucn  the  suiface  of  thi. 
«,.,!  ^p  fi»n  spiay  agamst  the 
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cloth.  This  being  completed  and  the  whole  of  the 
cloth  uniformly  dimped,  it  now  passes  to  the  calen 
dermg  machine,  a  number  of  rollers  cont-uned  in 
a  massive  frame  woik  The  lolleis  are  connected 
with  a  long  levei  loaded  with  \^  eights  at  the  fuither 
extremity,  by  which,  oi  b)  means  of  sciews  is  m 
Fig.  401,  almost  any  nmoimt  of  foico  nny  he  ob 
tabled,  and  the  surlace  texture  of  the  cloth  varied 
at  pleasure.  With  consideiable  piessuie  between 
smooth  rolleis,  a  soft  and  silky  lustie  ib  given  by 
the  equal  flattenmg  of  all  the  threads  By  passing 
two  folds  at  the  same  tune  between  the  loUeis  the 
thicachi  of  one  make  an  unpression  on  the  othei,  and 
ijive  a  wiry  appeal ance  with  hollows  between  the 


a  veiy  damp  state  through  the  calender  with  hot  or 
cold  rollers,  plam  oi  mdented  and  sometunes  with 
a  shght  lateial  motion  The  roller  is  heated  by  the 
it  of  a  led  hot  rvlmder     One  of  these 


tliicaub  Tlus  may  be  vaned  at  pleasure  It  wJl 
bo  taken  for  gianted  by  those  who  have  ne\cr  wit 
iiobsed  the  operations,  that  the  rolleis  are  all  of  iron 
but  this  is  not  the  case,  they  a  e  of  cast  iron,  wood, 
paper,  or  calico,  according  to  the  uses  for  which  they 
are  designed.  Great  care  is  taken  in  the  construction 
of  the  rollers,  whatever  the  material,  and  those  of 
paper  are  far  from  being  so  fragile  as  the  nature  of 
the  substance  would  seem  to  imply,  for  they  are  in 
fact  a  mass  of  circular  disks  of  pasteboard,  threaded 
upon  a  square  bar  of  wi-ought  iron,  and  secured  by 
u-on  disks  at  each  end.  These  disks  are  screwed 
down  tightly  together,  making  a  solid  cylinder, 
which  is  placed  in  a  stove  and  kept  at  a  high  tem- 
perature for  several  days  to  di-ive  off  all  moisture, 
when  the  screws  are  tightened  and  the  cylinder 
becomes  remarkably  dense  and  hard,  so  much  so 
that,  in  being  finished  at  a  turning-lathe,  it  blunts 
all  the  tools  employed,  and  requires  two  men  to  be 
kept  constantly  at  work  sharpening  them.  Copper 
embossed  rollers  are  also  kept  in  great  variety  for 
producing  figures  and  patterns  on  velvet  goods.  The 
water  surface  is  produced  by  passmg  the  goods  in 


Fig.  402.  From  the 
neat  wei  lit  of  calcuderiiifc  macliines  it  is  necessary 
that  f'ic\  '•hould  be  fixed  ou  the  basement  floor.  After 
tJio  cloth  has  received  its  final  gloss  at  these  ma- 
chines, it  IS  smoothly  folded  on  a  clean  board,  and 
taken  to  the  making-up  room  to  be  measured  pre- 
paratory to  bemg  rolled  or  folded  for  sale. 

The  calenderer  usually  undertakes  many  of  the 
operations  of  packing,  sheeting,  and  preparing  goods 
for  shipment  In  order  to  suit  the  great  extent  and 
variety  of  manufacture  in  this  country,  and  to  adapt 
goods  to  the  tastes  or  prejudices  of  an  extensive  range 
of  customeis,  a  multiplicity  of  foldings  or  lappings  has 
lieen  adopted  The  objects  proposed  to  be  attained 
thereby  appear  to  have  been,  1.  To  preserve  effectu- 
ally the  dressed  surface  of  the  goods  from  acute 
creases;  2.  To  unitate  the  external  appearance  of 
some  descriptions  of  foreign  goods ;  3.  To  impart  a 
peculiar  external  appearance  to  British  goods, — an 
object  which  was  fui-ther  secured  by  stamping  the 
words  "  British  Manufacture  "  on  the  ends  of  the 
pieces,  to  show  that  they  are  home-made.  In  Irish 
cambrics  and  linens,  a  foreign  fold  has  been  adopted ; 
the  French  flax,  from  superiority  of  climate  and  other 
causes,  leading  to  the  production  of  a  superior  fabric. 
Irish  cambrics  are  therefore  folded  so  as  to  imitate  the 
Fi-ench  fold.  The  pieces,  after  being  folded  into  lengths 
of  about  12  inches,  and  twice  laterally  doubled,  until 
the  whole  breadth  of  34  inches  is  reduced  to  about  85 
inches,  are  powerfully  compressed,  until  fully  flattened. 
They  are  then  packed  in  purple-coloured  wrappers 
or  papers,  and  a  small  engraved  card  or  ticket  is 
attached  to  each  piece,  stating  the  length,  which  is 
generally  8   or   8^  yards.     As  the   importation  of 
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manufactured  cambrics  was  illegal,  the  cards,  in  real 
French  cambrics,  were  attached  by  a  silken  string, 
so  as  to  be  easily  cut  away,  to  avoid  seizure.  The 
same  method  was  adopted  with  the  Irish  goods ;  and 
such  is  the  unreasoning  preference  of  many  persons 
for  goods  of  foreign  manufacture,  that  cotton  cam- 
brics, essentially  of  British  manufacture,  came  to  be 
folded,  papered,  and  ticketed,  in  precisely  the  same 

In  linens,  hollands,  and  sheetings,  and  also  in 
cotton  shirtings  and  sheetings,  the  foreign  fold  is  that 
of  a  cylindi-ie  roll,  somewhat  flattened  by  subsequent 
compression,  for  tlio  purpose  of  safety  to  the  goods, 
and  diminution  in  space  iu  carriage.  The  Ksh  and 
British  linens,  &c.,  are  made  up  in  the  same  manner. 

Cotton  prints,  and  the  extensive  varieties  of  cotton 
cloths  of  British  mauufactm-e,  are  also  lapped  in 
imitation  of  the  rude  Indian  mctliod  practised  in 
Hindostan  long  before  the  art  of  calico-printing  was 
known  to  us.  The  method  is,  to  double  a  piece  of 
20  yards,  to  reduce  its  length  to  10  yards,  which  by 
again  doubling  is  reduced  to  5  ;  and  in  this  way  they 
continue  to  redouble  until  the  piece  is  reduced  to  a 
moderate  length,  capable  of  l)eing  packed  in  a  chest 

British  muslins  are  usually  folded  to  a  yard  iu  length, 
with  a  small  allowance  for  extra  measure  the  foldmg 
is  alternately  from  right  to  left,  so  that  cvciy  part 
can  be  opened  and  examined  with  ease  hke  tlie 
leaves  of  a  book,  before  it  is  cut  open  The  piece 
when  folded,  is  reduced  by  doubling  it  lengthwise  to 
about  19  inches,  and  it  is  then  folded  aeioss  the 
breadth  of  about  13  inches.  An  oidmaiy  sized  tiunk 
39x19  inches,  thus  contains  three  layeis  of  pieces 
and  it  is  stated  that,  in  the  colonies  trunks  of  this 
kind  are  as  much  iu  demand  as  the  muslms  contained 
iu  them.  "  Even  the  Indian  ornaments  of  gdt  sdver 
threads,  which  were  at  first  woven  mto  one  end  of 
each  piece,  although  they  did  not  exceed  the  value  of 
twopence  eacli,  have  been  cither  greatly  cuitadcd  oi 
totally  given  up,  upon  principles  of  economy  Lvcn  | 
the  cost  of  this  trivial  ornament  has  been  computed 
to  have  amounted  aimually  in  Glasgow  and  Paisley  to 
about  30,000/."  ' 

Some  kinds  of  handkerchiefs  are  folded  m  dozens  , 
but  for  the  African  and  a  few  other  maikets  they  are 
made  up  in  pieces  containing  only  ei^^ht  handkei  chiefs 
Indeed,  so  suocessfid  have  been  the  imitati  ii  rf 
Indian  and  othei  foieign  goods,  in  tt\t 
finishmg    and  m  the  p    1 


the  boy  holds  its  extremity  down  at  a  line  di-awii  on 
the  table,  while  the  man  at  his  end  marks  a  length  of 
a  certain  number  of  yards,  usually  about  five,  with  a 
piece  of  red  or  white  chalk,  according  to  the  coloiu- 
of  the  goods,  the  red  being  used  for  white  stuffs. 
The  boy  then  draws  the  cloth  towards  him,  untU  the 
chalk-mark  comes  opposite  to  the  bne  on  the  table,  wlieu 
lie  stops  :  the  man  then  makes  a  second  mark ;  the 
boy  di-aws  the  length  towards  him  until  this  mark 
arrives  at  the  line,  when  tlio  man  repeats  the  mai-k, 
and  so  on  uut.il  the  proper  length  for  a  piece  of  goods 
is  rim  off.  Goods  for  the  foreign  market  are  measured 
by  what  is  called  short  slick  ;  those  for  the  homo 
market  by  luiiff  stick.  In  short  stick,  the  yard  is  made 
to  consist  of  "  35  inches  and  a  thumb,"  which  is,  iu 
fact,  3G  iuohos,  the  usual leugtli  of  the  yard,  or  it  may 
lie  a  trifle  more.  Iu  long  .stick,  the  yard  contains 
"  36  inches  and  a  thumb,"  which  is  equivalent  to  37 
inclies.  There  is  also  middle  slick,  containing  "  35  J 
iuches  and  a  thimib "  to  the  yard,  and  this  is  equal 
to  365  mches 

The  measm-ing-table  is  used  chiefly  for  goods  that 
made  up  iuto  rolls  :  when  made  up  in  folds,  the 


,  Eig.  Wi,  i 


last  nees  '. 
house,  as 

At  Mr 
chcstci,  tl  I 


cl  f 


ilkgally  impnil  d    ni 

i  ung  woiks  at  Man 
1  picpaiatoiy  to  licmg 
ippcd  01  tolded,  eithu  at  a  long  table  01  it  the 
hooking  fiame  The  measurmg  table  is  a  long  smooth 
plank,  mth  a  scale  of  mches,  feet  and  jauls  marked 
at  the  side.  A  man  stands  at  cue  end  of  the  table 
with  the  goods  to  be  measm-ed,  and  there  is  a  boy  at 
the  other  end.     A  length  of  cloth  being  spiead  out 


into  inches  and  put's  supj  li     1 

and  capable  of  being  laisi  1  '  At 

one  cxtiemity  of  the  b  11  is  i  1 1  ,  ^  1  i  H  ^^hIch 
li  fi\td  a  second  needle  attichtd  to  an  iion  shdc 
c  m  be  mo^  ed  along  f  h^^  bai  and  fixed  at  any  point 
In  mcms  of  a  scicw  The  length  of  the  yaid  vanes 
<  li  I  il  mg  fiamo  as  at  the  measmmg  t  ible  This 
'1 1 1  mgdcteimmedfoi  the  goods  to  be  measured, 
1  hen  who  act  as  hookers  hang  the  cloth  in 
I  il  1  folds  upon  the  hooks  until  a  sufliciont 
qii  ml  it  Y  IS  collected  to  form  a  piece  which  is  then 
cut  off  and  lemoved  to  be  undo  up 

Theie  aie  upwaids  of  a  hundied  difftrtnt  method": 
of  makmg  up  goods  and  each  method  has  its  own 
pai  ticulai  name  such  as  the  falling  lap  the  Wigan 
way  the  cloth  way,  the  Preston  way  &c  Muslin  as 
already  noticed  is  made  up  in  hool  fuUh  m  pieces  of 
21  yards  but  usually  t\io  hall  pieces  called  demis 
arc  made  up  m  one  book  ii  ith  yellow  papci  nnd  r 
the  first  fold  to  show  the  pattem  aud  the  coineis 
aie  seemed  with  vaucgited  silk  Ihiead       riekct.5 
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containing  various  devices  in  gold  or  bronze,  upon 
a  blue  or  red  groimd,  are  pasted  upon  each  piece, 
varying  according  to  the  market.  Some  of  these 
tickets  are  of  large  size,  and  very  costly;  those 
printed  in  gold  varying  froin  16s.  to  25i.  per  100, 
•while  the  common  forms  of  labels  may  be  had  for  2*. 
per  1,000.  The  devices  on  these  tickets  are  as  various 
as  their  appearance :  they  may  contain  the  name,  or 
the  crc't,  or  the  coat  of  anus  of  some  Portuguese  or 
C  1 1  •  •  -1'  "'*^  f'l'  mottoes  in  various  languages  of 
1  '  I '     I     t,  naming  the  goods,  or  assigning 

nil's  to  them.' 
V  u  n    I  .lii  lulermg  would  not  be  complete 

wilhiiiit  ,1  di  scuption  of  tlie  common  domestic  mangle. 
This,  though  very  iuferior  to  the  machines  described 
above,  is  yet  a  useful  means  of  improving  the  surface  of 
liucu,  and  approaches  in  its  rcsidts  the  more  perfect 
operations  of  the  calendering  machine.  It  is  simply  an 
oblong  wooden  chest  filled  with  stones,  resting  upon 
two  cylinders  which  roll  backwards  and  forwards  over 
the  linen,  spread  upon  a  polished  table  beneath. 
Formerly  the  chest  was  moved  by  means  of  a  handle 
attached  to  an  upper  roller  or  windlass,  to  which 
straps  from  each  end  of  the  chest  were  attached. 
In  this  case  the  linen  was  wrapped  round  the  cylin- 
ders, and  the  motion  of  the  chest  had  frequently  to 
be  arrested  and  changed.  This  was  laborious  work, 
and  it  was  a  valuable  improvement  when  a  continuous 
motion  of  the  handle  in  one  dii-ection  would  effect 
the  object,  and  when  a  fly-wheel  was  added  to 
equalise  the  motion.  This  was  first  done  by  Mr. 
Baker  of  Fore  Street,  London,  whose  plan  was  sub- 
sequently improved  upon  by  Mr.  Elisha  Peechey, 
who  received  a  silver  med;d  from  the  Society  of  Arts 
on  account  of  it  in  1S23.  His  mangle  is  represented 
in  Fig.  401.    r  r  is  a  frame  of  cast-iron  with  cross 


pieces  and  bridges  to  support  the  handle ;  p  the  cast- 
ii'on  bo.x,  filled  with  large  stones  and  gravel  to  give 
it  weight ;  R,  the  rack,  which  is  made  to  move  up 
and  down  at  each  end  in  projecting  grooves  or  slit 
pieces,  as  represented  at  s,  and  attached  to  vertical 
plates  v  Y  rising  from  the  box.     This  rack 


metal  bar,  with  a  row  of  pegs  along  the  middle  of 
one  side ;  and  parallel  with  the  line  of  these  pegs 
projects  a  deep  margin,  intended  to  confine  a  pinion 
to  its  hold  upon  the  pins  while  moving  the  rack 
backwards  and  forwards,  by  acting  successively  on 
each  side  of  the  series  of  pins,  ii  is  the  handle,  and 
w  the  fly-wheel  fixed  on  the  opposite  end  of  the  arch 
adjouiing  the  centre  of  the  fly-wheel,  which,  aetmg 
upon  a  circle  of  cogs,  gives  revolution  to  the  pinion 
which  carries  the  rack,  and  the  upper  part  of  which 
is  seen  in  the  figure ;  p  p  are  two  iron  prongs,  cither  of 
which,  on  being  turned  down,  lifts  up  and  sustains  the 
mangle-box  when  the  rollers  ll  are  to  bo  taken  out. 
Fig.  405,  will  show  the  maimer  in  which  tlie  rack 


is  balanced  so  as  to  produce  the  reciprocating  motion. 
The  rack  being  attached  by  each  end  to  the  connected 
levers,  and  counterpoised  by  the  weights  inside  the 
mangle-box,  the  pinion  traverses  the  row  of  pegs  along 
the  middle.  When  the  pinion  by  the  movement  of  the 
rack  from  right  to  left  passes  round  the  endmost 
peg,  the  rack  will  he  lifted  up,  the  weights  in  the 
box  will  sink,  and  the  course  of  the  pinion  mil  be 
along  the  under  side  of  the  rack,  until,  on  arriving 
at  the  last  pm  of  the  opposite  end,  the  rack  will 
again  suik,  the  counterpoise  rise  to  its  present 
position,  and  the  motion  of  the  box  be  reversed  with 
every  alternation  of  the  rack. 

Various  other  patents  have  been  taken  out  from 
time  to  time,  several  of  which  have  been  for  vertical 
mangles,  but  although  these  occupy  much  less  space 
than  the  common  horizontal  kind,  yet  they  have 
never  been  in  equal  favour.  Wilkinson's,  otherwise 
known  as  BuUman's  Cabinet  Mangle,  is  one  of  the 
most  eflieient  of  the  vertical  kmd. 

CALICO,      See  Cotton. 

CALICO-PRINTING.  The  art  of  producing  a 
coloured  pattern  on  cloth  by  the  application  of 
coloui'hig  substances  appears  to  be  of  great  antiquity. 
Homer  notices  the  variegated  luien  cloths  of  Sidon  as 
magnificent  productions,  and  Herodotus  says  that 
the  mhabitants  of  Caucasus  adorned  theii-  garments 
with  figures  of  animals,  by  means  of  an  infusion 
of  the  leaves  of  a  tree,  and  that  the  colours  thus 
obtained  were  durable.  Pliny's  description  of  the 
art  as  practised  by  the  ancient  Egyptians,  is  almost 
identical  with  the  modem  processes.  He  says:— 
"They  take  white  cloths,  and  apply  to  them  not 
coloui's,  but  certain  drugs  which  have  the  power  of 
absorbing  or  drinking  in  colour ;  and  in  the  cloth  so 
operated  on,  there  is  not  the  smallest  appearance  of 
any  dye  or  tincture.  These  cloths  are  then  put  into 
a  cauldron  of  some  colouring  matter,  scalding  hot, 
and  after  having  remained  a  time,  are  withdrawn  all 
stained  and  painted  in  various  colours.  This  Ls, 
indeed,  a  wonderful  process,  seeing  that  there  is  in 
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the  said  cauldi'on  ouly  one  kind  of  colouriuj^  ma- 
terial; j'et  from  it  tlie  cloth  acquires  tliis  and  that 
colonr,  and  the  bnilin!:;  liquor  itsrlf  also  changes  ac- 

v  I  ui  the  -^iliite 

\(abhmg.  It  tlio  traklmg  bqiua  ^^(•lc  composed  of 
various  tiuotui-es  and  colours,  it  would  doubtless  have 
compounded  them  all  in  one  on  the  cloth ;  but  here 
one  Kquor  gives  a  variety  of  colours  according  to  the 
drugs  previously  applied.  The  colom-s  of  the  clotlis 
thus  prepared  are  always  more  firm  and  durcdile  than 
if  the  cloths  were  not  dipped  into  the  boding 
cauldron."  In  India  the  ait  of  calico-printing  has 
oecu  jiraotibcd  for  ages,  and  it  derives  its  English 
name  from  Culicitl,  a  town  in  the  province  of  Ma- 
labar, where  it  was  formerly  carried  on  extensively 
The  large  cotton  cliintz  counterpanes,  called  pu'- 
lampoors,  which  from  an  early  period  have  been  mail. 
in  the  East  Lulics,  are  prepared  by  placing  on  tl» 
cloth  a  pattern  of  wax,  and  dyeing  the  parts  not  su 
protected.  Cortez  noticed  in  Mexico  that  ths  inha- 
bitants wore  garments  ornamented  with  coloured 
figures.     The  Nuilli  Amciican  Indians  have  also  been 


culourec 


of  applying  different 

:iscd  in  Asia 
es  before  its 
11  the  close  of 


Minor  and  I'h     I     ,    m  i 

introduction  to  Europe  It 
the  seventeenth  or  tlie  beginning  of  the  eighteenth 
century  that  Augsburg  became  celebrated  for  its 
printed  cottons  and  linens,  and  that  city  was  long  a 
school  for  the  manufacturers  of  Alsace  and  Switzer- 
land. The  art  was  introduced  into  England,  about 
the  year  1070,  by  a  Frenchman,  \\lio  (st.iblishpd 
works  on  the  banks  of  the  Tin  m  i  i  1  '  ud 
More  extensive  works  were  c M  i  i    il 

Bromley  Hall,  in  Essex.     AIjmi  i   die 

calico-printers  were   unexpccl.<ll      1    i       -  1  .m 

act  passed  at  the  urgent  solicitation  of  the  silk  and 
woollen  weavers,  to  prohibit  the  importation  of 
chintzes  from  India;  whereupon  several  print-works 
were  established  in  Suirey  for  the  purpose  of  sup- 
plying imitations  of  these  goods,  which,  as  the  silk 
and  woollen  weavers  declared,  had  prevented  their 
trades  fiom  thriving.  The  chintzes  were  produced 
by  printing  white  Inilian  calicoes,  the  impoit  i  f 
which  was  still  allowed  on  payment  of  a  duty.  I 
1712,  a  duty  of  3(/.  per  square  yaid  Mas  imposed  dH 
tills  printed  caUco,  which  t\^o  years  after  wa- 
doubled;  but  as  the  impoitation  of  \\hite  calico  was 
scarcely  checked  by  these  harsh  and  unwise  measures, 
the  clamours  of  the  silk  and  woollen  weavers  became 
louder,  and  the  Government  actually  passed  an  act 
prohibiting  the  wearing  of  all  piinfed  calico,  under  a 
penalty  ol  5/.  for  each  offence  on  the  part  of  the 
wearer,  and  of  20/.  on  the  seller."  In  consequence 
of   this   law,   the  operations   of    tlie  printer  were 


confined  to  the  printing  of  linen  until  tlir  ytai  1730, 
when  calico  was  again  allo\^cd  to  be  jniutcd,  pro\'ided 
the  warp  was  of  linen,  and  the  weft  onl_^  of  cotton ;  and 
even  then  it  was  subject  to  a  duty  of  Of/,  per  squ.arc 
yard.  With  such  impediments  the  process  of  the 
art  was  of  coui-se  slow.  In  tlic  midcUo  of  the  last 
century  only  50,onn  pKccb  of  flio  iiii\ed  cloth  weie 


prm- 


li  ye. 


'\  ill  turn  out  s 


present  t 

oreiglittimesfl.il  <  i       i  mrse  of  a  year. 

About  the  year  i;.  i,  .  i  Ail.,  ii_,lit's  machinery 
was  producing  caLco  \Mtli  suth  wonderful  facility, 
the  legislature  repealed  the  unjust  law  which  pro- 
hibited the  wniiiig  of  piinted  calico  made  entirely 
of  cdIIiim    1  M     '      I  1 1 1',  upon  it  a  duty  of  3c?. 

per  squ  .  laised  in  ISOO  to  'Aid. 

As   I  I  111   cottons  formed  an  im- 

poit iiii  ili  luMily  all  classes  of  the 

,1  cuntlnuaucc  of 
I  1  haiiKhip,  and 
piovc  the  ait. 
.Unuu.^i,  lU  iLtuil  u-  uu  ilitamid  from  this 
souico  v.as  but  small,  after  deducling  di-awbacks  on 
exports,  and  the  expenses  of  coUeotion.  Thus  in 
the  year  1S30,  a  revenue  of  2,280,000/.  was  levied 
on  8,590,000  pieces,  of  which,  however,  about  three- 
fourths  were  exported  with  a  drawback  of  1,, 570,000/ , 
and  deducting  the  expenses  of  collection,  the  sum  of 
350,000/.  only  found  its  way  into  the  exchequer.  In 
the  year  1831,  the  duty  was  wholly  repealed,  to  the 
great  advantage  both  of  manufacturer  and  ennsumer; 
and  since  that  time  the  art  has  been  cauied  to  a 
wonderful  state  of  perfection,  botli  chcmieally  and 
mechanically.  Printed  goods  which  half  a  century 
ago  were  sold  for  2i.  3«/.  per  yard,  may  now  be  had 
for  M.  or  less ;  and  a  cotton  print,  sufficient  for  a 
complete  dress,  may  be  had  for  3?.  or  Av.,  or  less. 
It  is  stated  by  Mr.  M'Cidloch,  as  an  example  of  the 
prodigious  increase  of  calico-printing,  that  in  1829, 
before  the  abolition  of  the  duty,  89,802,433  yards  of 
all  descriptions  of  printed  goods  were  exported; 
whereas  in  1811,  there  were  exported  of  printed 
cottons  alone  329,240,892  yards,  of  the  declared  value 
of  7,772,735/. 

The  object  of  calico-printing  is  to  apply  one  or 
more  colours  to  paiticular  parts  of  cloth,  so  as  to  re- 
pirbi  lit  a  dibtinet  pattern,  and  the  beauty  of  a  print 
il  111  Ml  11  ('  .111.  of  the  pattern,  and  the 
'     I  I  .1    the   coloui's.     The   pro- 

ililc  to  linen,  silk,  worsted, 
I   ,1  i  II  lih    i_li  they  are  usually  referred 

There  are  various  methods  of  calico-printing,  the 
simplest  of  which  is  block-printing  by  hand,  in  which 
the  pattern  or  a  portion  thereof  is  cngra\ed  in  iclicf 
upon  the  face  of  a  block  of 
sycamore,  hoUy,  i 
tree  wood,  backed  with 
deal,  and  fiu'iiished  with  a 
strong  handle  of  box-wood. 
The  block.  Fig.  400,  a 
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some  cases  tie  pattcni  is  formed  by  the.  insertion 
into  the  block  of  narrow  strijis  of  flattened  copper, 
the  interstices  beiug  fUled  with  felt.  This  gives 
a  very  distinct  impression.  The  block  is  charged 
with  colour  by  pressing  it  upon  a  surface  of  woollen 
cloth  stretched  tightly  over  a  wooden  drum.  This, 
which  is  called  the  sieve,  is  made  to  float  in  a  tub 
of  size  or  thick  varnish,  for  the  purpose  of  giving 
it  elasticity.  The  sieve  is  covered  with  the  coloui-- 
in"  matter  by  a  child  called  the  tearer,  (probably 
from  the  French  iireia;)  who  takes  up  with  a  brush  a 
small  quantity  of  the  colour  from  a  pot,  and  spreads 
it  uniformly  over  the  surface  of  the  sieve,  and  every 
time  that  the  man  presses  his  block  upon  the  sieve  in 
order  to  charge  it  with  colour,  it  is  the  duty  of  the 
tearer  to  brush  over  the  woollen  surface  in  order  to 
erase  the  mark  of  the  block,  for  if  this  were  not  done, 
the  block  woidd  not  bo  equally  charged  with  colour. 

Tlie  calico  having  been  prepared  for  printing  by 
sinyeiiy,  UeacUng,  and  calendaring,  [see  BLEACmNG 
and  Calesdeking,]  a  number  of  pieces  are  stitched 
end  to  end,  and  lapped  round  a  roller,  or  arranged  in 
folds  in  the  printing  shop,  which  is  a  well  lighted 
apartment,  the  aii-  of  which  is  kept  warm  in  order  to 
dry  the  colours  soon  after  they  are  applied,  for  which 
purpose  the  cloth  is  passed  over  hanging  rollers,  so 
as  to  expose  a  large  surface.     The  printing  table  is 


or  flagstone,  or  any  material  capable  of  forming  a 
fiat  hard  surface.  This  table  is  covered  with  a 
blanket,  upon  which  the  calico  is  spread,  and  the 
block  being  charged  with  colour  as  above  described, 
the  man  applies  it  to  the  cloth  in  the  exact  spot  re- 
quired, and  in  some  cases  sti'ikes  it  on  the  back  with 
a  wooden  mallet,  in  order  to  transfer  the  impression 
fuUy.  Thus  by  repeated  applications  of  the  block, 
a  pattern  is  produced  in  one  coloui-.  Care  is  requii-ed 
to  place  the  block  in  the  e.\act  spot,  so  as  to  make 
one  unpression  ciactly  join  or  fit  in  with  the  previous 
impression,  and  for  this  purpose  the  block  is  furnished 
with  small  pins  at  the  comers,  which  make  holes  in 
the  cloth,  and  serve  as  a  guide  to  the  printer.  If 
the  pattern  contain  three  or  more  eoloiu-s  there  must 
be  as  many  blocks,  all  of  equal  size,  the  raised  portions 
in  one,  which  take  up  colour,  con-espondmg  with  de- 


pressed portions  in  the  others  which  do  not  take  up 
colour.  In  order  therefore  to  print  a  piece  of  cloth 
28  yards  long,  and  30  inches  broad,  with  three  blocks, 
each  measuring  9  inches  by  5,  there  must  bs  G72 
appHeations  of  each.'  But  if  the  design  consist  of 
parallel  stripes  of  different  coloui-s,  they  may  bs 
applied  with  one  block  at  a  single  application  on  the 
same  part  of  the  clotli,  by  an-anging  the  colom-s  in 
small  tin  troughs,  and  transferring  a  portion  from 
them  to  the  sieve  by  means  of  a  small  wire  brash, 
and  tlie  colour  is  t'nen  distributed  evenly  in  stripes 
over  the  surface  by  a  roUer  covered  with  woollen 
cloth.  In  those  patterns  in  which  the  colours  are 
blended  into  one  another  at  the  edges,  in  what  is 
called  the  raiiiloto  style,  they  are  fii-st  blended  by  a 
brash  on  the  sieve  before  beii'-g  taken  up  by  the 
block.  Stereotyping  has  been  applied  to  the  pro- 
duction of  printuig  blocks.  A  small  mould  is  pro- 
duced from  a  model  of  the  pattern,  and  copies  arc 
then  made  by  poui-ing  fusible  metal  into  it.  [See 
Bismuth.]  A  number  of  these  plates  are  jomed 
together,  and  mounted  in  a  stout  piece  of  wood,  and 
thus  form  a  prmting-block. 

A  macliiiie  called  the  Perroiine,  m  honour  of  its 
inventor  M.  Perrot  of  Rouen,  is  in  use  in  France 
and  Belgium  as  a  substitute  for  hand-block  printing. 
It  is  thus  described  by  Dr.  Ure : — "  Three  wooden 
blocks,  from  i\  to  3  feet  long,  according  to  the 
breadth  of  the  cloth,  and  from  2  to  5  inches  broad, 
faced  with  pear-tree  wood,  engraved  in  relief,  are 
mounted  in  a  powerful  cast-iron  frame-woik,  with 
their  planes  at  right  angles  to  each  other,  so  that 
each  of  them  may,  in  succession,  be  brought  to  bear 
upon  the  face,  top,  and  back,  of  a  square  prism  of 
ii-on  covered  with  cloth,  and  fitted  to  revolve  upon 
an  axis  between  the  said  blocks.  The  calico  passes 
between  the  prism  and  the  engraved  blocks,  and 
leccives  successive  impressions  from  them  as  it  is 
successively  drawn  through  by  a  winding  cylinder. 
The  blocks  are  pressed  agamst  the  calico  through 
the  agency  of  springs,  which  imitate  the  elastic 
prcssui-e  of  the  workman's  hand.  Each  block  re- 
ceives a  coat  of  coloured  paste  from  a  woollen  sur- 
face, smeared  ufter  every  contact  with  a  mechanical 
brush.  One  man  with  one  or  two  children  for  super- 
intending the  colour-giving  surfaces,  can  turn  off 
about  30  pieces  English  per  day,  in  three  colours, 
which  is  the  work  of  fuUy  20  men  and  20  children 
in  block  printing  by  hand."  > 

Copper-plate  printing  similar  to  that  used  in  the 
production  of  engravings  has  also  been  applied  to 
calico-printing,  but  the  perfection  to  which  cylinder- 
printing,  next  to  be  described,  has  been  brought, 
rendered  the  extension  of  this  method  unnecessary. 

The  invention  of  cylinder  or  roller-printing,  is  the 
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greatest  actuevement  that  has  been  made  iii  the  art, 
producuig  results  which  are  truly  extraordinary : 
a  length  of  calico  equal  to  one  mUe  can  by  this 
method  be  printed  oif  with  four  different  colours  in 
one  hour,  and  more  accurately  and  with  better  effect 
than  block  printing  by  hand.  One  cylinder  machine, 
attended  by  one  man,  can  perform  as  much  work  in 
the  same  time  as  100  men  attended  by  100  fearers. 
The  effect  of  this  beautiful  machine  has  been  greatly 
to  cheapen  cotton  prmts,  and  to  create  an  enormous 
demand  for  them,  both  for  the  home  and  the  export 
trade,  so  that  while  apparently  superseding  labour 
in  one  direction  it  creates  a  demand  for  it  in  all 

The  invention  of  this  macliiii    i      iinlmi.  li 
persons  who  had  no  co)mexi>iii 
one  is  a  Scotchman  named  I'm  ii 
1785  practised  at  MonseyntJi  I'n    i  >  i ,  i '  „       .i  , 
named  Oberkampf,  a  calico  priuti.r  at  Jouy  in  i'lancc. 


colour  scraped  off  shall  fall  back  into  the  trough  i. 
Each  engraved  cylinder  is  usually  proviled  with 
two  doctors,  one  called  the  coh/o-  dortor,  d,  and  the 
other  the  lint  doctor,  d'.  The  object  of  the  latter  is 
to  remove  the  fibres  whieli  the  roller  acquires  from 
the  calico.  Doctors  are  made  of  gun-metal,  bronze, 
brass  and  ii-on  alloys,  as  well  as  of  steel,  that  metal 
bemg  used  which  is  least  acted  on  by  the  colouring 
materials  and  mordants  used  in  the  troughs. 


We  will  cndcavoi 


witli  the 


'i 


against  two  other  cylinders  d  ande:  the  cylinder  f  h 
covered  with  woollen  cloth,  and  dips  info  a  trcj^li  ,, 
containing  the  eolourmg  matter  properly  tliirl-,nu'd, 
so  that  as  c  revolves  it  takes  up  a  coating  of  colour 
and  distributes  it  over  the  engraved  roller  c.  d  is 
a  large  iron  drum  covered  with  several  folds  of 
woollen  cloth,  so  as  to  form  a  somewhat  elasl  ic  pi  iul  iiiLc 
sui-face:  an  endless  web  of  blanlceting  i/,i  l^  uiailc 
to  travel  round  this  drum,  which  serves  a,  .i  nit  ni 
guide,  and  defence,  and  printing  surface  (o  the  calico 
b  6  wliich  is  being  printed.  Now  it  is  obvious  from 
this  arrangement,  that  the  cylmdci 
must  .spread  the  colour  unifoimly 
cylhider  c,  whereas  it  is  wanted  only  in  the  depressed 
)r  engraved  parts ;  the  excess  of  colour  has  therefore 
'i  contact 


revolving 


to  be  removed  before  the  roUcr  c 
with  the  calico,  or  instead  of  b 
a  pattern  it  would  be  disPi^un 
patch  of  colour.     The  supci  i', 
by  a  sharp  edged  knife  oi  \ 
called  the   doctor.^    This   i. 


?ntcd  with 


Pig.  110  is  a  view  of  a  cyUnder  machi)i< 
printuig  colours.  It  has  been  engraved  fron 
sketch  made  by  Mr.  Prior,  in  the  well  an  an 
print-works  of  Mr.  Joseph  Lees  of  Manchester,  ^ 
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kindly  allowed  the  Editor  and  the  ^b-tist  to  esamiue 
all  the  processes  in  detail.  Some  of  the  machines 
arc  very  complicated  in  appearance,  as  many  as  eight 
colours  being  printed  at  once  by  one  machine ;  but 
this  complication  is  only  apparent,  for  it  is  produced 
by  the  repetition  of  similar  arrangements  eight  times 
over,  each  engraved  roller,  provided  with  its  own 
colour  trough,  &c.,  revolving  against  the  ii'on  drum 
D ;  but  very  great  nicety  of  arrangement  is  required  ! 
to  bring  all  these  rollers  to  bear  upon  the  cloth,  so 
as  to  piint  at  the  exact  spots  reqnii-ed  for  forming 
a  complicated  pattern  ;  but  when  the  proper  adjust- 
ment is  made,  a  macbme  for  printing  eight  colours 
acts  with  as  much  precision  and  regularity  as  a 
maclune  arranged  for  a  fewer  number  of  colours. 

As  fast  as  the  calico  is  printed,  it  is  drawn  through 
a  long  gallery  or  passage,  raised  to  the  temperature 
of  nearly  200°,  by  means  of  a  furnace  flue  which 
traverses  its  whole  length.  The  upper  sui-faee  of 
the  gaUery  is  covered  with  rough  plates  of  east-iron 
which  radiate  heat  upon  the  printed  goods.  A  piece 
of  calico  of  28  yards  is  drawn  through  the  gallery  in 
about  two  minutes,  dui-ing  which  the  colours  become 
dried  and  set. 

The  printing  cylinders  vary  in  length  from  30  to 
40  inches,  according  to  the  width  of  the  calico  :  the  ' 
diameter  varies  from  4  to  12  inches.  Each  cylinder,  a, 
and  in  section  c,  Fig.  411,  is  bored  tlirough  the  axis 


,iin: 


^ 
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d  d,  and  accurately  turned  from  a  solid  piece  of  metal. 
For  some  styles  of  pattern  the  engraving  is  done  by 
hand,  but  as  this  is  expensive,  it  is  usual  to  adopt 
Perkins's  method  of  transferring  engravings  from  one 
surface  to  another  by  means  of  small  steel  rollers,  B. 
The  pattern  is  first  drawn  upon  a  scale  of  about 
3  inches  square,  so  that  this  size  of  figure  being 
repeated  a  number  of  times  will  cover  the  printing 
cylinder.  The  pattern  is  then  engraved  upon  a  roller 
of  soft  steel  about  1  inch  in  diameter,  and  3  inches 
long,  so  as  to  occupy  its  surface  exactly.  Tliis  small 
roller,  which  is  called  the  die,  is  next  hardened  by 
heating  it  to  redness  and  suddenly  quenching  it  in 
cold  water.  The  roUer  thus  hardened  is  then  put 
iuto  a  rotatory  press,  and  made  to  transfer  its  design 
to  a  sunilar  small  roller  in  a  soft  state,  caUed  the 
mill.  The  design  which  was  sunk  in  the  ilie,  now 
appears  iu  relief  on  the  mill.  The  mill  in  its  turn  is 
hardened,  and  being  put  into  a  rotatory  press,  en- 
graves or  indents  upon  the  large  copper  cylinder  the 
whole  of  the  intended  pattern.  This  is"  of  course 
a  work  of  time,  and  requires  considerable  care  to 
make  the  numerous  junctions  of  the  small  roller 
exactly  fit  each  other  upon  the  printing  cylinder. 
By  this  process,  however,  a  pattern  may  be  imparted 
to  a  large  cylinder  at  the  cost  of  about  7/.,  while  if 
engraved  by  hand  it  might  cost  seven  or  eight  times 


that  sum.  By  the  method  just  described,  a  worn 
cylinder  can  be  renewed  and  made  equal  to  a  new 
one. — The  pattern  is  also  sometimes  produced  by 
etching,  in  which  case  the  cylinder  is  covered  with 
a  thin  coat  of  varnish,  and  on  tliis  the  pattern  is 
traced  with  a  diamond  or  steel  point.  Aqua-fortis  is 
then  applied  to  the  surface,  which  bites  into  or  cor- 
rodes the  parts  which  have  been  removed  by  the  point. 
This  point  or  tracer  is  sometimes  applied  in  a  manner 
similar  to  that  of  the  eccentric  chuck  of  a  lathe,  by 
which  means  the  surface  is  covered  with  patterns,  or 
a  ground-work  for  patterns  of  great  variety  and 
beauty.  Eccentrically  engraved  cylinders  are  ex- 
ported from  Manchester,  and  the  foreign  printer 
adds  the  pattern.  The  cost  of  a  copper  cylinder 
before  engraving,  varies  from  5/.  to  11.,  and  the  cost 
of  engraving  from  5/.  to  10^. — ^The  electrotype  has 
also  been  used  for  producing  the  design  on  the 
printing  cylinder.' — The  design  is  also  sometunes  cut 
in  relief  upon  wooden  rollers ;  or  formed  by  the 
insertion  of  fbt  i^'pfr*  nf  copper  edgeways.  This  is 
termed  .v    ■  •    '      ,   |  lohably  from  the  circum- 

stance  ol  1    ,.  ;,'  II.!    r.ilour   being  applied  to 

a  tense  mhihc  i|  \,ii..iir!!  cloth,  against  which  the 
cylinder  revolves  and  takes  up  colour.  A  combina- 
tion of  wooden  and  copper  rollers  forms  what  is 
called  the  nuion  printing-machine. 

Another  method  of  calico-printing  remains  to  be 
described,  namely,  press-printing,  by  which  several 
colours  can  be  printed  at  once.  The  cloth  to  be 
printed  is  wound  upon  a  roller  at  one  end  of  tlie 
machine,  and  the  design,  which  is  formed  in  a  block 
of  mixed  metal  about  2J  feet  square,  is  supported 
with  its  face  downwards  in  an  iron  frame,  and  can  be 
raised  or  lowered  at  pleasure.  The  face  of  the  block 
is  divided  into  as  many  stripes,  ranging  crossways 
vrith  the  table,  as  there  are  colonrs  to  be  printed. 
If,  for  example,  the  pattern  be  made  up  of  five 
stripes  of  different  colom-s,  and  each  stripe  be  6 
inches  broad,  and  as  long  as  the  breadth  of  the  cloth, 
the  colours  have  to  be  applied  without  mingling  or 
interfering  with  each  other.  This  is  accomplished  in  the 
following  manner : — The  side  edges  of  the  table  are 
furnished  with  a  couple  of  rails  similar  to  a  railway, 
and  upon  this  is  a  shallow  tray  or  frame,  capable 
of  moving  backwards  and  forwards  upon  wheels. 
Withiu  this  frame  is  a  cushion  of  about  the  same 
size  as  the  printing-block,  and  by  its  side  are  five 
small  troughs  containing  the  thickened  colours.  By 
means  of  a  long  piece  of  wood,  fonned  so  as  to  dip 
into  aU  the  troughs  at  once,  the  tearer  applies  a  small 
portion  of  each  colour  to  the  surface  of  the  cushion, 
and  spreads  them  evenly  into  five  portions  or  stripes, 
taking  care  not  to  mix  them ;  but  making  tlieir 
breadth  equal  to  that  of  the  stereotype  rows  on  the 
block.  The  cushion  bemg  prepared,  the  frame  is 
rolled  along  the  railway  nntd  it  is  immediately  nnder 
the  printing-block,  which  the  pressman  then  lowers 
upon  the  cushion,  by  which  means  the  five  stripes  of 
the  block  become  charged,  each  with  its  proper 
colour.  The  block  is  then  raised,  the  frame  rolled 
away,  and  the  block  brought  down  upon  tlie  cloth. 
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■whicli  it  pnnts  vrith  five  rows  of  diffeient  coloms  I 
On  raising  the  block,  the  cloth  is  diawii  forward 
about  SIS  uchcs  m  the  direction  of  its  length,  or 
exactly  the  width  of  one  stupe  on  the  block,  the 
tearer  again  pushes  foiward  the  cushion  with  the 
colours  renewed,  and  the  block  is  again  charged  md 
appUedto  th.  ch>ih  TCa<  .s  ikn^-lh  of  th.  d  111 
equal  t.iil  1      !  Ill 

the  bl. 

moving  paitb  ot  the  pit.^,  that  tla  cukuis  ii  ij  n  t 
mingle,  and  distoit  the  pattem 

Having  thus  buefly  desoubed  the  chief  mechanic  il 
processes  of  cabco  pimting,  we  come  now  to  notice 
the  chemical  The  colours  used  m  calico  piiiitiug 
are  derived  fiom  all  the  three  kmgdoms  of  natuic, 
but  ic  seldom  happens  that  solutions,  mfusioub,  oi 
decoctions  of  these  colours  admit  of  being  appbed  at 
once  to  tlie  cloth  without  some  pievious  piepaiation, 
eithei  of  the  cloth  itself,  oi  of  the  colouimg  mateiial 
It  IS  often  necessaiy  to  apply  some  substance  to  the 
cloth  -nhich  shall  act  as  a  bond  of  umon  between  it 
and  the  colommg  mattei  Ihis  substance  is  usually 
a  metallic  salt,  which  has  an  afiinity  for  the  tissue 
of  the  cloth  as  well  as  foi  the  colouimg  mattei  when 
m  a  state  ot  solution,  and  loinis  with  the  latter  an 
insoluble  compound  Such  a  substance  is  called  a 
mordant,  (from  the  Latin  mouleie,  to  bite,)  a  teim 
given  by  the  Trench  dyeis  undei  the  idea  that  it 
eierted  a  coriosive  action  on  the  fibie,  expanding 
the  pores,  and  allowing  the  coloiu  to  be  absorbed 
The  usual  moidants  aie  common  alum  and  sevcial 
salts  of  almnma,  peioxule  of  uon,  peioxide  of  tm, 
pioto\ide  of  tm,  and  oxide  of  cluome  These  have 
an  affimty  for  colouimg  mattei s,  but  many  of  their 
salts  have  also  a  consideiable  atti  action  foi  the  tissue 
of  the  cloth,  which  withdraws  them  to  a  ceitam 
extent  fiom  then  solutions  Moidants  aie  useful  for 
all  those  vegetable  and  animal  colommg  matters 
which  aie  soluble  ui  watei,  but  have  not  a  stiong 
affinity  foi  tissues  The  action  of  the  moidant  is  to 
withdraw  them  from  solution,  and  to  foimwith  them, 
upon  the  cloth  itself,  ceitam  compounds  which  aie 
insoluble  m  watei 

In  calico  punting  it  is  geneially  necessary  to  bung 
the  moidant  oi  the  colommg  mattei  into  such  a 
state  ot  coiibibtcncy  as  to  picvent  it  fiom  spieading 
beyond  the  propei  limits  of  the  design  This  is  done 
by  the  use  of  (hicleno,  the  most  useful  of  which  is 
wheat  staich,  and  ihmi     but  mniycthcis  aic  usrj 

or  Chill      1 

rice  stauL,  „  ui  i    ic    u    1     1  i  ^  i  I 

many  otheis  The  choice  ul  piopci  thic.kLUi.ib  ic 
quires  attention,  for  two  similai  solutions  ot  the 
same  mordant  equally  thickened,  but  with  diffeient 
thickeners,  may  give  different  sliades  of  coloui  when 
used  with  the  same  colommg  m  iteu  il 

The  colours,  with  the  pinpei  thickencis,  &c  are 
prepared  in  vessels  fuinishcd  with  steam  jackets,  as 


shown  m  Fig  412,  foi   i 
required  tempeiature. 


;ing  the  contents  to  the 


Although  the  dilkitut  imtli.ds  <t  puiifing  aic 
numerous,  and  the  combmations  of  colours  and 
shades  of  coloui  ahnost  mfimte,  vet  each  colour  m  a 
pattern  i  nist  ,n  f]u  i  n  s.nt  si  ,1,  n|  tl„  art  be 
apphi  I  1  T  hose 

3,  th.   I  Dis! 

chugf   stNl,       I  I  \^  the 

piopei  conibmil  ules 

any  pattem  how  I 

Themaddei    i   I  Imfly 

piactised  with  i  i  lost 

soluble  veget  il '  this 

The  Cist  pioci  f  dieo 

with  a  moidant ,  il  i        il    1  |i       i^  it  once 

with  colour,  the  p.utb  ut  the  suiiict,  which  aie  to 
have  a  maddei  coloui  impaitcd  to  them,  aie  fust  im- 
pressed with  a  moidant  Aftei  the  calico  has  passed 
thiougli  the  hot  flue,  it  is  iii  many  c  is(  s  sus;  f  u  1  1 
free  fiom  folds  foi  one  or  two  days  in  \\\\  \  \  i  11  1 
the(//7««y /■oom,vUiciebye\posuie  t(  ui  tli  i  I  I 
or  a  poition  thcieut  uiuku  cs  i  cl  i  ini  d  lluili  n, 
wheieby  it  beci  m  I     I   I     il      cloth  iii  an  in- 

soluble  state       \  moidant   that 

1      completely  i 


o\cd,  ( 


the. 


:mlicd 


would   spicad   o\ci    the  being 

confined -n  ithm  the  limits     i  lli     sii 

peifluous  moidant  is  icim  \       1     i  ilucd 

calico  thiough  a  w.um  mi\tuic  ot  c  i\\  aiiit,  aud 
watei.  This  is  called  duiir/iiif/  The  nii\tuie  is 
usually  contamcd  m  two  stone  cisteins,  placed  end 
to  end,  f  irh  about  6  feet  long,  3  feet  wide,  and  1 
I  1 1     uuxtme  m  one  cistern  is  formed  with 

1  dung  to  the  ostein  full  of  water, 
I   160°  01  180°     The  second  eisteui 
1  t   h  df    tins   quantity   of  dung      The 

cabco,  guided  by  lollers  to  keep  it  free  fiom  folds,  is 
drawn  quickly  through  the  fiist  trough,  and  then  im 
mediately  thiough  the  second  It  is  then  washed  ui 
clean  water  m  what  is  called  a  wince  pit,  and  again 
m  a  dash  wheel  [See  Bleachivg  ]  Dimgmg  is 
further  usefid  m  lemovmg  the  thickening  paste  by 
which  the  moidant  is  appbed,  and  it  also  determmcs 
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a  more  intimate  union  between  the  mordant  and  the 
fibre  of  the  cloth.  The  process  is  necessary  for  ilum 
ii-ou,  and  tin  mordants,  when  applied  to  the  cloth 
before  the  colom-ing  matter. 

The  difficulty  of  procuring  cow-dung  in  sufficient 
quantities  Las  led  to  attempts  to  find  substitutes  m 
those  chemical  substances  which  an  analysis  of  dung 
indicate  as  the  essential  ingredients.  Thus  a  oolution 
of  phosphate  of  soda  and  phosphate  of  lime  with  a 
little  glue  or  some  other  form  of  gelatine,  his  been 
used  imder  the  name  of  dumj-suhstilutc,  oi  simph 
substitute. 

After  washing  in  cold  water,  the  mordanted  clotli 
is  winced  in  a  weak  solution  of  substitute  and  sisc 
It  is  then  ready  for  the  colour.  This  is  not  applvm 
by  the  process  of  printing,  but  simply  by  dnwm 
the  cloth  for  two  or  three  Lom-s  through  a  solution 
of  the  colouring  material.  [See  Dyekg]  The 
colour  attaches  itself  permanently  to  those  portions 
of  the  cloth  to  which  the  mordant  has  been  appUed 
and  forms  a  true  chemical  compound  therewith  but 
on  the  unmordanted  portions  the  coloiu-  is  feebly 
attached,  and  is  subsequently  removed  by  washmg  m 
soap  and  water,  or  in  bran  and  water,  or  in  i  ddute 
solution  of  cldoride  of  lime.  This  last  washing  is 
called  clearing. 

Such  is  a  very  meagre  outline  of  the  most  impoitint 
processes  concerned  in  printing  and  dyeing  a  piece  of 
calico  according  to  the  madder  style.  The  processes 
actually  required  for  finishing  a  piece  of  cloth  iie 
numerous,  as  for  example,  in  producing  a  red  stnpe 
upon  a  white  ground,  the  bleached  cloth  is  subrmtted 
to  nineteen  operations,  as  follows :— 1.  Priutmg  on 
mordant  of  red  liquor,  (a  preparation  of  alumina ) 
thickened  with  flour,  and  dyeing ;  2.  Agomg  for 
three  days  ;  3.  Dunging ;  4.  Wincing  in  cold  w  itei 
5.  Wasliing  at  the  dash-wheel ;  6.  Wincing  in  duii^ 
substitute  and  sise;  7.  Wincing  in  cold  watci 
8.  Dyeing  in  madder;  9.  Wincing  ia  cold  watei , 
10.  Washing  at  the  dash--wheel ;  11.  Wincmg  m 
soap-water  containing  a  salt  of  tin ;  13.  Wasbng 
at  the  dash-wheel ;  13.  Wincing  in  soap  water 
I'l.  Wincing  in  a  solution  of  bleacliing-powdei  | 
15.  Wasliing  at  the  dash-wheel;  16.  Drymg  by 
the  water  extractor  ;  [See  Dyedtg.]  17.  Toldiug , 
IS.  Starching ;   19.  Drying  by  steam. 

The  operations  of  washing  and  drying  are  very 
important,  and  provision  is  made  for  them  on  a 
veiy  complete  scale.  Pig.  413  is  a  view  of  the 
washing  and  drying  apparatus  at  Mr.  Lees's  woiks 
The  pieces  of  cloth  are  brought  down  into  witer 
tanks,  passing  under  and  over  rollers,  furnished  with 
balance-weights  to  keep  the  calico  stretched  these 
weights  can  be  adjusted  on  tlieir  levers,  so  as  to  vaiT 
the  tension  to  any  degree  required.  In  some  cases 
the  bottom  of  the  tank  is  supplied  with  water  m  jets 
so  that  the  calico  is  subjected  to  the  dashing  action 
of  the  water.  In  passing  out  of  the  washing  machine 
the  calico  is  received  on  a  skeleton  roUer,  where  it 
is  smoothed  by  an  attendant,  and  passes  from  this 
to  the  drying  cylinders,  Fig.  413,  (see  also  Fig  399  ) 
and  in  section  in  Fig.  414,  where  the  arrow  on  the 


left  shows  the  cahco  proeeechng  fiom  the  washmg 
machine  pibamg  ONcr  \  guide  loUe   e,  and  then  o  er 


the  di-ynig  cybnders  which  aie  of  metal  and  heated  by 
steam  It  is  then  giuded  by  a  second  loUer  r  to  the 
drum  D  on  which  it  is  finally  wound 


\    O    }  \    o\\     o 


Another  form  of  w  ishmg  machme  is  >inown  m 
ection  Fig  41o  Tlie  cloth  is  ananged  m  folds 
upon  a  shelf  to  the  hft  of  tl  e  figure  whence  it  is 


4: 


guided  1     1       1    lilt    111  liM  ion  of  the 

machme  it  tlien  pa  es  out  between  lolleio  b  which 
press  out  the  w  ater  and  thus  make  it  again  absoibent 
before  passmg  into  the  second  division  it  proceeds 
in  this  -way  uncil  it  anives  at  the  seventh  dmsion, 
■where  the  rollers  aie  piessed  together  with  weigutcd 
levers  Ic  and  the  cahco  leaves  the  machme  with 
most  of  its  moisture  pressed  out  The  object  of 
havmg  the  divisions  of  unequil  height  is  to  eitabhsh 
1  cui-rent  of  water  for  the  tallest  vat  being  first 
supphed  oveiflows  into  the  next  and  this  lafo  the 
thud  from  the  right  untd  the  coUected  overflowings 
escape  by  the  lowest  vat  In  thib  way  i  current  is 
kept  np  and  the  cahco  moving  m  i  contiary  direction 
to  that  of  the  current  is  completelv  washed 

The  second  style  of  calico  prmtmg  is  by  "ite  im 
The  colours  which  attich  then   ches  finuly  to  the 


CALICO-PRINTING. 


283 


cloth  by  being  printed  on  it  witli  a  mordaut  arc  not 
numerous,  but  by  exposing  tlie  goods  so  printed  to 
the  aotiou  of  steam,  an  intimate  combination  takes 
place  betweeu  the  tissue,  the  colouring  matter,  and 
the  mordant.  Tlie  mechanical  an-angements  for 
steaming  are  various.  In  some  works  the  cloth  is 
suspended  free  from  folds  in  a  small  chamber  of 
masom-y,  into  which  steam  is  admitted.  In  other 
works  the  goods  are  placed  in  a  large  deal  box,  the 
lid  of  wliioh  is  made  nearly  steam-tight  by  edges  of 
felt,  and  tlie  steam  is  admitted  through  a  pipe  per- 
forated with  a  multitude  of  small  holes,  which 
traverses  the  box.    But  tlie  common  method,  Fig.  416, 


is  to  cod  the  calico  lounu  a  hollow  copper  cyhudei,  a 
perfoiated  with  holes,  the  lower   end  of  which  is 
connected  with  a  steim  pipe     The  cylmdei  is  pie 
paied  by  mounting  it  m  a  hoiizontal  position  in  a 
frame      A  roll  of  bluikct  is  fiist  lapped  louud  it, 
then  1  piece  of  wlntc  cabco,  and  1  istly,  thice  oi  four 
pieces  of  the  punted  and  diied  calico  stitched  end  to 
end     The  cvbnder  is  then  fi\ed  upught  m  a  small 
apaitment  fuinished  ^vlth  a  chimney  to  cany  off  the 
steam     The  open  end  of  the  cylindci  is  seiewed  to  a 
pipe  connected  with  the  spheres  s  s,  -n  Inch  are  suj  j  1    1 
with  steam  from  tlie  mam  boder  of  the  works,  the  ([ 
tity  being  regulated  by  a  stop  cock  c     The  tem| 
tuie  IS  kept  at  211°  oi  212°  to  picvent  murli  c  n  I 
sation,  which  makes  the   colouis   luii        \    I 
tempeiature  is  mjunous,  but  a  shght  r 
required  to  keep  the  goods  moist     li 
camedonforfiom  20  to  MmiuifLs  ^i      1 


nature  of  the  colour.  When  the  steam  is  cut  off,  the 
cloth  is  unrolled  immediately,  to  prevent  condensation. 
On  exposui-e  to  the  air,  the  thickening  material  soon 
solidifies,  and  the  goods  become  dry  and  stiff.  The 
cloth  is  then  aged  for  a  day  or  two,  and  the  thickener 
gently  washed  out  with  cold  water. 

The  operation  of  steaming  not  only  attaches  the 
colour  firmly,  but  gives  it  brdliancy  and  deUcacy  of 
finish.  It  is  not  always  adopted,  for  some  colours 
become  firmly  attached  to  the  cloth  by  mere  exposure 
to  air.  A  variety  of  cheap  goods  for  some  of  the 
foreign  markets  are  printed  m.  fugitive  colours ;  these 
not  being  fixed  by  steamuig  or  by  a  mordant  aie  called 
spirit,  fancy,  or  wash-off  CfAmwi. 

The  third  style,  called  tin  i|iphc,  to 

mmei  d  col  urs  unlj      ri\  i  n  ly  be 

pioluctd  on  white  or  cnl  >  lound 

inij  also  bo  lounid  foi  tin    i'  i       i  i  nlours. 

Foi  the  httei  purpose  the  ik.dduig  maJniie  is  used. 
Thib  lb  almost  identical  with  the  starching  mangle 
dcseiibed  m  Calendering,  the  tiough  containing  the 
thickened  colouring  matter  instead  of  starch.  A 
loUer  coveicd  with  blanket  dips  paitly  into  the 
tiougli,  and  above  and  in  contact  with  this  is  another 
loUei,  and  the  cloth  to  be  padded  passes  between  the 
tno  Wlien  the  cloth  is  uiufoiuily  imbued  with  the 
coloiu,  it  IS  dued  at  a  temperatiu-e  of  212°.  If  the 
colour  IS  to  be  applied  to  the  face  of  the  cloth  only, 
the  common  prmting  machine  with  a  roughened 
roUei  IS  used  instead  of  the  padding  machine.  The 
giound  is  sometimes  produced  by  the  union  of  two 
colouis  m  solution  forming  within  the  fibre  of  the 
(.1  til  ilstlf  au  insoluble  coloiu'cd  precipitate.  For 
tin  1  n\  the  cloth  is  first  passed  through  one 
c  1  uu  I  1  ti  n,  and  then  dried.  It  is  next  passed 
thioui'li  fh      llier  coloured  solution;  the  two  then 

'  icact  upon  each  other,  and  produce  the  dcsii'cd  effect. 

!  Oi  the  cloth  may  be  padded  in  one  solution,  and  af- 
teiw  uds  wmccd  in  the  other.     In  order  to  produce 

I  a  design  on  a  white  or  coloured  groimd,  the  cloth  is 
punted  with  one  of  Iho  solutions,  and  then  padded 
01  wmeed  in  the  other. 

In  the  next  style  of  printing,  the  resist  sti/le,  the 
wlute  cloth  IS  printed  with  a  resist  paste,  the  object  of 
which  lb  to  pievent  those  portions  of  the  cloth  to 
winch  it  IS  applied  in  the  form  of  a  pattern,  from 
takmg  up  colour  when  the  cloth  is  passed  through 
the  d^  e  beck  A  white  design  on  a  coloured  ground 
is  a  simple  example  of  this  style.  There  are  two 
classes  of  resists,  one  to  prevent  a  mordant  from  at- 
taohmg  itseK  to  the  portions  of  the  cloth  so  protected, 
and  the  other  to  shield  the  cloth  from  colouring 
nnttei  Some  resists  act  mechanically;  such  are 
fif  losists     others  act   chemically  as  well  as  me- 

I  f  the   fifth  or  discharge  sfi/Ie  is  to 

or  coloured  figure  upon  a  coloured 

I      1 1     purpose  the  dyed  or  mordanted  cloth 

[      I  dMith  a  substance  called  the  AV^ffjycr,  which 

ithei  on  the  colourmg  matter  or  on  the  mordant 

the  cloth  is  exposed  to  the  dye.     The  dis- 

i„or  acts  by  converting  the  coloni-ing  matter  on 
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the  mordant  into  colourless  or  soluble  products, 
which  may  thus  be  removed  so  as  to  aUow  the  parts 
thus  discharged  to  be  dyed  iu  another  colour.  A 
vegetable  or  anhnal  colouring  matter  is  usually  dis- 
cliarged  by  chloriue  and  chi'omic  acid;  and  a  mordant 
is  dissolved  by  an  acid  solution. 

By  this  style  are  produced  the  well-biown  imita- 
tions of  Bandana  handkerchiefs,  in  which  white  figures 
are  formed  on  a  ground  of  Turkey-red  by  means  of 
an  aqueous  solution  of  chlorine.  This  is  made  to 
flow  down  through  the  red  cloth  in  certain  points, 
which  arc  defined  and  cii-cumscribed  by  the  pressure 
of  hollow  lead  types  inserted  into  plates  of  lead  con- 
tained in  a  hydi'aulic  press.  The  press  is  furnished 
with  a  pair  of  pattern  plates,  one  attached  to  the 
upper  block  of  the  press,  and  the  other  to  the 
movable  part  or  sill.  Prom  twelve  to  fourteen 
pieces  of  cloth  previously  dyed  in  Turkey-red  are 
stretched  over  each  other  as  evenly  as  possible, 
and  then  rolled  round  a  drum.  A  portion  of  the 
fourteen  layers  equal  to  the  area  of  the  plates  being 
dra-wn  through  between  them,  the  press  is  worked, 
aud  the  plates  are  brought  together  with  a  force  of 
upwards  of  300  tons.  The  solution  of  chlorine  is 
then  allowed  to  flow  into  the  hollows  of  the  upper 
lead  plate,  whence  it  descends  on  the  cloth,  and  per- 
colates through  it,  extractiag  the  Turkey-red  dye, 
the  intense  pressure  preventing  the  bleaching  liquor 
from  spreadmg  beyond  the  limits  of  the  figures  per- 
forated iu  the  plates.  lYlien  a  certain  quantity  of 
bleaeliing  liquor  has  passed  through,  water  is  ad- 
mitted in  a  similar  manner  to  wash  away  the  chlorine. 


I'rn,  but  tlie 


of  iron,  gum,  and  water.  It  is  then  aged  for  a  day 
or  two,  and  afterwards  stretched  in  perpendicular 
folds  on  a  rectangular  frame  of  wood,  Eig.  417.  Tliis  is 
immersed  in  a  certain  order  in  thi-ee  liquids,  contained 
iu  stone  cisterns,  the  tops  of  which  are  on  a  level 
with  the  ground :  1.  iu  milk  of  lime ;  2.  m  a  solution 
of  sulphate  of  iron ;  3.  in  a  solution  of  caustic  soda. 
The  frames  are  dipped  several  times  alternately  into 
the  first  and  second  cisterns,  with  exposure  to  the 
air  for  a  short  time  Iif<t  wpph  rich  dip:  they  are  not 
dipped  so  frequciil! y  ■  '  ■'  . 
dipping  into  this  U ■',''. 

No.  2.  By  these  01^:1::.  in.  ii,,  M.uluble  indigo 
which  had  been  applieil  to  the  surface  becomes  con- 
verted into  soluble  indigo,  or  iiidii/otin,  [see  Dyeeng,] 
which  is  dissolved  and  transferred  to  the  interior  of 
the  fibres,  where  it  is  precipitated  in  the  original 
msoluble  form. 

Such  is  a  general  outline  of  the  mechanical  and 
chemical  arrangements  of  a  large  print-work.  In 
addition  to  these,  every  calico-printer  must  have  the 
means  of  producing  a  constant  succession  of  new 
patterns  ;  for,  were  he  to  neglect  to  satisfy  the  craving 
after  novelty  in  dress  which  seems  to  form  a  part  of 
the  mental  constitution  of  aU  classes,  his  goods  would 
be  neglected,  however  fine  in  material,  excellent  in 
weaving,  elegant  in  design,  and  tasteful  in  the  choice, 
variety,  and  combination  of  colour.  The  spring  or 
the  wmter  fashions  of  each  year  must  be  new ;  and 
although  mUlions  of  patterns  have  preceded  those  of 
any  particidar  year,  yet  the  patterns  of  each  year  must 
be  stamped  with  the  characteristic  of  novelty,  or  they 
will  n  t     U     Th  p    d    t   n    f  thi  It '     q 

nth     f  p  p    p     ti  n        d  t     th  b 
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are  to  them  in  tlie  meoliaiucal  departments  of  calico- 
printing.  It  is,  liowevei  to  be  hoped  thit  the  Schools 
of  Design  which  have  been  estaWishod  m  the  minu 
factnring  towns  of  this  comiti  y  w  11  do  m  ich  to 
cultivate  and  improve  the  natne  t  ste  Vtl  ttver 
patronage  is  bestowed  on  these  excellent  mstit  if  ns 
will,  if  properly  applied  and  i  ghtly  directed  be  a 
national  benefit. 

An  Act  passed  in  the  31th  &eoi"-o  III  ga\e  to  the 
inventor  or  printer  of  any  new  and  original  ]  aftem 
for  printing  linen,  calico  cotloji  or  mushi  tl  e  ■sole 
right  and  property  hi  the  same  foi  th  ee  n  onths  fiom 
the  time  of  publication  This  was  f  It  to  be  an  m 
sufEcient  protection;  foi  no  punter  \  o  dd  e  ijloy  an 
eminent  artist  to  produce  designs  \^hich  m  so  shoit 
a  time  would  become  public  pioj  citv  Aecoidingh 
a  parliamentary  inquiry  was  instituted  ■«  ith  a  view 
to  extend  Ihn   ro|.Yri;,'l  til  1        1   iO  a 

select  coiiiiii.'  ii  .  <.r  i  !r  1 1  11 

thcirreii-.i.  v 
In  Scplr,,,!    :     ;     '.'    : 

bywhir-1,  :.  ,    ,  ■  Itj 

dcsignb  I'll  II  ■  I    1  ot  thiLO  years 

to  desiuii-  i      '   I  ug      e\eiy  design  to 

be  regisU'ii  I.  m  n  li  i  1.  arcstiai  appointed 

by   the   iJoard   <ii    li  I  pioteetion 

granted  to  furniturc-[i:  mt  of  then 

being  more  costly  ih  the  mere 

drawing  and  engravm  ic  patterns 

costuig  from  501.  to  lOf  /  V  f  11  tei  e\j  ense  is 
incurred  in  "making  out  the  pattern  rhat  is  le 
duemg  it  to  such  a  scale  and  n  along  such  a  d  tiibu 
tion  of  its  parts,  as  wiU  cause  the  seveial  j  oitious  to 
"justify,"  or  fit  in  witli  each  othei,  when  engiaved 
on  separate  blocks  or  eybndcis  Some  patterns 
require  to  be  drawn  five  or  si\  times  because  a  veiy 
small  imperfection  in  fuinituie  designs  is  at  o 
detected.  The  patterns  aic  designed  on  white  c  1 
each  about  12  or  14  inches  by  8  or  10  oi  less  tl 
this ;  the  object  being  to  gx^  e  so  i  inch  of  the  i  at  ( 
as  will  represent  it  fairly  When  a  pattern  has  be  i 
approved,  it  is  examined  to  asceitam  that  e\eiy 
repeat  is  equidistant,  that  it  is  repeated  at  piopei 
distances,  and  that  theie  aio  not  four  sketches  and  a 
lialf,  or  five  and  a  half,  or  f  ve  and  a  quaiter  m  what 
would  be  the  cireumfeicnce  of  the  roller  a  sketch  is 
prepared  which  is  male  to  agree  exactly  with  the 

The  reader  who  is  interested  m  this  sulject-ndl 
find  a  variety  of  curious  and  useful  mfoimation  in  the 
minutes  of  the  evidence  t  k  il  t  tl  1  il  amentaiy 
Committee.     The  liimi  I  I      ill  allow  us 

to   give   only   a   ft.'.  Mi    Sihs 

Schwabc,  a  Mancln    i  tated  that 

the  designing  portion  i.    1  I  t  cost  about 

800/.  per  annum.  In  Ibjb  btt  l  n  t  o  and  three 
tliousaud  designs  were  noauced  of  which  500  ^^c^e 
selected  for  engraving.  The  whole  cost  for  designing 
and  engraving  these  patterns  was  from  5,000;.  to 
5,500;.,  or  an  average  of  111.  per  pattern;  about  700 
rollers  being  reqiured  to  make  out  the  500  patterns. 
Of  these  patterns,  100  were  decidedly  successful,  and 


50  had  a  middling  result.  The  cost  of  the  uiisuccessCul 
I  attciub  must  of  course  be  boiue  by  the  suceessfuJ 
ones  th  is  biingm,,  the  cost  of  c  eh  successful 
pattern  to  bo  it  35/  Iwooi  thieeiionth  aieusu  Uy 
occupied mdcsignmg and cngia\ing I  ittcius  pie\ioi3 
to  then  being  leady  foi  tal  mg  oideis  Designs  foi 
li^ht  goods  aie  got  icady  foi  the  rngiaver  in  J  me 
J  Jy  and  August  1 1  this  last  month  the  engia^eis 
h  \e  conilotel  a  loilion  cl  then  -svoik  and  m  Sep 
tcmbei  the  flist  e\l  il  iti  n  of  patteins  takes  place 
piopai  t     \  t        1     1      11      1   t    it         It  I    as 


gooK  1  1  11  i  I    1      1      b    flat 

the  sa  10  des  ^  is,  may  be  pubbshed  i  i  o  lo  niaiket  in 
Octolei  and  f  i  the  homeiuuket  ii  Maich  Ilie 
sale  contin  ics  tl  loi  ghout  the  sui  unci 

When  the  pimtei  has  his  own  ilea  of  i  new 
lattern  he  desci  bes  to  the  desis-i  ci  in  -noids  the 
.style  thestiqc  chccl  d  a^  i  1  set  natuial  flowcis 
01  otlici  oljects  lie  1  it  exl  lit  anothei 
1  ittcm    f  J     as   AJ      s  I  1    1       I   1  ave 

louiid  bj   exi  1  11  luhcicnt 

quabty  even  ol    1  1        1   y   vdl  come 

vuy  nc  i  if  It,'\o  11  \  ul  couscquuitly 

I  have  desiste  1  fio  n  that  plan  toi  a  pattern  assists 
the  di  fts  lai  m  lemammg  lUc  m  not  exeitm^  Ins 
own  ingenuity  ui  comiosmg  m  iioAnc  ng  iioieltj, 
which  is  the  thing  most  wanted 

One  of  the  most  no\el  and  ougmal  patterns  ever 

]  1  educed -ms  1  y  aeei lent      Me^sis    Simison&Co 

having  to  pimt  a  quantity  of  cloth  in  \  aiaUel  stuj  os 

as  one  piece  was  going  up  on  the  blanket  the  next 

piece  came  in  anothei  shaj  o  on  tl  o  othci  side  and 

c  it  a  1  ttlc   acioss  the  pattern   so  that  the  stupes 

1  g  daily  on  each  otliei   pioduccd  a 

I      ccived  the  name  of  the  Diora  a 

I     amc  so  gicat  a  favouute  that  the 

I  to  have  sold  25  000  pieces  of  it  m 

1     1 

It  apieais  fiom  the  evidence  of  severa'  of  the 
witnesses  befoie  the  Committee  thit  the  ait  of  design 
has  retrograded  in  Engl  an  1  \s\  \\  \  it  ftiade 
was   confined   to  the  vie  II        |     t  in 

diawmg  flouushcd     Mi   II  s 

—   The  dcsg  a  of  sevoi  1  lo 

still  ic    ci  bcied  with   al  11)1 

Ivdbuii  "Wa^nci  anlElwaids  aie  le^uded  as  the 
ol  I  n  astc  s  ot  the  Engbsh  school  of  desi^  i  m  cal  co 
J  lit  n  I  ha\e  the  good  foi  tune  to  po<;sp  s  a 
volume  of  diawmgs  of  this  period  m  wh  eh  pattcin 
dia\ving  IS  elevated  to  the  digmtj  of  a  fine  art  T)  e 
ait  of  punting  since  that  peuol  has  made  gigantic 
stiides  and  is  now  one  of  the  most  beautiful  nd 
leflned  of  the  chemical  aits  The  ait  of  desigim  g 
has  at  the  same  time  letiogialed  Othci  witnesses 
stated  that  the  best  prmteis  did  not  hesitate  to  copy 
French  patterns  almost  exactly. 

There  are  many  exoeUent  treatises  on  Calieo- 
Pruiting.  The  most  elaborate  is  that  by  M.  Persoz, 
Professcur  a  la  Eaculte  dcs  Sciences  de  Strasbourg, 
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entitled,  "  Traite  tlieorique  et  pratique  de  I'Impressioii 
lies  Tissus ,"  4  vols.  8vo.  Paris.  1846,  -sv-ith  a  quarto 
atlas  of  plates.  The  work  itself  contains  165  wood 
engravings  and  429  actual  specimens  of  printed 
calico  in  its  various  stages  and  styles,  neatly  pasted 
iu  anions;  (lie  type,  producing- a  very  pleasiug  eifect. 
'Hh  M'  'I    I 'I, nil     were  fm-nished  to  the   author  by 

; I  I         i  111  calico-printers  of  Alsace,  Swit- 

/.    :  i-'.  the  environs  of  Paris,  England, 

iiihl  :-.  '  III.  liarh  house  sent  a  snliieient  quantity 
of  print  for  the  whole  impression  of  the  work,  ac- 
companied by  a  wi'itten  description  of  the  process 
adopted  for  producing  each  specimen.  This  highly 
useful  method  of  illustration  was  first  adopted  iu 
1835,  by  Dr.  Thomas  Thomson,  who  published  in  the 
"  Records  of  General  Science,"  a  valuable  series  of 
papers  on  this  Art.  It  has  also  been  adopted  by 
Ml-.  PanicU  in  his  Treatise  on  Calico-Priutiug,  con- 
tained in  his  excellent  work  on  "  Chemistry  applied  to 
Manufactures,"  8vo.  London.  1843.   [See  Appendix.] 

CALOMEL,  the  protoehloride  of  mercury.  See 
Mercury. 

CALORIMETER,  see  Heat— Tiiermometeii. 

CAJIBOGE  or  GAMBOGE,  a  gum  resin,  form- 
ing a  well-biown  yellow  water-coloni-.  The  best 
gamboge  is  from  Siam  and  the  kingdom  of  Camboja, 
(whence  its  name,)  and  is  said  to  be  the  produce  of 
Gardnia  Cochinchinensis,  the  broken  leaves  and  branch- 
lets  of  which  form  a  yellow  milky  juice,  which  is  run 
into  bamboos,  so  as  to  form  cylindiical  sticks.  Anotlii  i- 
kuid,  which  is  suffered  to  harden  in  masses,  whicli 
are  covered  with  leaves,  is  said  to  be  derived  from 
Cumbogia  gutia.  Dr.  Wight,  however,  states  that 
the  tears  of  eambogia  gutta  are  a  substance  altogether 
distinct  from  true  gamboge.  The  best  gamboge  is 
brittle  and  inodorous,  of  couchoidal  fracture,  orangc- 
coloiu'cd,  or  reddish  yellow,  smooth,  and  somewlial 
glistening.  Its  powder  is  bright  yellow.  It  may  be 
resolved  into  resin  and  gum  by  the  successive  actifm 

of  ether  and  water.     The  finest  gambop m,.:    ^ 

about  70  per  cent,  of  resin,  sometimes  ti  i.n 
io&'c  ««■(/,  which  forms  numerous  salts,     (im 
used  as  a  in'iriiiciit,  and  in  miniature-paint i 1 1_  ;  ,  I  .i 
t"   ii !'    -'  !  '•  I.    !ii>h.     In  medicme  it  is  used  as  a 
il  I     is  sometimes  improperly  used  by 

'  ■■'■  •  .•  •  !  i  >'.ijur  liqueurs.  An  artificial  gamboge, 
of  \  1 1  \  la  lie  \  ulue,  is  manufactured  with  turmeric  and 

CARIBRIC,  a  species  of  very  fine  white  linen, 
first  made  at  Cambray,  iu  Erench  Flanders,  whence 
the  name. 

CAMEL,  a  machiue  mvented  in  Holland,  about 
1688,  for  raisuig  ships  by  the  buoyant  power  of  water. 
It  consists  of  two  similar  hollow  water-tight  vessels, 
so  constructed  that  thoy  can  bo  applied  on  each  side 
of  the  hull  of  a  ship.  On  the  deck  of  each  vessel 
wmdlasses  are  attached,  which  work  the  ropes  passed 
under  the  keel  of  the  vessel  to  be  raised.  When  the 
camel  is  employed  to  raise  a  ship,  the  water  is  allowed 
to  fin  each  half  of  it ;  and  when  the  ship  is  fii-mly 
attached  to  the  camel,  the  water  is  pumped  cut,  and 
the  buoyancy  of  the  hollow  -('essels  raises  up  the  ship. 


A  ship  drawing  15  feet  water  could  by  this  means 
be  made  to  di-aw  only  11  feet ;  and  the  largest  man- 
of-war  in  the  Dutch  service  eoidd  be  made  to  pass 
the  sand-banks  of  the  Zuyder  Zee.  Tlie  length  of 
one  of  these  camels  was  127  feet ;  the  breadth  at  one 
end  23  feet,  and  the  other  13  feet :  the  hoUow  part 
wasdiviu.'l  \   Im    i'.ijI  r.  iii|iai'tmeuts. 

CAM  1 , 1  '  1  ',  - !  i . ! ,  1 .1',  a  plain  stuff,  of  which 
there  ai(  Some  are  made  of  goats'- 

hair;  iu  >  n  i  .,  m  w  ,i|,  is  of  hair,  and  the  woof 
half  hair  aud  half  silk ;  others,  again,  are  entirely  of 
wool ;  and  in  some,  the  warp  is  of  wool  and  the  woof 
of  thi-ead.  TJicre  are  striped,  watered  and  figm-ed 
camlets. 

CAMPHINE,  see  Tuepentine. 

CAJMPHOR  is  the  produce  of  the  Launis  camphora, 
or  camphor  laurel,  of  Japan  aud  China.  The  roots 
and  wood  of  the  tree  are  chopped  up,  and  boiled  with 
water  in  an  iron  vessel,  to  which  an  earthen  head 
containing  straw  is  adapted ;  and  the  camphor  sub- 
limes, aud  condenses  upon  the  straw.  In  China,  the 
chopped  branches  are  boiled  iu  water  till  the  camphor 
begins  to  adhere  to  the  stirrer :  the  liquor  is  then 
strained,  and  the  camphor  concretes  on  standing :  it 
is  afterwards  mixed  mth  a  finely  powdered  earth,  and 
sublimed  from  one  metallic  vessel  into  anotlier.  Two 
kuids  of  unrefined  or  crude  camphor  arc  known  in 
coiuiiicrcc :  1.  T>utch  or  Japan,  camphor,  also  called 
'  '-  ,  '  , I' '  1,1  tliecircumstanceofitsbeingbrought 
.  '  1    .4  reported  to  be  the  produce  of  Japan) 

s  I   liy  matting,  each  surrounded  by  a 

;.i   i,iiil  till., :  I  n  I  led  on  the  outside  by  hoops  of  twisted 
cane.     Each  tub  contains  from  1  ewt.  to  1:^  cwt.,  or 
more.     It  consists  of  pinkish  grains,  which  by  theii- 
mutual  adhesion  form  lumps.     It  is  of  larger  grain, 
r'l-.irer,  niiil  sublimes  at  a  lower  temperature  than 
;'  .     .      :.l  \   !■>  ly,  which  is  known  in  commerce  as 
•  n.iphor,  China  camphor,  and  Formosa 
I  iu-  IS  imported  from  Singapore,  Bombay, 
1  1  square  chests,  Hued  with  lead  foil,  aud  con- 
I  _,  from  I-|  to  ]  J  cwt.     It  is  chiefly  produced  in 
I  h     1  I  iiid  of  Eonnosa,  and  is  conveyed  in  junks  to 
{ 'iiilon,  whence  the  foreign  markets  are   supplied. 
It  consists   of  dirty  greyish  gi-aius.     It  varies  in 
quaUty,  but  is  sometimes  as  fine  as  the  Dutch  kind. 

Crude  camphor  very  much  resembles  moist  sugar 
before  it  is  cleaned.  It  is  lefined,  and  couverted  into 
the  beautiful  well-known  article  sold  m  the  shops,  by 
sublimation.  This  piocess  is  carried  on  m  spheioidal 
vessels,  called  bombolocs  (Fig  -~ 

418).     They  are  made  of  thm  ^  **■ 

fliut  glass,  and  weigh  ali 
1  lb.  each,  and  measme  ab 
12  inches  across.  Each  ^  c  ' 
has  a  short  neck.  When  fill  1 
with  crade  camphor,  they  ti 
imbedded  iu  a  sand-bath,  ml 
heated   to    a    temper  atuie    ol  ''     " 

from  250°  to  280°,  which  ib  affemaul  i  u  ed  tc 
between  300°  and  400°.  About  2  pei  cent  ol 
quiek-lime,  and  2  parts  bone  black,  m  fine  powdii, 
are  added  to  the  melted  camphoi,  and  the  heat  laibcd. 
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ao  as  to  boil  the  liquid.  The  vapour  coudeuses  in  i 
U>e  upper  part  of  the  vessel.  As  the  sublimation 
proceeds,  the  height  of  the  sand  around  the  vessel  is 
diniinibhcd.  The  process  is  completed  in  about  48 
hiiii;  I  ill  I Miiou  requires  considerable  attention 
M.  I  i'l    Uresays: — "  If  the  temperature 

I)'   !   .     I  :■  '  L.\,  ilie  neck  of  the  bottle  might  be 

lUlid  Willi  tuii^.liui-,  before  the  heat  had  acquired  the 
proper  subliming  pitch ;  and  if  too  quickly,  the  whole 
contents  might  be  exploded.  If  the  operation  be 
carried  on  languidly,  and  the  heat  of  (he  upper  part 
of  the  bottle  be  somewhat  muh  r  i!;i  ;ii.Ii;ii.  j  ':i{  -,f 
camphor,  that  is  to  say,  alittlr  i;  ,  i      <    :: 

densed  camphor  would  be  snowy, 
compact  and  transparent  to  be  sa!i  M\  'i        ■,..;:.. 
sudden  alternations  of  temperature  caiise  little  jc 
to  be  thrown  up  out  of  the  liquid  camphor  at  the 
bottom  upon  the  cake  formed  above,  which  soil  it, 
and  render  its  re-sublimation  necessary." 

The  vessels  being  removed  from  flie  sand-bath,  the 
mouth  is  closed  with  tow,  and  in  this  hot  state,  water  is 
spruilded  over  them,  and  they  crack.  "Wlien  quite  cold, 
thecake  of  camphor,  weigliing  about  lllbs.,is  removed, 
and  trmnned,  by  paring  and  scraping  into  the  form 
of  large  hemispherical  cakes,  perforated  in  the  middle. 
In  this  process  the  lime  retains  the  impurities  and  a 
portion  of  the  camphor:  tliclaiin  ;■  niuuivd  by, 
heating  the  mixture  in  an  iron  }"■  i  !      'I    ■!  il, 

aud  the  product  is  refined  by  a  -:  >  i  ,,  I    ,i   ;,   ,,,i ,.  ;i. 

In  a  large  chemical  factory  near  iiii]]iiiii;iiaiii,  \i  hich 
the  Editor  was  allowed  to  visit,  the  cauiphur-refiuuig 
room  contained  about  a  dozen  sand-baths,  standing 
parallel  to  each  other  across  the  room,  cacli  eonf  aiuiug 
about  ten  l"'!a:  ■•'■'•  - .     'I:,/  i.   .i,-  ■■  "i  t'r.r  i>  mu 


duction  of  iirc  into  the  room.  AccortUugly,  tiro  sand- 
baths  are  heated  from  baths  of  fusible  metal,  kept  at 
the  proper  temperatm-e  by  a  furnace  outside  ;  and,  to 
diminish  the  escape  of  the  caiii]i'i"r  v^jiniii-,  rneli 
bombolo  was  covered  with  a  uli  '  '  ',  'ir 
use  of  this  shade  was  stated  to  li  air, 

which,  if  admitted,  woidd  causi'  tin  -a  :,  ,  :  M  i  aaili.jr 
to  bo  opaque  instead  of  clear.  It  was  also  stated 
that  the  essential  oil  is  driven  off  from  the  crude 
camphor,  before  subliming.     [See  Appendix.] 

Camphor  (Co  o.  Hi  g,  O2)  is  a  white  and  semi-trans- 
parent solid  (sp.  gr.  0-990),  of  a  crystalline  fracture, 
a  peculiarly  fragi-ant  odour,  aud  a  warm,  pungent, 
and  somewhat  bitterish  taste,  accompanied  by  a  sense 
of  coldness  on  the  tongue.  It  is  soft  and  tough,  but 
can  be  readily  pulverised  if  moistened  with  a  few 
di-ops  of  spirits  of  wine.  It  evaporates  in  the  air  at 
ordinary  temperatures,  and  gradually  sublimes  in  close 
vessels,  and  attaches  itself  to  the  surfaces  most  ex- 
posed to  the  light.  If  a  vessel  csliaustcd  of  air,  and 
containing  a  piece  of  camphor,  be  exposed  to  the  ^jj  Rasping 
direct  rays  of  the  sun,  these  crystals  will  be  formed  "  '  ' 
speedily.  Wlieu  small  pieces  of  perfectly  clean  canr- 
phor  are  allowed  to  fall  upon  the  siu-face  of  pure 
water,  they  rotate  and  move  about  with  great  rapidity, 


sometimes  for  several  hours  together ;  but  if,  while 
the  camphor  is  rotating,  the  surface  of  the  water  be 
touched  with  any  greasy  substance,  (a  glass  rod  dipped 
in  turpentine  answers  best,)  all  the  floating  particles 
quickly  dart  back,  and  are  instantly  deprived  of  all 
motion.'  The  motions  of  the  camphor  are  accelerated 
by  placing  tie  glass  in  vacuo.  Camphor  fuses  at 
347°,  and  boils  at  399°,  when  it  may  be  distilled 
without  decomposition.  The  density  of  camphor- 
vapour  is  5.31.  Camphor  is  sparingly  soluble  in 
wafer  ;  1  j-.art  of  camphor  requiring  alxiut  1,000  parts 


,    ;  ..,:.-.i,       '  ^      ■  I         I. ■.::., -sub- 

0.S06)  dissolve  l-:?0  of  camphor,  foniiing  the  cai.iphor- 
(iled  sjiirit  of  the  Pharmacopa;ia.  On  adding  water 
to  this,  nearly  all  the  camphor  is  thrown  down,  in  a 
minutely  divided  state.  Considerable  use  is  made  of 
camphor  in  medicine,  both  as  an  internal  aud  an  ex- 
ternal remedy ;  but  it  ought  never  to  be  taken  in- 
ternally without  medical  advice.  A  dose  of  two 
scruples  appears  to  be  suJEcicnt  to  cause  death. 

Camphoric  acid  (3  HO,  Coo  H14  O^)  is  obtained 
by  the  action  of  nitric  acid  upon  camphor. 

CAMWOOD,  a  red  dye-wood,  obtained  from  the 
vicinity  of  Sierra  Leone.  Its  colouring  matter  differs 
but  little  from  that  of  Nicaragua  wood. 

CANAL,  see  Navigation,  Inland. 

CANDLE,  a  cylinder  or  slightly  conical  rod  formed 
of  solid  fat,  in  the  axis  of  which  a  bundle  of  parallel, 
twisted  or  woven  fibres  is  enolosed. 

It  is  necessary  to  the  due  comprehension  tif  some 
of  the  details  of  candle-makin.  i-  ^  :Ji  1  l.ii,  (ly  into 
the  chemistry  of  fats  and  "li  "         1    lirst- 

rate  importance  to  the  wcll'a IV  . a  1,  ,1,  1  ,r  large 
proportion  of  carbon  contaiiaal  m  iln  n  Miulcriiio 
them  valuable  sources  of  food  and  artificial  light. 
Most  fats  and  fixed  oils,  vegetable  and  animal,  are 
mixtures  of  two,  and  generally  three  distinct  com- 
pounds, each  of  which  taken  singly  has  all  the 
properties  of  fats.  The  first  of  these  substances, 
called  stearine,  (from  uTtap,  tallow  or  suet,)  is  solid 
at  common  temperatures ;  it  constitutes  the  solid 
fatty  ingredient  in  mutton-tallow ;  the  second  is  oleine, 
(from  fXatoi/,  oleum,  oil,)  aud  is  liquid  at  ordinary 
temperatures,  and  down  to  the  temperature  of  freezing 
water ;  the  third  substance  is  named  margarine,  (from 
itafiyapov,  a  pearl,)  on  account  of  its  mother-of-pearl 
lustre :  it  is  solid  at  ordinary  temperatures.  All 
fats  may  therefore  be  regarded  as  mixtures  of  the 
fluid  oleino  with  the  solid  steaiine  or  margarine.  If 
the  solid  be  in  larger  proportion  than  the  fluid,  as  in 
various  kinds  of  tallow,  it  requires  a  gi-catcr  degree 
of  heat  to  melt  it.  If  the  fluid  portion  prevails,  as 
in  the  oUs,  the  melting  point  is  lowered. 
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Eioh  of  these  three  substances  contains  an  organic 
b  lie,  01  substance  c  vpibk  ol  unitmg  with  aeids  to  form 
(m  mobt  cases)  a  neuti  al  compound  1  his  base  is  named 
ghjcenne  or  hjdrattd  oiide  of  glycuijl,^  and  is  united 
with  an  unctuous  substance  vrluch  has  acid  piopei ties 
The  £,l:)ccimo  is  common  to  all  the  tluee  f  itfy  pim 
ciplcs,  but  the  acid  in  each  has  its  o\ra  pecuhai 
ehai  ictcis  Thus,  the  acid  in  olcine  is  named  oleic 
(iLiI  \\hK\\  cimbniiug  with  the  Oiido  of  gljcciylof 
Ihc  okmc,  iinius  bhate  of  glycerine  So  also  the 
acid  of  sUuniic  is  called  stecirio  acid,  -which  ui  com 
bm  ition  with  the  oxide  of  glyoeiyl  of  the  stcaimc 
foims  stecn  ate  of  gli/cenne  Again,  the  aeid  of  mar 
jaiinc  is  called  marrjaric  acid,  this  combining  m ith 
the  oxide  of  glyceryl  of  the  maigaime  foims  mai- 
(jariiie  of  glycerine.     [See  Oils  and  Fats.] 

All  these  fatty  compounds  are  decomposed  by  free 
alkalies,  such  as  potash  and  soda ;  their  acids  quitting 
the  glycerine  to  unite  with  the  alkiilies,  forming  a 
soluble  snap,  while  the  glycerine  i^  left  behind  in  the 
mother  licpior.  The  liuid  s<.ii|.s  ul'  commerce  when 
made  with  oils  (|ial:ii  .i.nl  r  ,.  n  ,  j  oils  excepted) 
arc  chiefly  mixtures  .  .:; irate  of  soda, 

with  little  if  any  si.u.i-.  \'>  i.  iiir  hard  soaps 
are   made  with  auimai   lai?.    i  :■•■  ■    iri>:('irr":  of 

oleatc,  stearate  and  margaralr     :  '       ^   at.] 

The  chief  material  used  iu  iii:i':  I    '•  ■    i  ulnw. 

This  substance  is  the  coucivir  .  i  il  >  ,<  i,  'iier, 
sheep,  and  other  large  quadrupeds,  sejiarati-d  from 
the  fibrous  matter  wmch  accompanies  it.  There  are 
two  principal  varieties  of  tallow,  arranged  according 
to  their  purity  and  consistence  into  eandle  and  soup 
(allow.  It  is  generally  sufficiently  pure  for  soap- 
making  without  previous  preparation.  The  supply  is 
made  up  by  home  slaughter,  and  also  by  importation, 
chiefly  from  Russia,  y,liir-li   si'iijilli--;  us  every  year 

with  no  less  a  quan;  ■  ,  •'       ' '  -r  70,000  tons. 

A  large  quantity  is  ;il    I  \  i  i  alia  and  from 

the  states  of  Rio  ilr  in  I  liii  lin  importation  of 
tallow  is  still  on  the  increase. 

Candles  are  also  made  in  very  great  numbers  from 
palm  oil.  This  substance  is  obtained  from  the 
western  coast  of  Africa,  south  of  Fernando  Po,  from 
the  fruit  of  the  oil  jKilm  {Elais  guineensis).  The  fruit 
extorually  is  of  a  golden  yellow  colour,  and  about  the 
size  and  shape  of  a  jiigcou's  egg.  Its  fleshy  covering 
is  detached  from  the  kernel  and  bruised  into  a  paste, 
which  bemg  agitated  with  boiling  water,  the  oil  rises 
to  the  sm-face  and  concretes  as  it  cools.  Pi-esh  pahn 
oil  is  of  an  orange  yellow  colour,  of  a  sweetish  taste, 
and  of  an  odour  resembling  that  of  violets.  Its  melting 
point  is  81°,  but  after  the  oil  has  been  kept  some 
time  it  melts  at  90°  or  96°.  The  oil  becomes  rancid 
by  cxposm-e  to  the  an-,  and  glycerine  and  fatty  aeids 
are  liberated.  It  contains  about  two-thii-ds  of  its 
weight  of  a  peculiar  white  soUd  fat,  wliich  has  been 
named  palmitine,  the  remainder  consistuig  chiefl.y  of 
oleine.  Upwards  of  25,000  tons  of  pahn  oU  are 
annually  imported  into  this  country  iu  exchange  for 
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goods  of  British  manufacture  This  trade,  profitable 
alike  to  Africa  aud  to  Gieat  Britain,  lias  also  a 
fi\ouiable  effect  m  checking  the  slave  tiade,  the 
SOI  vices  of  the  natives  at  home  bemg  leqiuied  lor 
picpaimg  the  od 

Such  aie  the  chief  mdciuls  uslI  m  Ih.  lainufac 
tuie   of    candks      i     1  i   I      of 

tallow,  and  aiL  (  1   It  n 

suet  ^\lth  a  pill  '^"''^ 

candles,  which   u         i        I  I    i      t    I  i\e 

a  glossy  surface  C  um  t  11  it  i  u  l  1  i  dijis 
The  fiist  opeiation  m  candk  1 1  dvin^'  is  to  soit  md 
melt  the  toUow,  and  this  shoidd  be  done  as  soon  as 
possible  after  the  fat  has  been  icmo\ed  fiom  the  cai 
cass,  because  the  fibrous  and  fleshy  substances  mixed 
with  it  promote  putrefaction.  The  tallow  is  usually 
melted  in  an  open  copper  exposed  to  the  direct  action 
of  the  fire,  and  after  fusing  for  a  considerable  time, 
the  membranous  matters  collect  at  the  sm-face. 
These  are  removed,  and  after  the  fat  has  been  squeezed 
out  at  a  press,  they  form  greaves  or  cracMings,  some- 
times used  for  feeding  dogs.  The  melted  tallow  is 
passed  through  a  sieve  into  another  copper,  where  it 
is  washed  -with  a  quantity  of  boiling  water.  The  im- 
purities settle  down  with  the  water  at  the  bottom  of 
the  copper,  and  the  purified  tallow  is  lifted  out  ia 
buckets  of  tinned  iron  into  tubs,  where  it  cools  and 
is  ready  for  use. 

In  the  method  adopted  in  France  and  on  the  Con- 
tinent for  extracting  the  fatty  matters  from  the  cells 
or  tissues  iu  which  they  are  confined,  the  direct 
action  of  fire  is  not  employed,  but  the  sunple  agency 
of  steam  combined  with  dilute  sulphuric  acid.  The 
fatty  matter  is  left  to  macerate  for  a  day  or  two  with 
very  weak  oil  of  vitriol,  after  which  about  400  lbs. 
are  taken  out  of  the  macerating  tubs,  and  put  with 
24  gallons  of  water  and  7  lbs.  of  sulphuric  acid 
(specific  gravity  1.S45)  into  proper  wooden  vessels, 
where  the  mixture  is  subjected  to  a  jet  of  steam, 
whiehsooneausesthewlioloi.il.  il  r  :  r  llio  in- 
fluence of  heat  and  of  the  \.  nilro- 
geuated  tissue  which  envoi  lip.  ;;:i  ;.  .  ,  rapidly 
destroyed,  and  the  hberatoJ  '  os  on 
the  sm-face  of  the  boUins  ^vv  i  .  iVom 
all  foreign  matters;  after  wi,                ;  i  '  ;   -i(aiiiis 

stopped,  and  the  tallow  is  hi  n.,  i.,  ,,  i  ,.    i-riipor 

receiver.  The  sunple  addition  «.!  a  Liilo  \iLiiol  re- 
prepares  the  melting  vessels  to  receive  a  new  charge 
of  macerated  fat,  wliich  also  becomes  fit  for  lettmg 
off  after  a  short  time. 

Larger  pans  are  required  than  those  used  in 
England  to  do  the  same  amount  of  work ;  but  the 
operations  are  performed  more  quickly.  From  lOOlbs. 
of  fatty  matter  85  lbs.  of  taUow  are  produced  by  tliis 
method,  whilst  the  more  dangerous  one  now  practised 
gives  only  82  lbs.,  so  that  the  manufacturer  gets 
three  per  cent,  more  tidlow  by  the  above  process, 
which  amply  repays  him  for  the  5ilbs.  of  scraps 
which  are  in  a  great  measure  lost.  But  the  animal 
matters  remaining  in  the  pan  can  be  used  as  manure, 
or,  by  mixing  them  with  saw-dust,  as  fuel.  This 
method  renders  tallow-melting  safe,  and  gets  rid  of 


that  most  disagreeable  odour  which  characterises  the 
neighbourhood  of  taHow-melting  cstabKshments. 

The  wicks  used  for  the  best  candles  are  cotton 
rovings  imported  from  Turkey.  Four  or  more  skeins, 
according  to  the  thifekness  of  the  wick,  are  wound  off 
at  one  time  into  bottoms  or  chies,  and  afterwards  cut 
to  the  proper  lengths,  being  first  doubled  and  twisted 
so  as  to  leave  a  loop  at  one  end.  W  m  I.-  i-r  uiim  imllcs 
are  also  cut  very  expeditiously  1      i      i  I'mHs 

of  cotton  previously  made  into  :i  !  -  .ul, 

consisting  of  a  dozen  or  ir.orc  thh,  >!  ,  ..  ii^  ;,  il  dif. 
feriug  in  thickness  according  to  the  size  of  the 
candles,  are  put  into  a  box  or  drawer.  The  ends  are 
then  attached  to  a  rod  or  broach,  and  equal  lengths 
of  cotton  are  cut  off  by  drawing  a  biife  along  a 
whole  range  of  them  at  once,  a  slight  twist  being 
given  to  the  whole  of  them  by  the  action  of  the  ma- 
diiue.  When  the  wicks  are  cut  to  the  proper  length 
they  are  dipped  into  melted  tallow  and  rubbed 
between  the  palms  of  the  hands ;  and  on  being  left 
to  harden  they  are  arranged  upon  smooth  sticks  or 
broaches  about  half  an  inch  in  diameter  and  three  feet 
long,  for  the  purpose  of  dipping.  The  dipping-room 
contains  a  boiler  for  melting  the  tallow,  a  dipping- 
mould  or  cistern,  and  a  largo  wheel  for  supporting 
the  broaches.  A  long  balance-shaped  beam  is  sus- 
pended from  the  ceiling,  to  one  end  of  which  is 
attached  a  wooden  frame  for  holding  the  broaches 
with  the  wicks  properly  arranged.  The  opposite  end 
of  the  beam  has  a  scale-pan  with  weights  to  counter- 
balance the  wooden  frame,  and  to  enable  the  work- 
man to  determine  the  size  of  the  candles.  The  end 
of  the  lever  which  supports  the  frame  is  situated 
just  above  the  dipping-cistern,  so  that  by  gently 
pressing  down  the  balanced  beam,  the  wicks  descend 
into  tlie  melted  tallow,  Fig.  419,  which  is  kept  in  a 


proper  state  of  fluidity  by  a  brazier  or  a  bath  of  hot 
water  on  the  outside.  The  wicks  are  dipped  three 
times  for  the  first  lay,  and  after  being  kept  a  short 
tune  over  the  cistern  for  the  wicks  to  drain,  the 
sticks  are  placed  on  a  rack,  and  the  candles  are  left 
to  harden.  The  same  process  is  repeated  a  second 
smd  third  time,  or  oftener,  according  to  the  required 
■weight  of  the  candles,  a  sufficient  time  being  allowed 
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between  each  dipping  for  the  taUow  to  consolidate  ; 
hence  the  dipping-room  requires  to  be  kept  cool ;  for 
which  pui-pose  the  business  of  caudle-making  is  con- 
fined to  the  cooler  months  of  the  year ;  but  if  carried 
on  in  smnmer,  the  cooler  part  of  the  night  is  the  time 
prefereed. 

Various  machines  for  dipping  candles  have  been 
introduced.  They  do  not  require  any  special 
description,  but  we  may  refer  to  one  that  has  been 
long  in  use  at  Edinburgh.  It  consists  essentially 
of  a  strong  upright  post,  turning  upon  pivots,  and 
supporting  a  wheel  with  12  horizontal  arms,  from 
the  end  of  each  of  which  is  a  frame  or  posi  containing 
6  rods,  on  each  of  which  are  IS  wicks,  making 
altogether  1,296  wicks.  On  turning  the  wheel 
round,  each  post  is  brought  in  succession  over  the 
dipping-mould,  and  the  wicks  receive  a  fresh  coating. 
The  constant  motion  through  the  air  tends  to  con- 
solidate the  tallow,  and  it  is  stated  that  in  moderately 
cold  weather,  a  wheel  of  common-sized  candles  can 
be  finished  in  two  hours. 

The  moidds  used  in  making  mould  candles  are  of 
pewter,  and  consist  of  two  parts ;  namely,  a  hollow 
cylinder  of  the  length  of  the  candle  open  at  both 
ends,  and  nicely  polished  on  the  inside ;  and  a  small 
metallic  conical  cap  with  a  hole  in  the  centre  for  the 
wick.  Glass  moulds  have  also  been  lately  iutroduced. 
S  or  12  of  these  moulds  are  fixed  in  a  wooden  frame, 
the  upper  part  of  which  is  a  trough,  into  which  the 
open  extremities  of  the  moulds  are  inserted  on  a  level 
with  its  surface,  so  that  the  tops  of  the  moulds  point 
downwards.  In  order  to  insert  the  wicks  the  ft-ame 
is  placed  on  its  side,  and  the  man  introduces  a  hooked 
wii-e  into  the  mould,  and  passing  it  out  through  the 
point  at  the  top  attaches  to  it  the  loop  of  a  wick,  a 
number  of  which  he  holds  in  his  left  hand ;  he  then 
draws  back  the  wire,  and  brings  the  wick  along  with 
it.  AU  the  moidds  being  thus  provided,  another  man 
passes  a  small  wire  through  the  loop  of  each  wick,  for 
the  purpose  of  keeping  it  stretched  in  the  centre,  or 
along  the  axis  of  the  cylinder.  The  moulds  are 
filled  by  running  taUow  into  the  trough  from  a  boiler 
kept  at  the  proper  temperature,  and  furnished  with  a 
cock  or  tap.  When  the  moulds  are  almost  half  filled 
the  supply  of  tallow  is  cut  off,  and  the  workman 
laying  hold  of  the  portion  of  each  wick  that  projects 
from  the  point  puDs  it  tight.  This  prevents  the  wick 
from  curling,  and  sccvires  it  in  its  proper  position. 
The  filling  is  then  completed,  and  the  frame  put  aside 
to  cool.  The  candles  ought  to  remain  in  the  moidds 
until  the  next  day,  but  it  is  known  when  they  are 
properly  set  by  a  snapping  noise  produced  by  pressing 
the  thumb  against  the  bottom  of  the  moulds.  When 
this  occurs  the  wires  are  pulled  out,  the  superfluous 
tallow  is  scraped  off  with  a  small  wooden  spade ;  a 
bodkin  is  introduced  into  the  loop  of  the  wicks,  and 
the  candles  are  withdrawn  in  succession.  They  are 
then  removed  to  the  storehouse,  where  m  the  course 
of  a  few  months  they  become  sufficiently  white  for 
sale.     No  duty  is  now  paid  on  candles. 

The  tallow  used  in  moulding  is  sometimes  melted 
over  a  solutinn  of  alum,  the  sulphuric  acid  of  which 
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appears  to  act  as  a  pui-iSer.  The  proper  consistence 
for  modding  is  judged  of  by  tlie  appearance  of  a  scum 
on  the  surface,  which  forms  in  hot  weather  between 
111°  and  119°  Pahr. ;  in  mild  weather  at  108°,  and 
in  cold  at  about  104°. 

Wax  is  not  adapted  for  mouldiag,  in  consequence 
of  the  contraction  which  it  undergoes  in  cooling,  and 
the  tenacity  with  which  it  adheres  to  the  sides  of  the 
moulds.  Wax  candles  are  made  in  the  following 
manner :— A  ^set  of  wicks  properly  cut  and  twisted, 
and  warmed  at  a  stove,  are  attached  to  a  ring  of 
wood  or  metal,  and  suspended  over  a  basin  of  melted 
wax,  which  is  taken  up  by  a  large  ladle  and  poured 
on  the  tops  of  the  wicks,  each  wick  being  kept  con- 
stantly twisted  round  its  axis  by  the  fingers;  the 
wax  in  running  down  adheres  to  the  wioks,  and 
pletely  covers  them.  This  process  is  repeated  at 
intervals  until  a  sufficient  thickness  is  attained.  ~" 
candles  are  then  rolled  whUo  hot  ^vith  a  flat  su 
of  box-wood  upon  a  smooth  table  of  walnut-wood 
kept  constantly  wet ;  this  makes  them  truly  cylin- 
cb-ical.  This  basting,  twisting  of  the  wicks  and 
roUiiig  is  sometimes  repeated  two  or  three  times 
before  the  caudles  are  finished,  but  a  skilful  worki 
will  cover  the  wieks  with  the  proper  quantity  of  ' 
without  taking  them  down.  If  a  wax  candle  be 
broken  across,  the  annular  layers,  like  the  yearly 
rings  in  wood,  can  be  easily  counted,  and  their 
number  indicates  the  number  of  times  the  wax  has 
been  poured  over  the  wick. 

The  large  wax  candles  used  in  Roman  Catholic 
churches  are  made  by  placing  a  wick  upon  a  slab  of 
wax,  bending  this  together  and  then  rolling  it. 

The  long,  thin,  coiled  wax  tapers  are  made  i 
foUowmg  manner : — the  wick,  which  must  be  uniform, 
is  wound  round  a  drum,  from  which  it  is  passed  into 
the  wax  pan,  at  the  bottom  of  which  is  fixed 
guiding  roller,  and  from  thence  through  a  drawing 
plate  to  a  second  di-um.  The  drawing  plate  is  of 
metal,  and  is  similar  to  that  used  in  wii-e-drawing ; 
the  holes  in  it  correspond  in  size  to  the  diameter  of 
the  taper,  and  the  wick  is  passed  through  smaller  and 
smaller  holes  until  it  is  of  the  proper  thickness. 

Eush-lights  are  made  in  the  same  manner  as  dip 
candle.",.  The  Kev.  Gilbert  Wiite,  in  his  "Natural 
History  of  Selbome,"  describes  the  method  of 
making  them  by  the  cottagers  of  Hampshii-e.  He 
says : — "  The  proper  species  of  rush  for  this  purpose 
seems  to  be  the  juiiciis  effttsiis,  or  common  soft  rush, 
which  is  to  be  fouud  in  most  moist  pastui'es,  by  the 
sides  of  streams  and  under  hedges.  These  rushes  are 
in  best  condition  in  the  height  of  summer ;  but  may 
be  gathered,  so  as  to  serve  the  purpose  well,  quite  on 
to  autumn.  It  would  be  needless  to  add,  that  the 
largest  and  longest  are  best.  Decayed  labourers, 
women,  and  childi-en,  make  it  their  business  to 
procure  and  prepare  them.  As  soon  as  they  are  out 
they  must  be  flung  into  water,  and  kept  there ;  for 
otherwise  they  wUl  dry  and  shrink,  and  the  peel  will 
not  run.  At  first  a  person  would  find  it  no  easy 
matter  to  divest  a  rush  of  its  peel  or  rind,  so  as  to 
leave   one  regidar,   narrow,  even  rib  from  top  to 


bottom  that  may  support  the  pith:  but  this,  like 
other  feats,  soon  becomes  familiar  even  to  children ; 
and  we  have  seen  an  old  woman,  stone  blind,  per- 
forming this  business  with  great  despatch,  and  seldom 
failing  to  strip  them  with  the  nicest  regularity. 
When  these  junci  are  thus  far  prepared,  they  must 
lie  out  on  the  grass  to  be  bleached  and  take  the  dew 
for  some  nights,  and  afterwards  be  dried  in  the  sun. 

"  Some  addi-ess  is  required  in  dipping  these  rushes 
in  the  scalding  fat  or  grease ;  but  this  knack  also  is 
to  be  attained  by  practice.  The  careful  wife  of  an 
industrious  Hampshire  labourer  obtains  all  her  fat  for 
nothing ;  for  she  saves  the  soummings  of  her  bacon- 
pot  for  this  use :  and  if  the  grease  abounds  with  salt, 
she  causes  the  salt  to  precipitate  to  the  bottom,  by 
setting  the  seummings  in  a  warm  oven.  Wlicre 
hogs  are  not  much  in  use,  and  especially  by  the  sea- 
side, the  coarser  animal  oils  will  come  very  cheap. 
A  pound  of  common  grease  may  be  procured  for 
four-pence;  and  about  6 lbs.  of  grease  will  dip  a 
pound  of  rushes ;  and  one  pound  of  rushes  may  be 
bought  for  one  shilling ;  so  that  a  pound  of  rushes, 
medicated  and  ready  for  use,  will  cost  three  shillings. 
If  men  that  keep  bees  will  mix  a  little  wax  with  the 
grease,  it  will  give  it  a  consistency  and  render  it 
more  cleanly,  and  make  the  rushes  bum  longer: 
mutton  suet  would  have  the  same  effect.  A  good 
rush,  which  measured  in  length  2  feet  4i  inches, 
being  minuted,  burnt  only  3  minutes  short  of  an 
hour.  These  rushes  give  a  good  clear  light.  Watch 
lights  (coated  with  tallow)  it  is  true  shed  a  dismal 
one,  'darkness  visible;'  but  then  the  wicks  of  those 
have  two  ribs  of  the  rind  or  peel  to  support  the  pith, 
while  the  wick  of  the  dipped  i-ush  has  but  one.  The 
two  ribs  are  intended  to  impede  the  progress  of  the 
flame  and  make  the  candle  last. 

"In  a  pound  of  dry  rushes,  avoirdupois,  which 

1  caused  to  be  weighed  and  nimibered,  we  found 
upwards  of  1,600  individuals.  Now  suppose  eaeli 
of  these  burns,  one  with  another,  only  half  an  horn-, 
then  a  poor  man  will  piu'chase  800  hoiu-s  of  light, 
a  time  exceeding'  33  entn-e  days,  for  thi-ee  shillings. 
According  to  this  account,  each  rush  before  dipping 
costs  aV  d  of  a  farthing,  and  -f^ih.  afterwards.  Thus 
a  poor  family  will  enjoy  5|  hours  of  comfortable 
light  for  a  farthing.  An  experienced  old  housekeeper 
assui-es  me  that  IJlb.  of  rashes  completely  supplies 
his  family  the  year  round,  smee  working  people  bum 
no  candle  in  the  long  days,  because  they  rise  and  go 
to  bed  by  day-light.  Little  farmers  use  rashes  much 
in  the  short  days,  both  morning'  and  evening,  in  the 
daii-y  and  kitchen;  but  the  very  poor,  who  are  always 
the  worst  economists,  and  therefore  must  continue 
very  poor,  buy  a  halfpenny  candle  every  evening, 
which  in  then-  blowing  open  rooms  docs  not  burn 
much  more  than  2   hours.    Thus  have  they  only 

2  houi-s'  light  for  their  money,  instead  of  11."  ' 


Considerable  improvements  have  been  made  of  late 
years  in  the  manufacture  of  candles,  by  decomposing 
the  fatty  or  oily  substances  used  for  the  purpose, 
and  employing  the  stearine  (stearic  acid)  or  palmitine 
(palmitic  acid)  only.  TVc  wiU  first  describe  the  pro- 
cesses adopted  in  the  manufacture  of  stearine  candles, 
taking  as  our  chief  authority,  the  account  given  by 
M.  Dumas  in  the  sixth  volume  of  his  "  Traito  do 
Chimie  appliquee  aus  Ai-ts."     (1S43.) 

If  the  reader  Tvill  again  refer  to  the  constitution 
of  fatty  substances  as  stated  at  the  commencement 
of  this  article,  the  following  details  will  be  iutel- 
Ugible.    [See  also  Oils  and  Fats.] 

The  first  process  con'^ists  in  di -tuning  the  com- 
bination of  the  fatty  acids  -m  '^   ■'        '  .  by 
means  of  lime  which  displari                                    ti  , 
margaratc,  and  oleate  of  liim      i                          ihe 
form  of  a  solid  soap,  and  the  ^1                 i        i  In  ify 
is  dissolved  in  the  water  nccPssTij  to  dctLinuue  the 
combination.    The  lime  must  be  as  caustic  as  possible, 
and  be  thorouglily  incorporated  with  the  fat.     For 
this  purpose,  about  l,100lbs.  of  fat  are  placed  in 
a  vessel  of  wood,  slightly  conical  and  of  the  capacity 
of  about  100  gallons,  together  with  a  quantity  nl 
water  sufficient  to  dissolve  the  ghruine-  this  Mil! 
be  about  50  gallons.    The  tcm]         u      t"  /       1   ' 
is  raised  by  introducing  a  jet  nl 
and  when  the  fat  is  melted,     ' 
well  mixed  up  with  water  au'     111     i  1  i'        ' 
well  stirred  up   by  machmery  until   tlio    chcinn 
changes  shall  have  been  effectually  produced.     Fu 
420,  421,  show  the  arrangements  of  this  vessel  i 
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section  and  plan  A  eential  axis,  which  is  connected 
at  a  with  the  moving  power  of  the  establishment, 
carries  a  number  of  horizontal  anus,  A  b,  furnished  with 
teeth  or  cutters,  shown  on  a  larger  scale  above.  The 
brisk  motion  of  this  stirrer  causes  the  lime  to  combine 
with  the  fatty  acids  in  a  shorter  time  and  with  a  less 
quantity  of  Kme,  than  could  be  effected  by  stirring 
by  hand  labour.  At  the  end  of  6  or  S  hours,  the 
saponification  is  complete;  the  liquid  portion  con- 
taining the  glyeerhie  in  solution  is  diawn  off,  and  the 
stearate,  margarate,  and  oleate  of  lime,  are  then  re- 
moved in  the  form  of  very  hard  soaps. 

The  next   process   is   to   separate  the  lime  from 
the  fatty  acids:   this  is  effected  by  means  of  dilutt 
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sulphuric  acid,  for  which  pirrpose,  the  weak  acid 
as  it  leaves  the  sulphuric  acid  chambers,  answers 
very  well ;  hence  the  manufacturers  of  stearine  find 
an  advantage  in  having  their  works  in  close  proximity 
to  sulphiu'io  acid  works,  or  even  in  manufacturing  the 
acid  themselves,  as  the  expensive  process  of  concen- 
tration can  be  entirely  dispensed  with.  [Sen  Scl- 
pnumc  Acid.] 

In  order  that  the  acid  may  act  effectually  upon  the 
soaps,  it  is  necessary  that  they  should  be  reduced  to 
powder.  In  some  works  this  is  done  roughly  by 
hand  labour;  but  it  is  much  more  economical  to 
supply  machinery,  such  as  grooved  cylinders,  kept  con- 
stantly cool  by  a  current  of  water  passing  through 
them,  otherwise  the  soap  in  passing  between  them 
would  raise  the  temperature,  and  form  into  laminae 
instead  of  powder. 

The  vessels  in  whicli  the  decomposition  is  eff'ected 
resemMj  th    ■  -  n^cl  fur  ili  ■  -n.^.iiilicali.ui,  cxcciit  that 


the  action  of  the  snlphui 
bv  1  jet  of  steam  or  by  a  r  ' 
an  ngitatoi  An  excess  ot 
ensure  the  complete  satiuati  n  ul 
foims  a  sohd  sulphate  of  lime,  and  sets  the  three 
fattv  aeidb  at  hbeity  The  decomposition  lo  efTcted 
m  about  3  hours.  The  mistiu-e  being  then  left  quiet, 
the  fatty  acids  float  on  the  surface,  and  the  sulphate 
of  lime  falls  to  the  bottom  of  the  vessel.  The  fatty 
acids  are  drawl^  off  by  means  of  a  stop-cock  at  the 
side,  into  a  wooden  vessel  Imed  with  lead,  and  heated 
by  means  of  steam.  The  last  traces  of  the  lime  are 
removed  by  wasliing  with  a  very  dduto  solution  of 
sidphurie  acid.  The  fatty  acids  are  next  washed  in 
another  vessel  with  pure  water,  and  are  then  drawn 
off  into  moulds  of  sheet-iron,  the  sides  of  which 
slope  m  towards  the  bottom,  in  order  that  they  may 
deliver  the  cake  of  solid  acid  more  readily. 


Wheu  the  moulds  have  become  cold,  the  cakes, 
weighing  about  GO  lbs.  each,  have  a  yellow  tint  and  a 
greasy  appearance,  both  which  defects  arise  from  the 
raeohanieal  mixture  of  the  liquid  oleic  acid,  with  the 
crystals  of  the  solid  stearic  and  margaric  acids.  The 
fluid  acid  is  got  rid  of  by  subjecting  the  mass  to 
strong  pressure.  For  this  purpose  the  cakes  are  cut  up 
into  slices  by  means  of  the  machine  shown  in  Figs. 
423,  42i.  A  knife  e  is  let  into  one  of  the  radii  of  a 
Hy  -wheel,  which  is  mounted  on  a  horizontal  axis,  and 
moved  by  a  sti-ap  passing  over  a  fast  and  loose  pulley,  k. 
The  motion  of  this  axis  also  sets  in  motion  an  endless 
band  i,  on  which  the  solid  cake  is  placed,  and  by  this 
means  is  brought  up  to  the  knife  to  be  cut.  It  wnll 
be  seen  that  the  endless  screw/ on  the  axis  of  the 
fly  gives  motion  to  the  toothed  wl  cely  ^ud  tl  s  in 


its  turn  to  g  wluth  ciiiics  on  its  axis  one  of  the 
roller';  on  which  the  endless  band  is  made  to  moi  e 
''''^ese  toothed  nheels  aie  so  arranged  that  for  every 
turn  of  the  fly  d,  and  consequently  of  the  endless 
corew/  the  cake  c  advances  through  a  space  equal  to 
t"?i?.i  of  one  of  the  slices  cut  oif ;  and  it  is  evident 
that  whatever  be  the  rate  of  motion  of  the  fly,  the 
slices  -will  always  be  of  the  same  thickness.  The 
endless  band  is  supported  by  a  fixed  plank  to  prevent 
it  from  being  warped  by  the  weight  of  the  cakes. 

As  soon  as  the  cakes  are  cut  up,  the  slices 
are  arranged  in  thin  layers  in  bags  of  serge  or 
on  mats  piled  one  above  another.  These  are  ar- 
ranged on  the  stage  of  a  hydrostatic  press,  and 
subjected  to  great  pressure.  A  large  portion  of  the 
oleic  acid  escapes  with  pressure  only,  but  for  the  re- 
maining portion,  as  well  as  for  the  margaric  acid,  the 
pressure  must  he  assisted  by  heat.  For  this  purpose 
the  bags  or  mats  are  placed  between  strong,  hollow, 
shallow  boxes  covered  with  felt,  and  filled  with  steam 
by  means  of  jointed  )>ipe3,  which  admit  of  being 
lengthened  or  shortened  without  interfering  with  the 
supply  of  steam.  The  oleic  acid  is  received  into  a 
vessel,  where  it  deposits  a  quantity  of  stearic  acid, 
which  the  high  temperature  has  assisted  in  bringing 
over.  This  fluid  acid  is  used  in  soap-making,  and  as 
a  cheap  oU  for  variegated  lamps,  and  other  purposes. 
The  solid  stearic  and  margaric  acids  are  pressed  a 
second  time,  after  which  they  appcau  of  a  brilliant 
whiteness,  and  form  more  than  45  per  cent,  of  the 
fat  employed.  They  are  then  taken  to  vats,  where 
they  are  further  purified  with  very  dilute  sulpliuric 
acid,  which  removes  all  remaining  traces  of  lime  and 


other  impurities;  and  lastly,  the  sulphuric  ac 
removed   by  repeatedly  washing  with  water, 
vats  itt  which  these  operations  aic  conducted  ai 
heated  by  means  of 
in  Fig.  425.     Aftci   : 
acids    are    decanted 
into  a  lower  vat  con- 
taining  pure   water, 
which   is    frequently 
renewed.     They  are 
again  left  to  repose, 
and  are  finally  drawn 
olT  into   moulds,    m 
which  the  cakes  are 

formed  of  a  peifeetly  \\lite  colo-r,  and  fit  for  the 
manuficture  of  candleo 

Pilm  od  as  already  stated,  is  extensively  used  in 
tl  e  n  a  facture  of  candles.  In  order  to  obtain  the 
bea  it  I  il  -nhite  acids  of  which  candles  are  now  made, 
seveiol  plans  ha\e  been  adopted,  of  which  the  fol- 
lowing is  an  outhne  The  oU,  which  is  of  an  orange 
>  ellow  coloui  IS  bleached  by  exposure  to  the  air  in 
laige  shallow  backs  or  vessels  similar  to  brewers' 
coolers  TVatei  to  the  depth  of  7  or  8  inches  is  first 
let  mto  the  backs  and  this  is  raised  to  about  the 
tempeiature  of  boikng  water  by  means  of  coils  of 
]  \\  es  filled  with  steam  The  oil  is  then  added,  which 
soon  melts  and  diffuses  itself  in  an  equable  layer  over 
the  surface  of  the  hot  water.  This  layer  ought  not 
to  be  raoie  than  1 J  oi  2  inches  thick.  By  the  united 
action  of  air  bght  and  a  high  temperature,  the 
bleaching  proceeds  rapidly  and  is  completed  in  about 
10  or  15  hours.  The  oil  still  has  a  slight  reddish 
tint,  and  when  cold  is  of  a  dirty  white  coloui-.  In 
this  state  it  is  well  adapted  to  the  manufacture  of  an 
exceDent  white  soap  of  great  hardness.  For  the 
manufacture  of  candles  it  is  put  mto  woollen  bags, 
and  subjected  to  strong  compression  in  a  hydi'ostatic 
press,  first  at  a  temperature  of  about  55°,  and  a 
second  time  at  tlie  temperature  of  about  86°.  The 
sohd  matter  which  remains  is  melted  in  a  vessel  con- 
taining a  coil  of  pipe  heated  by  steam.  After  resting 
for  a  time  it  is  decanted,  and  G  per  cent,  of  wax  is 
added.  It  is  then  fit  to  be  employed  in  the  manufac- 
ture of  mould  candles. 

Davidson's  method  of  bleaching  palm  oil  consists 
in  first  melting  it  in  an  irou  vessel  lined  with  lead, 
with  the  addition  of  from  6  to  11  per  cent,  of  chloride  of 
lime  previously  mixed  with  12  parts  water.  The  ingre- 
dients are  thoroughly  incorporated,  and  left  to  beeome 
cold.  The  cakes  thus  formed  are  cut  up  into  small 
pieces,  and  exposed  to  the  air  for  two  or  three  weeks. 
The  chlorine  which  is  liberated  slowly  bleaches  the 
on.  The  Hme  is  then  separated  by  dilute  sulphuric 
acid,  which  disengages  the  remainder  of  the  chlorine, 
and  completes  the  bleaching.  The  objection  to  this 
process  is,  that  the  clilorine  at  a  high  temperature 
attacks  the  oU,  decomposes  the  palmitic  acid,  and 
itself  takes  the  place  of  the  hydrogen  of  the  acid. 

Palm  oil  has  also  been  bleached  by  the  use   of 
oxygen.  The  oil  is  mixed  with  -jVth  of  finely  powdered 
■  )iliiig  water  equal  to  half  the  weight 


cf  (lie  mixtui-o  is  then  added,  and  with  constant  agi- 
tation strong  sulphuric  acid  equal  to  ^d  of  the  weight 
of  the  oil  is  poured  upon  the  mixture.  The  mass  is 
then  allowed  to  cool.  The  solidified  fat  is  of  a 
greenish  hue,  but  soon  becomes  white  by  exposure  to 
air  and  Lght. 

Palm  oil  poured  slowly  over  a  heated  iron  plate 
absorbs  oxygen  from  the  air  with  the  evolution  of  an 
acid  vapour,  and  becomes  converted  into  a  dear 
colourless  fat.  The  colouring  matter  beguis  to  de- 
compose at  the  temperature  of  230°,  and  when  this 
heat  has  been  attained  over  an  open  fire,  the  tempe- 
rature is  maintained  by  the  introduction  of  a  current 
of  high-pressure  steam,  and  the  decomposition  is 
promoted  by  constant  sturing.  4  tons  of  palm  oil 
can  thus  be  decolorized  in  10  hours. 

The  most  complete  and  rapid,  but  also  the  most 
expeusive   method   of  bleaching,  is  by  the  use  of 
bichromate   of    potash,   and    strong    mineral  acids. 
This  is  Watt's  method,  and  consists  in  an  oxidation 
of  the  colourmg  matter  by  chromic  acid.     The  oil  is 
first  melted,  and  allowed  to  stand  to  deposit  its  nie- 
clianical  impurities.     The  clear  oil  is  then  drawn  olT 
into  wooden  vessels,  mixed  with  a  concentrated  solu- 
tion  of  25  lbs.  of  bichromate   of  potash,   8  lbs.   of 
sulphuric  acid,  and  about  50  lbs.  of  strong  muriat 
acid  to  the  ton  of  oil.    The  whole  is  well  stiii 
together.     (Instead  of  mmiatic  acid,  common  s  i 
with  an  additional  quantity  of  sulphuric  acid  ma\  1 
used.)     In  a  few  minutes  the  light  green  appearand 
of  the  oil,  and  the  rismg  of  a  thick  scum  to  tli 
surface,  indicate  the  completion  of  the  process.     1 
can  readily  be  seen  by  the  colour  of  specimens  alloM  e 
to  cool,  whether  a  sufficient  quantity  of  the  bleachmi, 
material  has  been  used.     In  tliis  process,  the  sul 
phuric  acid  combines  with  the  potash,  and  hberafc 
the  chromic  acid,  which  parting  with  half  its  oxygen 
to  destroy  the  colouring  matter  becomes  conveitcu  ' 
into  oxide  of  chi-omium.     The  muriatic  acid  forms  a 
.  soluble  compound  with  this  green  oxide,  eliloiide  oi 
chromium.    The  bleached  oil  has  now  to  be  separated 
from  the  aqueous  solution  of  chloride  of  chromium, 
(and  of  sulphate  of  soda  when  common  salt  has  been 
used.)     This  separates  as  the  heavier  liquid  upon 
which  the  oil  floats  when  the  warm  mixture  is  allowed 
to  repose  during  half  an  horn-.     The  fat  collected 
from  the  surface  is  then  washed  in  a  second  vessel 
with  water  made  to  boil  by  a  cm-rent  of  steam.     The 
process  of  bleaching  1  ton  of  oil  does  not  occupy 
more  than  5  nmiutes,  and  the  cost  is  about  16s.  Gd. 
per  ton. 

The  most  extensive  factory  m  this  country  of 
candles  made  from  the  bleached  solid  fat  of  palm  oil 
is  that  of  Price's  patent  candle  Company  at  Behnout, 
Vauxhall.  From  a  statement  published  m  the  Illus- 
trated London  News,  and  also  from  information  fui-- 
nished  to  the  Editor  durmg  his  visits  to  the  factory, 
we  learn  that  this  Company  working  day  and  night 
employs  above  700  hands,  in  addition  to  steam  and 
hydi-aulic  power,  and  consumes  upwards  of  4,000 
tons  of  palm  and  cocoa-nut  oil  per  annum.  Th( 
are   also    branch   works    at  Battcrsea.     The  oil 


imported  in  large  casks  or  tuns,  and  on  arriving  at 
the  works,  a  steam-pipe  is  introduced  into  each,  wliich 
has  the  effect  of  rendering  the  contents  fluid.  The 
oil  thus  liquefied  is  of  a  bright  orange  colour,  and  is 
conveyed  through  a  pipe  to  reservoirs,  where  it  is 
subjected  to  a  chemical  treatment  similar  to  that 
already  described  for  extracting  stcarine  from  animal 
fat.  A  part  only  of  this  process  is  conducted  at 
Vauxhall ;  the  remainder  is  performed  at  Battcrsea. 
The  transit  of  the  raw  material  (so  to  speak)  between 
the  two  factories  is  managed  by  means  of  barges. 
AVhen  the  material  is  returned  to  Vauxhall  it  is  in 
the  form  of  large  cakes  or  lumps,  which  are  cut  into 
slices  by  means  of  a  revolving  cutter  as  before  e.'w- 
plamcd.  Pig.  423.  The  solid  cake  is  brought  up  to 
the  cutter  by  means  of  an  endless  band,  and  the  slices 
as  they  are  cut  off  fall  down  a  tube  arranged  like 
the  tube  of  a. telescope,  so  as  to  be  shortened  or 
lengthened  at  plcasu IV.     Ai   tliu  l,<:inm  of  this  tube 
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backwards  and  forwards  through  a  space  equal  to 
that  which  two  of  the  cocoa-fibre  mats  on  which  the 
fatty  acids  are  spread  woidd  occupy  when  placed  side 
by  side.  A  mat  is  placed  so  as  to  occupy  one  half  of 
the  solid  table  on  which  the  carriage  moves ;  the  first 
action  of  the  rollers  is  to  bring  down  a  balanced  iron 
frame  upon  the  margins  of  the  mat ;  the  fat  is  then, 
by  the  action  of  the  rollers,  spread  equally  over  the  mat 
w-ithin  the  frame.  The  carriage  then  passes  to  the 
other  haK  of  the  table,  w^here  a  mat  is  covered  in 
the  same  manner,  and  in  clearing  the  first  mat  ■  the 
balanced  frame  rises  up  and  releases  the  covered  mat, 
which  is  removed  by  an  attendant,  and  a  new  mat  is 
thrown  down  in  its  place.  By  the  time  the  second  mat 
is  covered,  and  the  place  of  the  first  mat  occupied  by 
the  thu-d,  the  can-iage  is  moving  towards  the  third, 
and  releasing  the  second.     In  this  way  the  mats  are 
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quickly  and  equably  ci 
being  left  along  cacli  c  i 
order  that  wLen  tin 
diaulic  pres=;,  the  i 


d,  the  spice  of  in  mch  .  it  fills  fiom  the  houzontil  into  a  vtrtical  position, 
^ylth  the  tiougli  upwirds    ready  for  filling    and  js 
tiansfeired  from  the  left  to  the  right  hind  tme  of 
rills     A  boy  pushes  the  fume  foiwiid,  and  this  m 
its  turn  IS  pushed  fora  ird  by  other  frames  succeeding, 
imtd  it  anives  at  i  hot  closet  where  it  attiins  the 
temperature  necessiiy  for  filing     If  the  moulds  are 
filled  at  the  oi  diiiiry  tempei  itiire  of  the  iir  the  fluid  fat 
foims  mto  laige  uiegulii  crystals  giving  the  surface 
of  the  cindle  an  unpleisint  speckled  appeirance     It 
WIS  found  that  by  the  iddition  of  a  smiU  portion  of 
aisLuic  tlie  ciystals  becime  moie  broken  up,  and  the 
f  t      lulilied  m  1  homogeneous  minnei ,  but  the  use 
11.  bemg  so  veiy  objectionible  md  evident  to 
s  by  the  smell  of  gailic,  whenever  i  candle 
n  u  out  cindles  eontaimug  that  poisonous  com 
1  1  11  deseivedly  mto  disiepute     It  wis  foimd, 
I    \      (.111  it     iiiplv  by  hcitmg  the  moulda  befoie 


I'aUy  matter  out  over  the  edges  These  mats  aie 
piled  up  on  trucks,  and  conveyed  to  the  pressmg  de 
partmeut.  Pig.  4.27,  which  contains  42  powerful 
hydraulic  presses,  the  pumps  of  which  are  woiked 
by  steam  power.  Wlicn  placed  in  the  picss  in  iion 
plate  is  introduced  between  each  pin:  of  mits  foi  the 
piu-poso  of  giving  greater  stability  to  the  pile  Li 
the  fii-st  pressure  as  much  oleic  icid  is  lemoved  as 
can  be  got  out  at  the  ordmary  tempeiatuie  The 
second  pressure  takes  place  at  the  temperature  of  120° 
The  mats  are  then  taken  to  the  strippmg  bench.  Tig 
426,  where  the  cake,  now  reduced  to  a  dry  soUd, 
white  substance,  moulded  to  the  surface  of  the  mit 
by  the  intense  pressure,  is  stripped  off  by  hind 
It  is  not,  however,  sufficiently  wMte  and  pure  for  the 
purpose  of  candle-making.  In  the  course  of  piessuig 
and  pulling  about  it  has  contracted  iron  moulds  and 
other  impurities.  It  is  therefore  conveyed  to  the  vats, 
rig.  422,  where  it  is  washed  iu  a  hot  solution  of  very 
dilute  sulphuric  acid. 

After  this,  the  fatty  acids  are  conveyed  to  the 
candle-moulding  department,  the  arrangements  of 
which  are  on  a  very  extensive  scale.  A  long  apart- 
ment, well  lighted  and  ventilated,  is  occupied  by 
double  lines  of  railway,  upon  which  the  moulding- 
frames  are  moved.  Beginning  at  the  end  of  one  of 
these  Hues  of  railway,  we  have  both  the  commence- 
ment and  tlie  end  of  moulduig  a  set  of  caudles. 
Each  moulding-frame  is  furnished  with  a  tin  box, 
containing  IS  reels,  and  upon  every  reel  is  wound  60 
yards  of  pluitcil  cotton  wick.  The  ends  of  these 
wicks  are  parsed  through  eyes  at  the  top  of  the 
moidils,  and  are  held  above  the  upper  part  of  the 
moulding-frame  by  a  set  of  forceps.  By  a  very  beau- 
tiful contrivance,  the  mechanism  which  expels  the 
candles  from  one  set  of  moulds  draws  m  the  cottons 
ready  for  the  uext  filUng.  In  Fig.  42S  the  workman 
at  the  end  of  the  railway  is  in  the  act  of  separating 
the  candles  and  rewicking  the  moulds.  This  beiug 
done,  a  lateral  motion  is  given  to  the  frame,  whereby 


filling,  anil  p.  mm.,'  tin  fit  at  a  tempi  i  ituic  only  just 
sufficient  to  mamtam  it  in  the  fluid  state,  the  fat  sohdi- 
fied  in  a  regular  maimer.  On  leaving  the  hot  closet, 
the  frame,  the  piogiess  of  which  we  are  following, 
arrives  at  a  cistern  containing  the  melted  fat,  kept  at 
the  proper  temperature  by  means  of  a  coil  of  pipe 
filled  with  steam.  A  man  then  opens  a  hatch,  when 
the  fat  flows  out  through  as  many  holes  as  there  are 
moulds  to  be  filled :  the  fat  flows  into  the  moulds, 
completely  filling  them,  as  well  as  the  trough  into 
which  their  open  ends  are  inserted.  The  fat  soon 
solidifies.  A  boy  then  detaches  the  forceps,  which 
kept  the  wicks  tightly  strained;  scrapes  out  the 
superfluous  tallow  from  the  trough,  by  means  of  a 
wooden  wedge ;  moves  the  frame  into  a  little  carriage 
at  the  further  end  of  the  line  in  which  it  was  filled, 
and  then  wheels  this  carriage  to  the  further  end  of 
the  line  from  the  near  end  of  which  we  started. 
Other  frames,  succeeding  the  one  we  are  following, 
push  it  forward  until  it  gets  back  again  to  the  place 


from  which  we  commenced.  The  man  takes  hold  of 
the  frame,  lifts  it  up  into  a  horizontal  position,  moves 
a  lever,  which  operates  upon  a  set  of  ramrods  provided 
with  a  spring-catch,  which  lays  hold  of  the  mould 
tops,  and  pushes  them,  with  the  candles  -attached, 
through  the  moidds  ;  and  thus,  by  a  single  operation, 
one  set  of  ctrrlles  is  di-awn  and  the  wicks  for  the 
nest  set  inserted.  The  candles  thus  ejected  iii  parallel 
lines  are  received  upon  a  grooved  board;  a  board 
covered  with  flannel  is  brought  down  upon  them ;  the 
spring  forceps  are  inserted,  to  hold  the  wicks  securely ; 
and  a  circular  knife  passed  between  the  caudles,  and 
the  forceps  finally  separates  the  made  candles  from 
the  wicked  moulds.  The  caudles  are  then  removed ; 
the  frame  is  transferred  frc. .  the  left  to  the  right- 
hand  Uue  of  raUs,  and  the  romid  of  operations  com- 
mences as  before.  It  is  stated  that  in  each  set  of 
moulding-frames  constituting  a  candle-machine  there 
are,  when  first  cottoned,  92  miles  of  wick ;  so  that, 
if  the  six  machines  contained  in  this  department  were 
started  at  once,  above  500  mUes'  length  of  candles 
would  be  made  iii  exhausting  one  single  wioking  of 
the  machines. 

The  candles,  as  they  are  released  from  the  moulds 
by  the  drawhig-machine,  are  conveyed  in  boxes  to  the 
packing  department,  where  they  are  put  up  in  sealed 
packets  with  great  rapidity.  The  people  are  so 
accustomed  to  this  work  that,  whatever  be  the 
number  of  candles  rcquii-ed  for  one  packet,  they  take 
them  with  one  grasp  from  the  heap,  without  any  kind 
of  mibtake 

The  manuf  icture  of  mgU  lujUs  is  a  \ery  unport  mt 
m  this  cstabhhhment    A  night  Lght  consists 


of  1  very  shoit  thick cjhndei  of  fat  witli  a  vciy  slcndci 
wiek,  ind  is  calculated  to  burn  for  G  8  9,  oi  10 
houis  Theie  are  thiee  kinds  of  night  lights  namely, 
Patent  Alberts  Child  s  night  lights  and  Fiia.'s  patent 
mght  lights  The  fiist  are  formed  m  a  metal  frame, 
contaming  a  numbei  of  cyhnducal  holes  at  the 
bottom  of  each  hole  is  a  projectmg  wuc,  which 
moulds  a  narrow  hollow  tube  foi  the  wick  which  is 
inserted  by  an  after  piocess  The  tiough  eoulammg 
the  cylmdncal  lioles  is  filled  with  the  melted  fat,  as 
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shown  in  Fig.  429.  When  this  has  become  solid, 
the  superfluous  fat  is  scraped  ofl' :  a  man  then  de- 
presses a  lever,  which  causes  the  bottoms  of  the 
moulds  to  rise  and  eject  the  cylinders  of  fat.  The 
wicks  are  then  inserted,  with  marvellous  rapidity,  by 
a  number  of  childrcu.  Each  wick  is  stiffcued  with 
wax,  and  has  a  small  piece  of  tin  as  a  support  at  the 
bottom.  The  -wick  is  put  thi-ough  the  hole,  and  the 
tin  cemented  to  the  bottom  by  dashing  it  domi  upon 
a  small  glazed  earthenware  vessel,  kept  hot  by  the 
burning  of  a  light  within.  These  liglits  are  bui'ut  la 
glasses  similar  to  a  fluted  straight-sided  wine-glass. 
Judging  from  the  number  of  little  lads  employed  in 
"  wicking,"  there  must  be  a  great  demand  for  these 
lights,  which  is  certainly  justified  by  the  whiteness 
and  clearness  of  the  material,  the  absence  of  smell  of 
any  kind,  their  elegant  appearance  while  bui'ning, 
and  their  perfect  safety. 

In  the  preparation  of  Child's  night-lights,  a  paper 
box  like  a  pill-box,  with  a  hole  in  the  bottom,  is  first 
made :  mto  this  is  inserted  a  waxed  wick,  provided 
with  a  tin  support  at  bottom ;  the  box  is  thou  filled 
up  with  material,  and  put  out  on  boards  to  cool. 
Tliib  is  apparently  a  sunple  process ;  but  it  requii-es 
considerable  care  and  acciu-aey.  Great  diflacidties  were 
originally  experienced  in  corapoundhig  the  material, 
and  in  regulating  the  small  wick,  so  as  to  burn  the 
required  time  in  both  warm  and  cold  weather.  In 
nsmg  these  lights,  they  are  placed  in  a  saucer  cou- 
tauiing  water  to  the  depth  of  about  one-eighth  of  an 
mch  npt  only  for  the  sake  of  security,  but  also  to 
keep  the  bottom  cool,  and  thus  prevent  the  fat  from 
running  out  of  the  case. 

Piues  jutint  night-lights  are  made  like  the  last, 
but  of  a  somewhat  cheaper  material,  wliich  has  been 
p  dented  Ihey  are  intended  to  be  introduced  among 
the  woiknig  classes,  and  to  be  sold  at  the  cheap  rate 
of  two  for  a  penny.  At  the  tune  of  our  visit,  the 
manufactuie  ot  them  had  just  commenced. 

We  weie  shown  the  building  appropriated  by  the 
Company  to  the  manufacture  of  night-lights;  and 
when  it  lb  stated  that  it  is  180  feet  long  by  100  wide, 
some  idea  may  be  formed  of  the  extent  of  this  branch 

I  I  j^  our  notice  of  this  factory,  it  should 

lit  everything  seems  to  be  in  perfect 
ilth,  comfort,  and  convenience  of  the 
1  1     1  1 1  people  are  consulted;  there  is  an  ex- 

CLllmt  school  for  the  ehildi-eu,  who  attend  a  certam 
munbei  of  houi's  every  duy.  The  furnaces  consume 
then  own  ■smoke,  and  are  adapted  to  the  bm-niug  of 
the  icfuse  coal  of  the  market.  Connected  with  the 
est  ibhbhmeut  is  a  laboratory,  an  engineer's  workshop, 
carpenters',  tumicn's,  coppersmiths',  and  weavers' 
shops,  forges,  a  cooperage,  a  sealing-wax  manufac- 
toiy  and  a  steam  printing-machine,  for  printmg 
labels  S,c  The  builduigs  are  waterproof;  and  the 
smell  of  the  manufactured  material  reminds  the  visitor 
of  violet:,  rather  than  of  tallow.     [See  Appendix.] 

We  may  appropriately  conclude  this  article  with  a 
few  remarks  on  the  chemistry  of  a  candle.  Flame 
has  been  defined  to  be  a  lumuious  bubble  of  gaseous 
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matter.  11  is  not,  however,  necessarily  luminous  ; 
for  the  flame  of  pure  liydrogen  has  but  little  illumi- 
nating power,  although  its  heat  is  great.  If,  however, 
we  projeet  into  the  hydrogen  flame  solid  matter  in  a 
minutely  divided  state,  such  as  charcoal  dust,  steel 
filings,  oxide  of  ziuc,  magnesia,  &c.,  the  solid  particles 
become  white-hot  in  passing  through  the  flame,  and 
greatly  improve  its  luminosity.  In  the  flame  of  our 
candles,  lamps,  and  gas-lights,  hydrogen  supplies  the 
heat,  and  minutely  divided  carbon  the  light.  A  candle 
is  a  simple  but  ingenious  contrivance  for  supplying 
the  flame  with  as  much  melted  fat  as  it  can  consume 
without  smoking ;  and,  to  produce  this  effect,  the 
wick  must  bear  a  certain  proportion  to  the  thickness 
of  the  candle.  If  the  wick  be  too  large,  too  much 
tallow  will  be  melted,  and  the  candle  will  gutter ;  if 
too  small,  too  little  tallow  will  be  melted,  and  the 
flame  ^vill  gradually  be  inclosed  within  a  circular  wall, 
which  being  from  time  to  time  undermined  by  the 
heat,  win  fall  down,  and  also  cause  the  candle  to 
gutter.  In  night-lights,  there  is  indeed  a  small  wick 
and  a  great  thickness  of  tallow,  whereby  a  deep  and 
fnU  reservoir  of  melted  fuel  is  formed ;  but  this  is 
prevented  from  escaping  by  the  paper  mould  which 
surrounds  it.  If  the  thickness  of  the  candle  be 
properly  adjusted  to  the  size  of  the  wick,  the  tallow 
immediately  below  the  flame  is  melted  into  the  form 
of  a  hollow  cup,  which  forms  a  reservoir  always 
properly  filled  for  feeding  the  flame.  The  fibres  of 
the  twisted  wick  act  as  a  congeries  of  capillary  tubes, 
which  convey  the  fluid  fat  into  the  flame,  where, 
being  exposed  to  a  high  temperature,  and  sheltered 
from  the  ah:  by  the  outer  shell  of  flame,  it  becomes 
subjected  to  a  dry  distillation.'  The  mflammable 
vapour  thus  produced  rises,  and,  by  constant  com- 
bustion, diminishes  in  quantity,  and  consequently  in 
diameter,  until  at  length  it  entirely  disappears  in  a 

TTe  have  spoken  of  flame  as  a  luminous  bubble  or 
shell,  because  it  is  in  fact  a  hollow  body,  the  exterior 
only  being  luminous,  where  the  contact  with  the  au: 
produces  perfect  combustion.  A  current  of  air,  set 
in  motion  by  the  heat  of  the  flame,  causes  fresh  air 
constantly  to  stream  up  from  below :  the  oxygen  of 
the  an-,  aided  by  the  high  temperature,  decomposes 
the  mflammable  vapoui-  of  the  fat  into  hydrogen  and 
carbon :  the  hydrogen  burns,  or,  in  other  words,  unites 
with  the  oxygen  of  the  air,  and  forms  vapour  of 
water :  the  carbon  at  the  same  moment  is  set  free, 
becomes  white-hot,  and  imparts  luminosity  to  the 
flame,  but  it  does  not  disappear  from  the  scene  of 
action  until  it  gets  to  the  e.xterior  of  the  flame,  where 
the  oxygen  of  the  an:  seizes  it,  and  forms  with  it 
carbonic  acid. 

The  flame  of  a  candle,  Fig.  430,  consists  of  four 
tolerably  distinct  portions : — 1.  the  daik  interior, 
containing  unburnt  combustible  vapour;  2.  around 
this  the  brilUant  part  of  the  flame,  or  the  flame 
properly  so  called,  where  the  hydrogen  is  united 
with  the  oxygen  of  the  air,  and  the  carbon,  not 
having  yet  done  so,  is  in  an  incandescent  state ; 
3.  beyond  this   another    fihu  or  easing,  where  the 


oxygen  of  the  air  unites  mt\\  the  carbon ;  4.  the  blue 
portion  at  the  bottom  of  the  flame,  where  the  in- 
flammable vapour  undergoes  perfect 
combustion,  and  no  soHd  carbon  ii 
deposited  to  afford  light.  In  some 
cases  there  is,  5.  a  slender  cone  ol 
a  deep  red  colour,  arismg  from  rni 
excess  of  carbon,  which  escapes  uii- 
burnt,  or  nearly  so,  at  the  top  of  I 
the  flame,  and  cooling  below  a  whi 
heat,  dimhiishes  the  light.  Thi 
however,  never  takes  place  in  a  wt 
made  candle.  In  tliis,  on  tlie  co 
trary,  the  hottest  part  of  the  flan 
is  just  at  the  top  of  tne  luminous  I 
cone,  where  combustion  is  perfect,  r 
and  the  air  not  sufliciently  in  e: 
cess  to  carry  away  the  heat  s 
quickly  as  at  the  sides,  or  in  I  i 
blue  part  at  the  bottom. 

The  portion  of  the  wick  w:-;  . 
the  flame  is  charred  by  the  Lcu,  .  ,.  i  -. 
but  not  consumed,  on  account  of  ihe  absence  ol 
air.  In  a  common  candle  it  is  evidently  not  con- 
sumed, or  those  troublesome  and  untidy  implements, 
snuffers,  would  be  unnecessary.  In  coui'se  of  time, 
however,  if  the  candle  be  left  unsnuffed,  the  wick 
win  project  beyond  the  flame,  and  coming  in  con- 
tact with  the  air,  be  partly  consumed ;  but  the 
soot,  collecting  as  a  spongy  mass  at  the  top,  will 
darken  the  flame,  and  at  length,  falling  into  the  cup, 
will  break  down  its  edges,  and  cause  the  tallow 
to  overflow.  In  wax,  stearine,  and  sperm  candles, 
this  defect  is  avoided  by  plaiting  the  wick,  or  by 
giving  it  a  greater  twist,  by  which  means  the  end  is 
caused  to  bend  considerably,  and  thus,  protruding  out 
of  the  flame,  is  consumed.'  If  this  method  were 
adopted  vrith  tallow  candles,  it  would  only  produce 
guttering.  In  Palmer's  candles,  the  wick  is  in  two 
parts,  and,  by  a  particular  tnist  given  to  each,  and 
by  wuiding  a  thin  wire  round  each,  they  ai-e  made  to 
fall  asunder  like  a  fork,  when  both  ends,  constantly 
protruding  through  the  flame,  are  consumed. 

The  properties  of  flame,  as  above  stated,  may  be 
illustrated  by  a  number  of  beautiful  experunents.  To 
prove,  for  example,  that  the  combustion  is  superficial 
only,  and  that  the  flame  is  a  film  of  white-hot  vapour, 
enclosing  an  interior  portion,  which  cannot  burn  for 
want  of  oxygen,  bring  down  npon  the  flame  of  a 
candle  a  piece  of  thin  glass,  so  as  to  make  a  trans- 
verse section  of  the  flame :  we  shall  then  obseiTe  a 
ring  of  light  surrounding  the  interior  dai-k  p.irt  of  the 
cone.  This  experiment  may  be  still  better  performed 
by  means  of  a  piece  of  wire-gauze,  about  nine  inches 
square,  and  of  such  fineness  as  to  have  about  tliirty 
meshes  in  the  square  inch.     Wlien  this  is  gradually 
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brought  donu  upon  the  flame  of  a  large  and  steadily 
bumiug  -viax  caudle,  the  flame  will  be  cut  ofl'  where 
it  touches  the  gauze,  and  the  exterior  lumiuous  circle 
will  be  well  defined.  Fig.  43 1 .     The  in- 
flammable matter  of  the  flame  will  pass 
through  the  gauze  in  the  form  of  smoke; 
'  its  temperature  being  so  far  cooled  in 
its  passage  through  the  meshes  as  to 
incapable   of   passing  tlirougli  as 
e.      It  is  on  this  principle   that 
safety-lamp  of  Sir  Humphry  Davy 
cs  as  a  protection  in  coal-mines. 
[See  CuAL.]     The  inflammable  vapour 
uliich  passes  through  the  wire-gauze 
::m,  however,  be  kindled  by  the  direct 
iliplication  of  flame,  as  in  Fig.  432. 
These  experiments  are  well  exhibited 
with  a  jet  of  gas,  issuing  imder  low 
K^         pressure.     If  the  gauze  be  held  over 
^H^L       the  jet  before  it  is  lighted,  and  a  flame 
""^^      be  applied  above,  it  wiU  take  Are  there, 
L'vcnt   it   from 


at  a  distance  from  it,  by  inserting  one  end  of  a  si 
glass  tube  into  the  flame  of  a  large  candle,/,  ] 
436  :  p  is  the  glass  tube  held  in  an  inclined  p 
tion  in  the  centre  of  the  flame,  . 
and  ff  is  the  inflammable  vapour  ^  & 
ignited  at  its  extremity. 

By  propelling  a  cm-rent  of 
air  through  flame,  as  in  the 
blowpipe,  we  supply  oxygen  to 
the  interior,  and  enable  com- 
bustion to  go  on  there  as  well 
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I  kindle  the 
:;)  Place  a 
-litre  of  the 
3  below: 


CANVASS,  a  woven  fabric,  made  from  the  fibres 
of  hemp.  The  word  is  said  to  be  a  corruption  of  the 
Latin  name  for  hemp,  cnnnahis.  The  Italians  call  it 
canape.     A  finer  description  of  canvass,  called  huch 


^^m^     the  camphor  will  melt,  and  pass  through 
Tig  -IS*        ^'^^  gauze,  burning  only  on  the  under 
side,  as  in  Fig.  434. 
The  cooling  power  of  wire-gauze  may  be  referred 
to  ils  good  conductmg  power ;  it  also  becomes  by  use 
an  excellent  radiator  of  heat.     That  flame  is  extin- 
guished by  cooling  it  may  be  shown  by  bringing  a 
lai'ge  mass  of  metal  near  a  very  small  flame,  or  by 
carefully  surrounding  it  by  a  coU  of  wire.    The  metal 
abstracts  its  heat,  and  extinguishes  the  flame.    When 
a  cold  surface  is  held  over  a  large  flame,  a  portion 
only  of  such  flame  is  destroyed,  and  the  carbon  of  the 
mflammable  vapour  is  deposited  in  the  form  of  a 
minutely  divided  soot  on  the  cold  surface.     That  no 
combustion  goes  on,  or  can  go  on,  in  the  centre  of 
flame,  may  be  shown  in  various  ways ;  as,  for  ex- 
ample, if  we  kindle  spirit  of  wine  (which  does  not 
deposit  carbon)  in  a  small  saucer,  and  place  a  rod  ot 
white  wood  across  it  for  a  few  seconds :  it  will  be 
found  on  removing  the  wood  that  it  is  burnt  or  black- 
ened only  at  two  points,  where  the  flame  was   in 
contact  with  the  air,  Fig.  435.  We 
place  gunpowder,  con- 
tained in  a  small  circular  spoon, 
n  at  the  end  of  a  small  knife, 
n  the  flame,  and  it  will  not  be 
=  kindled.   Phosphorus  under  similar 
"  3ircumstances  will  fuse,  but  not  take 
Vig.  435.         fii'<'>  ^'^^  °i^  °f  turpentine,  in  a  small 
thunble,  will  become  vapour,  which 
will  bum  only  at  the  upper  part  of  the  flame,  where 
it  is  in  contact  with  the  air. 

It  will  be  understood,  then,  that  the  interior  dark 
part  of  the  flame  contains  inflammable  vapour,  which 
will  not  itself  support  combustion.  This  inflammable 
vapour  may  be  drawn  out  of  the  flame  and  ignited 
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(alsoc;ii:..l  .  •■  /  ■'  ,o,-  /.,/„-,  ^  ',  ,■  1  I,  i-.-oduccd 
from  the  syringe-tree  of  Cayenne  and  other  parts  of 
South  America.  For  the  first  knowledge  in  Europe 
of  the  source  of  caoutchouc,  we  are  indebted  to  some 
French  academicians,  who  were  sent  out  for  the  pur- 
pose of  astronomical  observation,  in  1735.  They 
discovered  that  it  was  the  white  milky  juice  of  certain 
plants,  found  abundantly  in  Para,  in  the  Brazils,  in 
Quito,  and  since  found  in  Asia.  Of  late  years,  con- 
siderable quantities  have  been  brought  from  Java, 
Penang,  Singapore,  and  Assam.  The  trees  grow 
so  abundantly  in  some  places,  that  hundreds  of 
niUes  are  covered  with  them.  Caoutchouc  oozes 
out  as  a  vegetable  niiUc  from  Lacisions  made  in  the 
tree  :  it  is  collected  chiefly  in  wet  weather,  when  it 
flows  most  abimdantly.  The  methods  of  inspissating 
and  indurating  it  are  kept  secret :  it  appears,  how- 
ever, that  the  juice  thickens  and  hardens  gradually 
on  exposirre  to  the  air-,  and  that,  as  soon  as  it  becomes 
solid,  it  displays  an  extraordinary  degree  of  flexibility 
and  elasticity.  Hence  it  is  supposed  that  the  natives 
make  moulds  of  clay,  or  some  substance  that  can  be 
easily  broken,  and  cover  them  repeatedly  with  layers 
of  the  juice,  allowing  each  layer  to  dry  before  the 
next  is  applied.  When  the  proper  tliiekness  is  at- 
tained, the  mould  with  its  elastic  covering  is  held 
over  the  smoke  of  a  wood  fire.  The  mould  is  then 
broken  out,  and  the  dried  bottle  forms  the  Indiar 
rubber  of  commerce.  Mr.  Solly,  in  a  paper  on  the 
preparation  of  caoutchouc,  {Trs.  Asiatic Soc,  London,) 
adverts  to  the  manner  in  which  the  sap  is  prepared 
for  the  market,  by  being  laid  on  to  some  substance  in 
successive  layers,  which  are  allowed  to  dry.  That  such 
is  the  case  is  evident  on  cutting  a  bottle  of  caout- 
chouc :  the  layers  are  distinctly  visible,  and  they  may 
even  be  separated  if  the  mass  be  soaked  in  boUiug 
water.     It  is  evident  tliat  a  great  quantity  of  im- 
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ptirilies  must  be  deposited  on  tlie  surface,  and  thus 
diminisli  the  force  with  which  the  layers  adhere  to 
each  other,  thereby  taking  away  considerably  from 
the  value  of  the  substance.  In  large  masses  of  fresh 
caoutchouc,  a  great  number  of  cavities  filled  with 
a  brown  liquid  may  be  discovered,  and  these  of  course  [ 
diminish  its  strength.  Mi:  SoUy  proposes  that  the 
sap  as  first  procured  should  be  washed  with  water : 
that  which  separates  may  then  be  pressed,  and  will 
be  found  very  much  stronger  than  if  it  had  been 
prepared  without  the  washing. 

The  Indians  make  waterproof  boots  of  this  sub- 
stance, which,  when  smoked,  have  the  appearance  of 
leather.  Bottles  are  also  made  of  it,  to  the  necks  of 
which  are  fastened  hoUow  reeds,  so  that  the  liquor 
contained  in  them  may  be  squirted  out  at  pleasure. 
One  of  these  fiUed  with  water  is  always  presented  to 
each  of  the  guests  at  their  entertainments,  who  uses  it  i 
for  syringing  his  mouth;  a  custom  which  led  to  the  term 
seringat,  or  syringe,  being  applied  by  the  Portuguese 
to  the  tree  and  its  resinous  production.  The  natives 
also  form  this  substance  into  tubes  about  2  feet  long, 
and  li  inch  thick,  which  they  use  as  torches :  they 
give  a  good  light,  emit  but  Uttle  odom-,  and  are  said 
to  last  about  twelve  hours  each. 

The  juice  of  this  tree  has  been  sent  in  bottles  to 
this  country.  It  is  of  a  pale  yellow  colour,  and 
creamy,  and  contains  a  portion  of  deposited  caout- 
chouc. It  has  a  sourish  and  slightly  putrid  odour, 
and  a  sp.  gr.  of  1.0117.  Wlien  spread  upon  a  solid 
body  in  thin  layers,  it  forms  an  elastic  deposit.  It 
contains  about  32  per  cent,  of  caoutchouc,  with  a  little 
albumen,  wax,  and  gum,  and  a  brown,  bitter,  azotised 
substance,  soluble  in  water  and  in  alcohol.  TMien 
this  juice  is  heated,  the  caoutchouc  coagulates,  and 
envelops  the  albumen.  To  obtain  pure  caoutchouc, 
the  fresh  juice  must  be  mixed  with  water,  and  left 
for  twenty-four  hom-s,  when  the  suspended  caoutchouc 
collects  on  the  surface  in  the  form  of  a  cream,  which 
is  removed,  and  washed  repeatedly,  until  nothiiiir 
fui-ther  is  separated  by  water :  the  finely  diviJ 
caoutchouc  is  then  separated  from  the  water  by  ti. 
addition  of  a  httle  salt  or  muriatic  acid,  and  is  drii 
at  a  gentle  heat :  as  the  water  evaporates,  the  panit'.r 
cohere. 

The  sp.  gr.  of  caoutchouc  is  about  0.925.  It  i 
made  hai-d  but  never  brittle  by  cold.  TVTien  boiled 
in  water  or  alcohol  it  swells  and  softens,  and  in  that 
state  is  readdy  acted  on  by  those  substances  which 
dissolve  it,  but  it  is  insoluble  both  in  water  and 
alcohol.  It  is  soluble  in  washed  ether,  which,  how- 
ever, rejects  the  sooty  and  albuminous  impurities,  so 
that  by  precipitating  a  clear  etherial  solution  by 
means  of  alcohol,  the  caoutchouc  may  be  obtained  in 
its  milky  form.  It  also  dissolves  in  sulphuret  of 
carbon.  In  cold  naphtha,  caoutchouc  swells  up  into 
a  soft  pasty  mass,  most  of  wliich  is  dissolved  by  the 
further  addition  of  naphtha  assisted  by  heat.  It  also 
dissolves  in  the  rectified  empyreumatic  oils  of  coal 
and  of  wood,  and  in  the  oils  of  turpentine,  lavender, 
and  sassafras.  It  is  softened  by  and  partly  soluble 
In  other  voktile  and  many  of  the  fixed  oils,  forming 


viscid  and  glutinous  compounds,  not  drying  into  an 
elastic  state,  as  it  docs  on  evaporating  the  solutions 
made  with  the  above-named  volatile  oils,  S;c.  A 
varnish  well  adapted  for  making  shoes,  &c.  water- 
tight, may  be  obtained  by  boihng  4oz.  of  caoutchouc 
in  I'jlbs.  of  linseed  oil  until  perfectly  dissolved,  and 
then  passing  through  a  strainer.  The  caSutchouc  is 
to  be  cut  into  strips,  and  well  stirred  during  the 
boiling  with  an  iron  spatida.  The  solutions  of  caustic 
alkalies,  chlorine,  and  bromine,  have  no  action  on 
caoutchouc.  Nitric  acid  renders  it  yellow,  and  when 
assisted  by  heat  decomposes  it :  it  is  also  charred  on 
the  surface  by  sulphuric  acid.  According  to  Faraday, 
the  ultimate  composition  of  caoutchouc  is — Carbon 
S7.2,  Hydrogen  12.8. 

Caoutchouc  melts  at  21S°  but  when  exposed  to 
a  heat  of  about  G00°  it  is  resolved  into  a  vapour 
wliich  may  be  condensed  by  cold  into  a  remarkable 
liquid,  which  has  been  called  caotitchoucuie  or  caout- 
chisine.  Tliis  substance  was  discovered  by  Mr.  W.  II. 
Barnard,  in  the  course  of  some  experiments  on  the 
impregnation  of  ropes  with  caoutchouc,  at  the  factory 
of  Messrs.  Enderby  at  Greenwich.  In  IS33,  Mr. 
Barnard  obtained  a  patent  for  the  invention  of  caout- 
ehisine,  "a  solvent  not  hitherto  used  in  the  arts." 
His  method  of  preparing  it  is  to  cut  common  india- 
rubber  into  lumps,  each  containing  about  2  cubic 
inches :   these  are  thi-own  into  a  cast-iron  still  s. 
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aetaffie  fit  to 
admit  a  thennometer  to  take 
the  temperature,  r  the  fii-e- 
plaee  and  ash-pit,  e  the  worm- 
tub  and  worm,  R  a  roller, 
and  chain  c,  in  conjunction 
with  a  crane,  or  other  means 
for  raising  the  cover  to  fake 
out  .the  residue  and  to  charge 
the  vessel.  Heat  is  appUcd 
until  the  thermometer  indi- 


cates a  temperature  of  600°.  As  this  temperature 
\  is  approached,  a  dark-coloured  oil  or  liquid  is  distilled 
over,  and  nothing  remains  in  the  still  but  dii-t  and 
charcoal.  The  distillation  is  greatly  facilitated  by  the 
addition  of  a  portion  of  this  oil,  either  previous  or  sub- 
sequent to  the  rectification,  in  the  proportion  of  |^  oil 
to  \  caoutchouc.  The  dark-coloured  liquid  thus  dis- 
tilled is  rectified,  whereby  fluids  are  obtained  varying 
in  sp.  gr.  the  highest  of  which  is  about  .670.  At 
each  rectification  the  colour  of  the  liquid  becomes 
more  bright  and  transpareut,  until  at  the  sp.  gr.  of 
about  .680,  it  is  colourless  and  liighly  volatile.  In 
the  process  of  rectification  for  the  piu-pose  of  obtain- 
ing a  larger"  product  of  the  oil  colourless,  about  |  of 
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water  is  put  into  tlie  still.  In  every  state  the  liquid 
is  a  solvent  of  caoutohoue  and  several  resinous  and 
oleaginous  substances,  and  also  of  other  substances, 
sucli  as  copal  in  combination  with  very  strong 
alcohol.  The  dirt  which  adheres  to  the  bottom  of 
the  still  is  with  diificulty  removed :  but  the  inventor 
adopted  the  ingenious  contrivance  of  throwing  into 
the  stUl  a  solder  of  lead  and  tin  to  the  depth  of 
about  half  an  inch,  and  as  this  became  fused,  the  dirt 
on  its  surface  was  easily  removed.  The  smcU  of  the 
liquid  thus  obtained  by  distillation  can  be  removed 
by  mixing  and  shaking  up  the  liquid  with  nitro- 
muriatic  acid  or  chlorine,  in  the  proportion  of  a 
quarter  of  a  pint  of  the  acid  to  a  gaUou  of  the  liquid. 
Cordage  steeped  in  caoutchisiuc  was  found  to  be 
remarkably  supple  and  tenacious  :  water-proof  cloth 
was  also  prepared  by  its  means,  as  also  some  excellent 
varnishes.  The  residue  left  in  the  still  was  also 
found  well  adapted  in  llr  I',  .r  ,,:  i;,,ii  nf  pitch  or  tar, 
for  the  use  of  flie  : !,  ;  '  '  .  t\  !' -ilunately,  the 
high  price  of  eaouii  1;  ■  >  '.  i  i"  .  J  a  limit  on  the 
general  applifalioii  ni  ,•,  ,  ii.',M.,r,  and  the  other 
li\  ^'t, III, 1,11  ,  iiliiaiucd  liy  flic  disfillation  of  india- 
I  >'      I        lure  return  to  the  more  ordinary 

C:i,.ii(l!ijuc  was  not  known  in  EiU'Ope  imtU  tne 
eommcuccmcut  of  the  last  century,  and  it  continued 
for  a  long  time  in  comparative  obscurity.'  It  was 
first  used  for  rubbing  out  the  marks  of  black-lead 
1  rx( ended  to  the  prepara- 
'  liidi  it  rendered  capable 
[  iiature  without  cracking 
:  I  y  \\ith  which  two  recently 
urfaces  of  caoutohoue  weld 
in  the  laboratory  for  the 
formation  of  short  elastic  tubes,  which  are  used  as 
connectors  for  a  variety  of  apparatus,  in  which  sepa- 
rate pieces  of  glass  tubing  are  thus  joined  together 
with  flexible  joints  :  they  are  prepared  by  wrapping 
a  i)ieee  of  sheet  caoutchouc 
loosely  over  a  glass  tube  or 
rod,  and  then  cutting  off- 
the  superfluous  portion  with 
a  pair  of  scissors,  Fig.  438  : 
on  pressing  the  fresh  cut 
edges  together,  they  cohere 
so  as  to  form  a  perfect  tube. 
Caoutchouc  is  also  used  in  the  preparation  of  certain 
surgical  instruments,  which  are  required  to  be  both 
supple  and  flexible.  But  the  most  important  appli- 
cation of  caoutchouc  has  been  in  waterproofing. 
In  fact,  caoutchouc  is,  as  M.  Dumas  remarks,  a 
very  wonderful  substance.  None  of  the  ordinary 
acid  or  alkaline  caustics  attack  it :  it  may  be  bent  in 
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all  directions  and  stretched  to  a  remarkable  extent, 
and  returns  to  its  primitive  form  when  the  bending 
or  strctchiug  force  is  removed,  and  it  accommodates 
itself  to  all  the  variations  of  the  surfaces  to  which  it 
is  applied.  It  mav  !;<■  rr.i  i,,:^  ii m  bheets  and  sub- 
divided into  thira  !  \  '.  :  ■  iifls:  its  elasticity 
can  be  taken  awa,  :  i  !  i.  i^.;;  ajain  at  pleasure: 
it  can  be  cut  and  i.i,muui_J  lu  a  thousand  different 
manners,  according  to  the  caprices  of  fashion  or  the 
devices  of  invention:  there  is  no  waste,  for  all  the 
shreds  and  fragments  can  bo  cemented  together  and 
used  as  effectually  as  a  new  piece. 

In  the  preparation  of  water-proof  clothing  there 
is,  however,  a  defect.  The  caoutchouc  by  its  solution 
in  some  of  the  essential  oils  is  somewhat  modified  in 
character.  It  id  iln  .  a  ;  iiimh  uf  the  oil,  which 
softens  it,  and  a'    •  '         <    Main  odom-.     The 

problem  which  ha^  y  ,  i  i  1.  ,  ;,,  J,  is  how  to  render 
caonteliouo  fluid,  nui,  I13  ilie  use  ul  oils,  which  cannot 
afterwards  be  entirely  got  rid  of,  but  by  restoring  it 
to  that  emulsive  state  in  which  it  flows  from  the  trees 
which  s\ipply  it.  M.  Dumas  suggests  that  the  sap 
itself  should  be  imported  in  bottles  or  close  vessels, 
absolutely  air-tight,  and  in  this  state  be  prepared  for 
the  manufaetnre  of  water-proof  garments.  Or  a 
solution  in  ether  being  made  of  the  caoutchouc,  the 
pui-e  caoiitchouc  precipitated  by  alcohol  should  be 
spread  over  a  piece  of  cloth  properly  stretched.  A 
second  piece  of  cloth  should  then  be  rolled  over  tliis 
with  very  strong  pressm-e,  and  the  result  woidd 
doubtless  be  a  perfectly  waterproof  cloth  without  any 
odour.  Or  the  two  pieces  of  cloth  to  be  cemented 
together  might  be  wound  upon  rollers  moving 
together  as  closely  as  possible,  and  one  of  them 
heated  to  a  certain  temperature.  The  ctherial  so- 
lution of  caoutchouc  being  allowed  to  fall  upon  the 
heated  roller,  the  ether  in  evaporating  would  leave  a 
thin  layer  of  caoutchouc,  which  would  be  immediately 
covered  over  by  the  motion  of  the  rollers.  If  this 
operation  were  conducted  in  a  small  close  chamber, 
the  vapour  of  ether  might  be  conveyed  away  to  act 
upon  the  india-rubber  in  process  of  solution.  The 
loss  of  ether  would  thus  be  diminished.  We  fear, 
however,  that  the  high  price  of  alcohol,  and  conse- 
quently of  ether,  in  this  country,  would  preclude  the 
adoption  of  either  of  these  suggestions. 

The  ordinary  method  of  making  waterproof  cloth 
is  exceedingly  simple.  The  caoutchouc  is  dissolved 
in  the  oil  distilled  from  gas-tar,  and  spread  upon  the 
surface  of  a  piece  of  cloth,  upon  which  a  similar  piece 
is  then  extended.  Both  pieces  are  then  passed 
between  a  couple  of  rollers.  Hence  the  waterproof 
fabric  consists  of  two  pieces  of  cloth  united  by  an 
interposed  layer  of  caoutchouc.  This  cloth  is  so  im- 
pei-vious  to  moisture  that  floating  or  hydrostatic  beds 
are  formed  of  it,  and  beds  and  cusliions  are  rendered 
elastic  by  inflating  them.  This  method  of  forming 
waterproof  cloth  was  invented  by  Mr.  Mackintosh  of 
Glasgow,  whose  name  has  become  so  familiar  by  being 
applied  to  the  articles  formed  of  this  fabric.  One  of 
the  greatest  objections  to  articles  of  this  clothing 
arises   from  the  very  perfection   of  the   protection 
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asaiust  moisture  whicli  they  afford.  For  as  they  I 
allow  no  wet  to  pass  through,  they  do  not  allow  the 
insensible  perspiration  of  the  skin  to  pass  out.  j 
Hence  they  become  inconveniently  warm  to  the  , 
wearer,  and  are  doubtless  injurious  to  health.  In 
water-beds  the  absence  of  the  necessary  porosity  of 
a  common  bed  is  strikingly  shown  by  the  condensation 
of  the  perspiration  forming  streams  of  water,  which 
wet  the  bedclothes,  and  render  the  bed  very  uncom- 
fortable. 

Caoutchouc  has  been  spread  out  into  sheets  by 
soaking  a  bottle  of  india-rubber  as  imported  urtil 
quite  soft.  It  may  then  be  inflated  by  blowing  into 
it  until  it  has  become  so  thin  as  to  be  transparent 
and  sufficiently  light  to  ascend  when  filled  with  hy-  ^ 
drogen  gas.  If  dried  in  this  state  it  will  not  again 
contract,  and  thin  sheets  may  thus  be  formed.  \ 

In  the  various  fabrics  which  have  been  manufac- 
tured with  caoutchouc  as  one  of  the  constituents, 
the  warp  or  longitudinal  tln-eads  are  of  caoutchouc, 
and  the  weft  or  cross  threads  of  cotton,  silk,  or  linen, 
according  to  the  object  of  the  fabric.  Elastic 
braid  is  made  by  a  machine  by  covering  a  thread 
of  caoutchouc  with  silk  or  other  threads.  The 
tlireads  of  caoutchouc  are  produced  by  cutting  it  by 
means  of  a  machine  with  the  greatest  evenness  and 
equality.  One  pound  will  make  a  thread  (No.  5)  8,000 
yards  in  length ;  but  this  tlu-ead  may  by  the  machine 
be  again  cut  longitudinally  into  4,  making  in  the 
whole  32,000  yards  from  one  pound  of  caoutchouc, 
and  such  is  the  facility  obtained  by  the  machinery  j 
that  two  girls  are  capable  of  cutting  30  lbs.  per  day, 
producing  240,000  yards  of  No.  5  thread.  In  ^ 
working  threads  of  caoutchouc  it  is  found  that  if 
they  be  kept  stretched  for  some  length  of  time,  and 
are  exposed  to  cold,  they  become  set  to  the  length  to 
which  they  have  been  stretched,  and  will  no  longer 
have  elasticity.  Consequently  in  weaving  fabrics  with 
warp  threads  of  caoutchouc,  the  fabrics  vi-hen  first 
woven  are  not  elastic,  nor  can  they  be  extended  to  a 
greater  length ;  but  in  order  to  impart  elasticity  to 
such  fabrics,  a  hot  iron  is  passed  over  them,  whereby 
the  warp  thi-eads  of  caoutchouc  shrink  back  to  their 
original  length,  and  then  become  elastic.  In  some 
instances  where  the  elastic  fabric  would  be  liable  to 
be  extended  beyond  the  ultimate  power  of  the  elas- 
ticity of  the  caoutchouc,  instead  of  having  all  the 
warp  threads  of  elastic  gum,  alternate  threads  of 
cotton,  sUk,  or  linen  are  placed  in  the  loom ;  by  this 
nujans  the  fabric  cannot  be  stretched  beyond  the 
ultimate  power  of  elastic  elongation  of  the  caoutchouc, 
as  the  strain  would  then  come  on  the  warp  threads  of 
cotton,  sUk,  or  linen,  and  prevent  the  fabric  being 
further  stretched.  Dr.  Ure  states  that  each  thread 
is  rendered  inelastic  wbUe  it  is  being  reeled,  by  the 
tenter  boy  or  girl  pressiug  it  between  his  moist  thumb 
and  finger,  so  as  to  stretch  it  to  at  least  eight  times 
lis  natural  length,  while  it  is  drawn  rapidly  thi'ough 
between  them  by  the  rotation  of  the  power-driven 
reel.  This  extension  is  accompanied  with  condensa- 
tion of  the  caoutchouc,  and  with  very  considerable 
disen£;agemcnt  of  heat.     The  reels,  after  being  filled 


with  the  thread,  are  set  aside  for  some  days.  The 
caoutchouc  thread  of  the  Joint  Stock  Caoutchouc 
Company  is  numbered  from  1  to  8.  No.  1  is  the 
finest,  and  has  about  5,000  yards  in  a  pound  weight ; 
No.  4  has  2,000  in  the  po"und  weight ;  and  No.  8, 
700,  this  being  a  very  powerful  thread.  The  finest 
is  used  for  toe  finer  elastic  tissues,  as  for  ladies'  silver 
and  gold  elastic  bracelets  and  bands*.  The  ropes  made 
with  the  strongest  of  the  above  threads,  covered  with 
hemp,  and  theur  elasticity  restored  by  heat,  possess 
extraordinary  strength  and  elasticity. 

Numerous  patents  have  been  taken  out  from  time 
to  time  for  improvements  in  the  manufacture  of 
caoutchouc.  Among  others  we  may  notice  Mr.  C. 
Nickel's  patent,  granted  in  October,  1S3G,  and  which, 
we  believe,  includes  Mr.  Sievier's  process.  The  caout- 
chouc" is  first  cut  into  small  portions,  and  well  washed 
in  hot  water  to  remove  any  dirt  or  impurities,  and  tlie 
cuttings  are  then  dried  at  about  200°  in  iron  or  other 
vessels  heated  by  steam.  The  cuttings  thus  cleaned 
and  diied  are  next  passed  through  a  pair  of  iron 
rollers,  by  which  they  are  blended  and  pressed 
together.  Tlie  caoutchouc  is  then  put  into  a  mill 
consisting  of  a  roUer  covered  with  spikes  moving 
within  a  hollow  spiked  cylinder,  and  ground  until  it 
becomes  equally  and  uniformly  mixed.  During  the 
giinding,  great  heat  is  disengaged ;  and  although  the 
water  be  let  in  cold,  it  soon  becomes  boiling  hot,  and 
emits  copious  vapours.  When  no  water  is  admitted, 
the  temperatm-e  rises  much  higher,  so  that  the  elastic 
mass  of  india-rubber,  although  a  bad  conductor  of 
heat,  cannot  be  safely  touched  by  the  hand.  During 
this  grinding,  a  quantity  of  muddy  water  runs  off 
through  apertures  in  the  bottom  of  the  drum.  In 
the  course  of  half  an  hour,  the  pieces  become  agglu- 
tinated into  a  soft  elastic  ball,  of  a  reddish  brown 
colour.  This  ball  is  removed  to  another  drum,  fur- 
nished with  spikes  or  cutting  chisels.  Here  the 
caoutchouc  is  kneaded  dry,  with  a  little  quicklime. 
It  now  gets  very  hot,  discharges  in  steam  the  moisture 
imbibed  in  the  previous  operation,  becomes  more 
compact,  and  deepens  in  colour.  Dr.  TJre,  who  in 
spected  the  process  at  the  establishment  of  the  Jomt 
Stock  Caoutchouc  Company,  at  Tottenham,'  says, 
that  during  this  second  grinding  frequent  explosions 
take  place,  from  the  expansion  and  sudden  extrication 
of  the  imprisoned  air  and  steam.  From  this  second 
set  of  drums  the  ball  is  transferred  to  a  third  set, 
where  it  is  condensed  into  a  homogeneous  solid. 
Seven  of  these  finished  balls,  weighing  51bs.  each, 
are  introduced  into  a  larger  drum,  the  shaft  of 
which  is  studded  with  blunt  chisels.  There  the 
separate  balls  are  incorporated  into  one  mass,  free 
from  cells  or  pores,  and  now  fit  to  be  squeezed  into 
a  rectangular  or  cylindrical  mould,  previously  rubbed 
over  with  soap-water  to  prevent  adhesion :  here  it 
is  condensed  into  a  solid  block  by  the  compressing 
action  of  a  screw ;  but  by  Mr.  Hancock's  process  tJiis 
is  done  by  inserting  into  the  cylinder  the  piston  or 
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plunger  of  a  hydrostatic  press.  When  the  pressing 
Ls  complete,  the  caoutchouc  is  left  in  the  mould  till 
it  is  cold,  but  still  under  pressure ;  it  is  then  forced 
out  of  the  moidd.  If  it  Idc  desired  to  cut  this  block 
into  sheets,  it  is  raised  out  of  the  mould  m  very 
gradually  by  means  of  a 
screw,  Fig.  4-39,  which 
being  turned,  raises  the 
proper  quantity,  which  is 
crtaiued  by  having  a 
ige  of  the  thickness 
required,  and  when  so 
i  S  nuich   is   forced  beyond 

y  the   end  of  the  moidd, 

D— — — ^  that   portion  is   cut  off 
with  a  knife,  a  continu- 

F'S-  ■139-  ous  stream  of  water  being 

supplied  to  the  knife  or  cutting  edge  to  keep  it  cool. 
A  hollow  cylinder  of  caoutchouc  may  be  formed  by 
placing  a  sohd  core  within  the  mould,  and  using  a 
hollow  piston  or  plunger,  as  in  Fig.  440.  Cylinders 
of  ground  caoutchouc  may  also  be 
formed  by  meaus  of  pressmg-roUcrs 
with  equal  and  smooth  surfaces.  The 
ground  caoutchouc  directly  from  the 
mill  is  placed  between  the  rollers, 
which  by  their  revolution  pass  a,  con- 
tinuous thin  sheet  through  them.  This 
is  tightly  wound  upon  a  wooden  roller 

means  any  degree  of  thiebiess  may  be  obtained,  and 
as  tlie  same'is  warm  by  passing  between  the  rollers, 
the  folds  will  cohere  and  become  of  one  close  sub- 
stance 

In  oidci  to  foim  the  caoutchouc  into  thieads,  the 
hollow  cylnidci  is  fiist  cut  up  into  tapes  by  cutting 


it  from  end  to  end  in  a  spiral  direction.  The  circular 
slices  or  discs  may  be  cut  into  tapes  in  a  somewhat 
similar  manner,  proceeding  from  the  circumference  to 
the  centre,  spirally.  The  tapes  thus  formed  are  cut  into 


threads  by  means  of  the  machine.  Fig.  441,  in  which  a 
series  of  circular  knives  I  are  fixed  on  an  axis  m, 
between  two  circular  plates,  one  of  which  is  capable  of 
movement,  and  of  being  tightly  fixed  on  the  axis  when 
the  knives  are  in  their  places,  there  being  a  washer  or 
disc  of  metal  between  every  two  knives  for  regulating 
the  distance  apart,  accordhig  to  the  thickness  of  the 
thread  required.  The  circular  knives  are  3  inches  in 
diameter,  and  are  made  to  revolve  \vith  considerable 
velocity ;  >i  is  another  axis,  bearing  a  cylindrical 
block  of  hard  wood,  (such  as  wainscot  oak,)  against 
which  the  cutting  edges  of  the  knives  come,  and 
slightly  cut  into  the  block,  which  should  be  made  of 
several  parts  or  sections  in  order  that  the  grain  may 
run  from  the  centre  outwards  in  all  directions.  The 
axis  n  revolves  but  slowly  ui  comparison  with  the 
cutters,  as  will  be  seen  by  the  dimensions  of  the 
driving  pulleys  to  each:  'the  axis  m  making  about 
1,400  revolutions  per  minute,  and  the  axis  ii  only  24: 
0  is  a  tape  or  sheet  of  caoutchouc  bemg  cut ;  it  is 
guided  between  the  pins  p,  and  between  the  spring- 
guide  plates  g,  there  being  a  constant  stream  of 
water  supplied  to  and  amongst  the  knives  by  the  pipe 
r.  «  is  a  piece  of  wood,  in  the  cuts  of  which  the 
work,  and  are  thus  cleaned,  and  any  portioi 


of  caoutchouc  which  might  otherw 


n  between 


the  knives 


Dvcd. 


Fig.  442  shows  another  : 
series  of  tlireads  at  one 
time.     It   consists   of  a      , 
nimibcr  of  discs  of  equal    111 
thickness,    and    of    the 
thiebiess  of  the  intended 
thread.     They  are   fixed 
on  two   shafts    or  axes,   t 
which  are  geared  together 
by  cog-wheels,   and    be- 
tween each  pair  of  discs  "" 

is  placed  a  washer  of  the  tliickness  of  the  intended 
thread.  The  upper  and  lower  discs  are  so  affixed 
on  their  respective  shafts  that  they  act  between  each 
other,  and  the  sheet  or  tape  of  caoutchouc  is  con- 
ducted between  the  two  sets  of  cutting  discs.  In 
other  respects  the  arrangements  are  similar  to  those 
of  Fig.  441. 

We  may  also  notice  some  of  the  features  of  Mr. 
Walter  Hancock's  patent  (sealed  9th  November, 
1S43).  In  order  to  expose  a  larger  sui-face  to  the 
action  of  the  solvent,  the  india-rubber  is  cut  into 
shreds  by  passing  it  between  toothed  -^-^^ 
rollers  a  a,  Fig.  443,  between  which  '•,  ":»  <=>'  /^ 
is  a  bar  l>,  so  that  the  rollers  have  ^  T. ,''  *" 
the  effect  of  shears  in  passing  against  ^0 

the  bar.    The  shreds  thus  produced  -  ^i 

are  in  some  cases  freed  from  impu-        ,_\)    « 
rities  before  applying  the  solvent,  by    ,-* '  /  i  \  ^vi 
washing    them    thoroughly.      This  i      I 

greatly  faeihtates   the   manufacture        ^'S-  ^'• 
of  what  is  called  blor.k-rubber  or  caoutchouc,  mechani- 
cally formed  into  large  blocks  for  the  purpose  of 
cutting  into  small  blocks  or  sheets. 

Fig.  444  is  a  machine  for  flatting  out  Ihe  caout- 
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chouc  miitui-e  upon  fabrics.  It  consists  of  a  frame 
supporting  a  pair  of  rollers,  rr ;  4  is  a  hopper,  into 
which  the  material  to  be  flatted  into  sheets  is  placed, 
and  which  is  pressed  down  upon  or  between  the  rollers 
r  r  by  means  of  a  weight.  The  caoutchouc  being  dis- 
solved is  mixed  with  cork  dust :  r  r  are  two  outer 
rollers,  upon  each  of  which  a  length  of  cloth  is  wound, 
when  the  composition  of  cork  and  caoutchouc  is  to  be 
placed  between  two  fabrics.  Motion  being  given  to 
these  rollers,  the  ends 
of  the  two  separate 
lengths  of  cloth  are 
brought  from  the  outer 
rollers  between  the 
rollers  r  r,  and  secured 
around  the  drum  d  by 

it,  or  by  tacking  them 
on.  Motion  being  then 
given  to  the  drum  d, 
the  cloth,  with  the  compound  delivered  from  the 
rollers  r  r,  is  wound  upon  it  until  the  whole  lengths 
of  cloth  are  wound  off  the  outer  rollers  on  to  the 
drum,  from  which  it  is  removed  to  be  dried.  The 
thickness  of  the  sheets  of  compound  may  be  varied  by 
adjusting-screws  applied  to  the  spindles  of  the  rollers 
rr.  When  a  very  adhesive  connexion  with  the  cloth 
or  fabric  is  desired,  the  cloth  may  be  first  covered 
with  a  thin  coat  of  solution  of  caoutchouc,  before 
the  composition  is  milled  or  pressed  between  them. 
The  siirfaces  may  be  ornamented  by  embossing  them 
by  means  of  pressui-e  between  plates,  on  which  the 
desired  pattern  or  design  is  engraved,  or  by  passing 
them  between  embossing  rollers.  These  surfaces  may 
also  be  coloured  by  mixing  any  suitable  pigment  with 
a  thin  solution  of  caoutchouc,  laying  it  on  either 
before  or  after  the  sui-faces  are  embossed.  A  piled 
surface  may  also  be  produced  by  using  appropriate 
rollers,  and  for  a  very  compact  combination,  the 
roUers  may  be  raised  to  a  blood  heat.  Small  particles 
of  leather  or  wood  may  be  used  with  or  instead  of  the 
cork  dust. 

Mr.  Hancock  obtains  a  solution  of  india-nibbcr  in 
ether,  turpentine,  coal-tar,  oil,  n.-iphtba,  or  any  other 
solvent,  by  introducing  the  solvent,  in  a  state  of 
vapour-,  into  a  vessel  containing  the  India-rubber  in 
small  fragments  :  the  vessel  is  exliausted  of  air,  and 
kept  at  the  desired  temperatui-e  by  means  of  a  steam 

The  following  description  of  the  manufacture  of 
watei-proof  double  fabrics  is  from  Dr.  Ure's  Supple- 

"  The  wooden  framework  of  the  gallery  in  which 
the  watei-proof  cloth  is  manufactured  should  be  at 
least  50  yards  long,  to  give  ample  room  for  extending, 
airing,  and  drying  the  pieces :  it  should  be  2  yards 
wide,  and  not  less  than  5  high.  It  is  foi-med  of 
upright  standards  of  wood,  bound  with  3  or  4  hori- 
zontal rails  at  the  sides  and  the  ends.  At  the  end  of 
the  gallery  where  the  varnish  is  applied,  the  web 
which  is  to  be  smeared  must  be  wound  upon  a  beam 
resembling  in  size  and  situation  the  cloth  beam  of  the 


weaver's  loom.  The  piece  is  thence  drawn  up,  and 
stretched  in  a  horizontal  direction  over  a  bar,  like 
the  breast-beam  of  a  loom,  whence  it  is  extended  in 
a  somewhat  slanting  direction  downwards,  and  passed 
over  the  edge  of  a  hoiizontal  bar.  Above  this  bar, 
and  parallel  to  it,  a  steel-armed  edge  of  wood  is  ad- 
justed, so  closely  as  to  leave  but  a  narrow  slit  for  the 
passage  of  the  varnish  and  the  cloth.  This  horizontal 
slit  may  be  widened  or  narrowed  at  pleasure  by 
thumb-screws,  which  lower  or  raise  the  movable 
upper  board.  The  caoutchouc  paste  being  plastered 
thickly  with  a  long  spatula  of  wood  upon  the  down- 
sloped  part  of  the  web,  which  lies  between  the  breast- 
beam  and  the  above-described  slit,  the  cloth  is  then 
drawn  through  the  slit  by  means  of  cords  in  a  hori- 
zontal direction  along  the  lowest  rails  of  the  gallery, 
whereby  it  gets  uniformly  besmeared.  As  soon  as 
the  whole  web,  consisting  of  about  40  yards,  is  thus 
coated  with  the  viscid  varnish,  it  is  extended  hori- 
zontally upon  rollers  in  the  upper  part  of  the  gallery, 
and  left  for  a  day  or  two  to  dj-y.  A  second  and  third 
coat  are  then  applied  in  succession.  Two  such  webs 
or  pieces  are  next  cemented  face  to  face,  by  passing 
them,  at  the  instant  of  their  being  brought  into 
contact,  between  a  pair  of  wooden  rollers,  care  being 
taken  by  the  operator  to  prevent  the  formation  of  any 
creases  or  twisting  of  the  twofold  web.  The  under 
one  of  the  two  pieces,  being  intended  for  the  lining, 
should  be  a  couple  of  inches  broader  than  the  upper 
\  one,  to  insure  the  uniform  covering  of  the  latter, 
which  is  destined  to  form  the  outside  of  the  garment. 
The  double  cloth  is  finally  suspended  in  a  well  venti- 
lated stove-room,  till  it  becomes  dry  and  nearly  free 
from  smell.  The  parings  cut  from  the  broader  edges 
of  the  under  piece  are  reserved  for  cementing  the 
seams  of  cloaks  and  other  articles  of  dress.  The 
tape-like  shreds  of  the  double  cloth  are  in  gi-eat 
request  among  gardeners  for  nailing  up  the  twigs  of 
wall-shrubs." 

Among  other  remarkable  applications  of  caoutchouc, 
in  combination  with  other  materials,  may  be  mentioned 
the  pavmg  of  stables,  lobbies,  and  halls  with  blocks 
of  this  substance.  Some  of  the  stables  at  Woolwich 
are  thus  paved,  as  are  also  the  Admiralty  court-yard, 
and  the  carriage-entrance  court  at  Windsor  Castle. 
Boats  of  india-rubber  and  cork  have  been  proposed, 
such  as  shall  be  too  light  to  sink,  and  too  elastic  to 
be  broken  to  pieces.  It  has  also  been  proposed  to 
line  ships  of  war  with  india-rubber,  to  prevent  acci- 
dents from  gun-shot  splinters,  and  also  to  use  this 
substance  for  hammock-nettings  and  bulwarks. 

The  combination  of  caoutchouc  with  sulphur  pro- 
duces what  is  called  vulcanized  india-rubber.  The 
process  of  conversion,  consists  in  submitting  iudia- 
nibber  to  the  action  of  bisulphuret  of  carbon,  mixed 
with  chloride  of  sulphur.  Tlie  caoutchouc  cannot, 
however,  be  penetrated  by  this  process  to  any  depth, 
and  therefore  it  is  inapplicable  when  the  mass  to  be 
acted  on  is  thick.  The  process  of  vulcanization,  in- 
vented by  Mr.  Hancock,  is  therefore  adopted.  When 
caoutchouc  is  immersed  in  a  bath  of  fused  sulphur, 
and  heated  to  various  temperatures,  it  absorbs  the 
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sul[  i  11  assumo  d,  c  ubomzed  api  li  luct  and  lastly 
">  I  s  tl  0  c  1  btcncy  of  lioin  In  the  course  of 
1  c  cl  T  j,c  it  itti  ns  the  state  of  vulcanization 
wh  h  f  ts  il  lui  I  so  The  same  vulcanized  condition 
cin  liowevci  be  pioduoed  eithei  by  kneading  the 
iiidn  lubber  with  sulphur  and  then  exposing  it  to  a 
tci  ipeiatuie  of  190°,  oi  by  dissolving  the  india-rubber 
1 1  ai  y  k  10  \  n  K  c  t  t  |  cut  no  pieviously  charged 
^  ith  s  1|  I  1  I  fl  b  tieatment  are — 1st. 

tl  c  II  1  at  all  ttmperatm-es, 

^^  1  lo  1  quite  rigid  at  a  tem- 

pcntuic     1  I  u  ztd  caoutchouc  is  not 

affected  by  any  luuwn  solvents  as  bisulphuret  of 
caiboi  naphtha  oi  tuipentme  3d  it  is  not  affooted 
by  heat  shoit  of  the  vulcanizing  point  4th,  it  ac- 
qui  cs  cxtiaoidmaiy  powers  of  lesisting  compression. 
T 1  <i  a  ca  1  ion  ball  v,  as  biol  cu  to  pieces  by  being 
d  c  1  thiough  a  mass  of  vulcanized  caoutchouc ;  the 
ca  Uclio  ic  itself  exhibiting  no  other  trace  of  its 
p  a^c  11  an  a  sc  iccly  i  e  ccptible  lent  The  appli- 
c  il  ons  of  tl  b  s  il   t   icc  are  veiy  numerous.     The 

II  1 1  I  bai  c\a  1)  le  is  in  the  elastic  iings  and  bands 
n  }w  so  conn  on  The  same  substance  adjusted  in 
s  zc  lud  sticn^th  to  the  purpose  required,  furnishes 
sp  11  oS  f 51  locks  aiid,foi  the  lacks  of  wmdow-blinds. 
It   lb    1  0  caj  al  le  of  being  moulded  into  the  most 

II I  catc  0  1  a     nts     its  chaiaeteristic  elasticity  ro- 

I  \  I  3  all  CI  1  a  lassment  in  rcheving  the  undercut 
pa  ta  It  f  inibhcs  impel vions  bottles  for  volatile 
s  ib'itances  hi  e  etl  er  as  weE  as  an  excellent  ink- 
stand It  IS  idapted  to  piotect  fiom  couosion  wii-es 
subjected  to  the  action  of  the  sea^s  in  the  case  of 
the  wires  icjiiclfitlecl  t  co nmunication 
let^^ec    T  II  1  ne  reason, 

1   t  1  suited  for 

II  1  I  which  are 
lial  le  t  1  II  III  water.  A 
sinda  til  1  Ic  1  11  s  as  a  substi- 
tute for  an  iion  band  as  the  tiie  of  a  cairiage- wheel, 
for  n  ug  in  fact  a  noiseless  wheel  instead  of  a  noise- 
less pavement,  such  as  wood.  A  vehicle  so  arranged 
is  said  to  run  easier  thaii  on  the  present  plan.  Library 
chairs  on  an  uncarpeted  room  may  be  made  noiseless 
by  attaching  discs  of  vulcanized  rubber  to  the  bottoms 
of  the  legs,  and  sl:;!i!  ni'  _  il  i',  hmv  be  rendered 
much  less  noisy  by  :;'  ;  i  ;  ■  I  the  rubber  to 
the  parts  where  tin  ''■  ■■  ■:!  !'■  .Innr-siU  meet. 
Both  these  plans  1i;im  I  >■,  ,  i.:.  mly  adopted  in  the 
reading-room  of  the  British  Jluscuni,  much  to  the 
comfort  of  the  students.  Vulcanized  nibber  has  been 
applied  with  success  in  the  construction  of  railroads 
and  railroad  can-iagcs.  In  the  fomier  it  is  laid  between 
the  rail  and  the  sleeper,  and  thus  prevents  the  rails 
from  indicating  any  traces  of  pressure  ;  and  the  springs 
connected  with  the  buffers  of  ihe  latter,  when  formed 
of  this  substance,  can  neither  be  broken,  nor  can 
their  elasticity  be  siu-mounted,  by  any  degi-ee  of  con- 
cussive  violence.  In  a  lecture  on  this  substance, 
delivered  at  the  Royal  Institution  in  AprD,  1847,  the 
lecturer,  Mr.  Brockedon,  exhibited  objects  illustrative 
of  the  great  physical  change  induced  on  caoutchouc 
by  vulcanization.     He  showed  a  screw  with  its  re- 


cipient, both  made  of  this  substance,  as  well  as  a  form 
of  letter-press,  (Uke  a  stereotype  page,)  for  printing. 
He  also  noticed  its  usefuLuess  in  making  epithems 
for  surgical  purposes,  gloves   and  boots  for   gouty 
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tree,  (^'.(;  ■  ,      i  ,  h  rub,  growing  in 

Italy  ami  ilh'  ■■■i<  L  ^1  I  r,  mv,  I'lVMT.vcd  in  vinegar, 
these  flower-buds  coustilute  a  wcU-loiowu  article  of 
commerce,  and  of  luxury  at  our  tables.  The  cidtiva- 
tion  of  the  tree  for  this  purpose  is  confined  to  a  com- 
paratively narrow  district  in  the  south  of  Prance, 
namely,  Cugos  and  Roqucvaire,  in  the  department  of 
the  Bonches-du-Rhone,  and  Olioxdles,  in  the  depart- 
ment of  Da  Var.  The  gathering  time  is  from  June 
to  August.  As  soon  as  the  morning  dew  is  off  the 
trees,  women  wearing  a  sort  of  flexible  basket  at  tlieir 
waists,  collect  the  buds,  at  the  rate  of  twcnty-flvc  or 
thirty  pounds'  weight  in  a  day.  The  plantations  arc 
divided  into  'compartments,  each  of  which  is  visited 
every  week  during  the  season ;  an  experienced  picker 
being  able  to  tell  the  precise  day  when  the  buds  will 
be  in  the  best  condition.  A  small  and  choice  form  of 
bud  is  called  the  nonpareil;  but  if  this  bo  neglected 
for  one  day,  it  becomes  a  second-rate  liud,  called 
capriciite ;  if  not  gathered  then,  it  becomes  on  the 
third  day  a  capote.  These  three  qualities  are  per- 
fectly well  known  to  inerehants,  and  are  more  esteemed 
than  buds  gathered  at  random.  But  the  less  scrupu- 
lous cultivators  are  not  only  careless  in  this  respect, 
but  often  allow  the  flower  to  ripen  its  fruit,  which 
is  a  kidney-shaped  seed,  and  which  is  sold  with  the 
commoner  sorts  of  capers.  An  inferior  sort  of  caper 
is  sold  ?&flat  capers. 

In  some  cases,  capers  are  exposed  to  the  air  before 
pickling ;  but  the  best  way  is  to  plunge  them  in 
vinegar  at  once,  change  the  vinegar  in  a  week's  time, 
and  then  fasten  up  the  cask,  and  keep  it  undistui-bcd 
until  the  sale.     The  fmest  vinegar  should  alone  be 

TJie  caper  sales  take  place  about  the  month  of 
September,  and  on  the  day  fixed  for  the  delivery  of 
the  capers,  the  vmegar  is  drawn  off,  and  they  are  set 
in  baskets  to  di-aiu.  They  are  then  weighed,  and 
delivered  to  the  merchant,  who  usually  takes  them 
away  in  large  casks,  into  which  he  returns  the  vinegar 
in  which  the  capers  have  been  preserved,  which  is 
ceded  to  him  as  a  sort  of  perquisite  when  the  sale  is 
completed.  Capers  are  exported  to  most  parts  of 
Europe.  Our  own  consumption  is  not  veiy  large, 
not  more  than  about  60,000  lbs.  In  1856  we  imported 
73,691  lbs.,  including  the  pickle. 

CAPILLARY  ATTRACTION.  If  the  extremi- 
ties of  tubes  of  very  fine  bore  be  immersed  in  water, 
the  water  will  ascend  in  them  to  a  certain  height, 
which  is  great  in  proportion  to  the  narrowness  of  the 
bore  of  the  tube.  Such  tubes  are  called  capillary, 
from  their  bore  being  not  much  thicker  than  a  hair, 
and  tliis  foi-m  of  adhesion  is  therefore  called  capillary 
attraction.  The  surface  of  the  Uttle  column  thus 
suspended  will  be  a  hoUow  hemisphere  as  at  a.  Fig. 
445.    If  the  same  tube  be  plunged  into  mercury. 
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the  liquid  instead  of  rising  above,  will  be  depressed 
below  the  general  surface  as  shown  iu  b,  Fig.  446, 
and  the  surface  of  the  mercury  will  be  convex  instead 
of  concave.  This  effect  will  also  be  produced  in 
capillary  tubes  plunged  in  water,  provided  the  water 
cannot  wet  the  tubes,  as  when  they  are  covered  with 
a  thin  fikn  of  oil,  which  prevents  the  adhesion. 

"  The  phenomena  of  capillary  attraction  aud  re- 
pulsion, may  also  be  seen  in  vessels  containing  fluids. 
If  the  fluid  be  capable  of  wetting  the  sides  of  the 
vessel  which  contains  it,  it  wiU  be  raised  and  become 
concave  all  round  the  sides,  as  may  be 
seen  in  a  glass  of  wine  or  a  cup  of 
tea,  and  as  shown  in  Fig.  445,  a; 
]  but  if  the  glass  or  cup  be  too  fidl,  the 
I  absence  of  lateral  attraction  by  the 
vessel,  and  the  predominance  of  the 
force  of  cohesion  from  within,  will 
give  the  liquid  a  rounded  form.  If 
J.  ,j.  ttj.  ^j^^  vessel  cannot  be  wetted  by  the 
fluid,  as  when  it  is  greasy,  or  mercury  be  used,  the 
fluid  win. be  depressed  all  round  the  vessel  and  have 
onvcx  surface,  as  in  Fig.  446. 
Some  curious  appearances  of  attrac- 
[)  tiou  and  repulsion  are  produced  by 
the  operation  of  capillarity  (under 
which  term  all  effects  depending  on 
the  adhesion  of  fluids  to  solids  are  now 
included).  Two  balls  of  pith  or  wood, 
either  both  dry  or  both  wet,  floating 
in  water,  attract  each  other  as  they  do  in  all  cases 
when  so  distant  that  it  matters  not  whether  the  surface 
be  raised  or  depressed  where  it  approaches  them ;  but 
if  one  ball  be  wet  and  the  other  dry,  they  repel  each 
other  as  soon  as  the  liquid  surface  which  separates 
them  is  covered.  AH  these  effects  have  been  made 
the  subjects  of  deductive  science  and  with  great 
success.  They  have  been  generalized  by  Clairaut 
into  the  following  law: — If  the  intcnsit)/  of  the 
attraction  of  the  solid  on  the  fluid  be  greater  tliau 
half  that  of  the  fluid  on  itself,  the  fluid  will  elemte 
itself  above  the  solid;  if  it  be  less,  it  will  depress 
itself ;  and  if  it  be  equal,  it  will  neither  elevate  nor 
depress  itself." ' 

Examples  of  capillary  attraction  are  very  nume- 
rous ;  such  as  the  ascent  of  water  in  a  piece  of  lump- 
sugar,  or  in  a  sponge,  the  pores  of  the  sugar  or  of 
the  sponge  acting  as  capillary  tubes ;  the  ascent  of 
oil  in  a  lamp  and  tallow  iu  a  candle,  the  cotton  fibres 
of  the  wick  serving  also  as  fine  tubes.  The  facility 
with  which  water  becomes  diffused  among  sand  is 
also  due  to  this  cause-  Sap  ascends  in  plants  by  the 
same  force,  and  some  idea  of  its  intensity  may  be 
gained  by  fitting  a  dry  plug  of  wood  tightly  into 
a  stout  tube  of  glass  or  porcelain.  If  a  projecting 
jioriion  of  the  wood  be  allowed  just  to  dip  into  the 
water,  the  liquid  will  ascend  and  cause  the  wood  to 
swell  with  such  force  as  to  burst  the  tube,  although 
capable  of  resisting  a  pressure  of  more  than  7001bs. 
ou  the   square  inch.     Advantage   is   taken  of  this 


property  in  the  formation  of  millstones.  A  ma.ss  of 
stone  is  cut  into  a  cylinder  several  feet  high,  which 
is  subdivided  into  horizontal  pieces,  so  as  to  make 
as  many  millstones,  by  chiselling  out  horizontal 
grooves  quite  round  the  cylinder,  at  distances  cor- 
responding to  the  thicknesses  intended  to  be  givRn 
to  the  millstones :  wedges  of  wood  are  driven  into 
this  groove:  these  are  then  wetted,  and  the  next 
morning  the  different  pieces  are  found  separated  from 
each  other  by  the  expansion  of  (he  wood,  consequent 
on  its  absorption  of  moisture,  "au  irresistible  natural 
power,"  as  Sir  John  Herschcl  rcinarks,  "  thus  ac- 
complishing almost  without  any  trouble  aud  at  no 
expense,  an  operation  which,  fiom  the  peculiar  hard- 
ness and  texture  of  the  stone,  would  otherwise  be 
impracticable  but  by  the  most  powerful  machinery 
or  the  most  pcrseveriun-  labour." 

An  mtcresting  ol.iss  (,r  ].l,r,inincia  has  been  dis- 
covered by  M.  Dut  i.-'  <,i  ,1.  I.  ,-,■  II  great  analogy 
with  those  of  capiil.i  .  \\  ;  i  ^  ilifferent  liquids 
are  separated  by  a  |         -  j  ,    ucli  as  an  animal 

or  vegetable  membrane,  a  iimnuii  is  induced  through 
the  pores  of  the  membrane  of  one  liquid  towards  the 
other:  this  is  termed  eiiilosi.ioxr,  or  "current  towards 
the  interior."  Thus,  if  a  vessel  be  divided  into  two 
distinct  parts  by  means  of  a  membrane,  and  water  be 
poured  into  one  part  and  a  solution  of  gum  in  water,  or 
acetic  or  nitric  or  muriatic  acid,  into  the  other,  there 
will  be  endosmose  from  the  water  to  the  solution  of 
gum,  and  to  the  acids  respectively.  There  is  no 
endosmose  from  one  portion  of  liquid  to  another 
portion  of  the  ffime  kind  of  liquid,  nor  from  water 
to  a  dilute  solution  of  sulphm-ic  acid.  Sugar  in 
solution  of  the  same  density  with  solution  of  gum 
gives  a  double  elevation  of  the  gum.  Of  all  vege- 
table substances  sugar  exhibits  the  strongest  force 
of  endosmose,  as  does  albumen  among  animal  sub- 
stances. The  term  exosmose  is  applied  to  phenomena 
the  reverse  of  endosmose :  it  is  due  to  the  same 
cause,  but  has  another  direction. 

Some  veiy  striking  effects  of  endosmose  and  ex- 
osmose  may  be  exliibited  with  some  of  the  gases. 
For  example;  confine  a  portion  of  common  air  in 
a  tumbler  or  wide-mouthed  jar  by  carefully  tying 
over  it  a  piece  of  thin  sheet  india-rubber,  and  place 
it  under  a  large  bell  glass  filled  with  hydrogen  and 
standing  in  a  dish  of  water:  the  hydrogen  will 
gradually  find  its  way  through  the  india-rubber  and 
act  upon  it  with  such  elastic  force  as  to  distend  it 
and  ultimately  to  burst  it.  If  the  included  jar 
contain  hydrogen,  and  the  bell-glass,  air,  an  opposite 
result  win  be  obtained ;  the  india-rubber  will  become 
concave  instead  of  convex.  This  subject,  however, 
is  not  of  a  suiBciently  practical  nature  to  be  further 
noticed  in  a  work  of  this  kind. 

CAPS,  see  Percussion  Caps. 

CAPSTAN,  (French  cabestan,)  a  vertical  windlass 
employed  on  board  large  vessels  in  the  operation  of 
weighing  anchor,  and  for  otherwise  assisting  the 
mechanical  power  of  the  crew.  It  consists  of  a 
drum  or  barrel  revolving  on  a  vcrticle  spindle,  with 
holes  cut  in  the  upper  part  or  dnim  head  for  the 


reception  of  honzontal  levers  or  capstan  bars  Uocd 
for  turmng  it  round  The  cable,  or  m  large  slups 
a  smaller  rope  itficlied  to  the  cable,  called  the 
messetiqn  ib  voiuid  two  oi  thiec  tmies  round  the 
burel  and       ili    i    |    I    ii    tmiK  1  umnd  by  men  it 


pauls  The  capstan  is  often  made  to  consiat  ot  t^c 
paito  attached  one  above  the  other  to  the  same 
vertical  axle  one  bemg  on  the  quaiter  deck  md  the 
am  deck  of  a  ship  both  paits  bein^ 
\ho  act  a_,auist  the  bars  ot  both  at 
If  theie  it>  a  wmdlass  on  boaid  ship, 
dispensed  with  and  the  spmdle  is 


othti  on  thi 
turned  by  in 
the  same  tm 
the  lowei  bar 


tapciod  giadnaUy  fium  the  putnois  to  the  step 
Sometimes  the  spindle  is  ol  uon  and  luns  down  no 
further  thin  the  uudciside  of  ihe  paitueis  whcie  it 


ILl  iiuckncii      B    md  l    u     two  nlitcb  cuuhmng 
the  ccnties  of  the  pmioi  s  /;/)     nito  the  top  of  these 
phtcs  the  bolts  rp  fill  to  mcicisc  the  powei ,  nil 
111  f  1  't     louud  the  two  lower  of 

I  111  ^)lajs  loosely  and  the 
I'll  quiitci  deck  paitneis, 
L  IS  til  I  I  II  u  i\id  on  the  spmdle  cone 
spondnia  to  i  li^  It')  md  pp  are  the  pmiona 
that  act  between  w  and  p  At  a  Fi^  150  is  a 
hexagon  on  the  spmdle  o\ci  which  the  clutch 
box.  I  lig  41S  IS  fitted  KK  aic  leveis  by  which  i 
IS  raised  to  the  outei  ends  ot  which  the  chains 
tuat  carry  the  bolts  pp  ue  fisteuid  thus  bung 
mg  into  one  action  tlic  two  opcntions  of  sopa 
ratmg  the  c-^pstau^  md  f  mii- thclnwa  one  to  th^ 
michmcn      IIilIiuN.,,,     i    n  iiK  to  1  i^tru  tu  the 


saok  ot  the  cable  or  mcb  cu^li  as  it  luw  mdh  from 
the  bairel  This  machine  was  mtioduced  uto  Eu^ 
laud  in  the  reign  of  Elizabeth  and  ■^^as  piul  ibly 
obtuiicd  through  the  Eieuch  from  the  SpimauK  or 
Portuguese  who  fiom  the  use  of  the  woid  c«i(,^to^ife 
in  the  second  voyage  of  Columbus  appeal  to  ln\c 
been  acquamted  with  it  at  least  as  c\ily  as  the  lattti 
part  of  the  15th  cmtury  The  machine  has  pi  cd  | 
through  a  succession  of  impiovements  which  need 
not  be  noticed  here  The  common  capst  m  Pig  i4-7 
consists  of  the  spindle  s  the  drum  liead%  d  the  whelps 
w,  of  which  cc  ere  the  ckeel  ^  v  is  tlu  janl  Ii  ad  md 
pihopuulrm  The  ba> rel  t  i  i'  i  i  n  i  i  \  ud 
by  the  whelps,  of  which  thtu  i  m 

and  IS  made  paiallel  fiom  c  i  i  i    li  ^ 

aie  bolted  to  the  bauel  and  thu  u  1 1  1 1  i  i  «  ud 
down  about  an  inch  upon  the  whtlps  ihc  wood 
woik  IS  made  of  well  seasoned  English  oak  the  bxr^ 
are  usually  of  ash  and  about  10  feet  long  they  are 
inserted  into  holes  moitised  m  the  dium  head  12  m 
the  uppei  and  6  m  the  lowei  capstan  and  thcv  are 
secured  by  pms  to  pi  event  them  iiom  iljm^  out  by 
any  recoil  of  the  capstan  an  accident  winch  is 
guarded  against  by  the  use  of  jnuls  ol  whieh  there 
are  two  kmds  one  bolted  to  tlie  )  iitneis  r'  that 
turn  hoiizontally  and  aie  moved  by  hand  the  other 
fastened  to  the  paul-head  and  fallmg  alternately  into 
small  ii'on  cells  in  the  paul-rim,  and  so  disposed  that 
the  capstan  cannot  recad  above  half  the  length  of 
oae  of   the   cells   without    being  checked    by   the 


hooks  N  N  in  the  capstan  head  as  aineth  1 1  <  t  kc"piii^ 
the  clutch-box  raised ;  q  q  are  small  bolts  which  can  lio 
pushed  uito  the  links  of  the  chaiu  m,  to  prevent,  if 
ueeessary,the  bolts  p  p  from  descending :  wheu  thus 
arranged,  the  capstans  become  separate  and  distinct 
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machines.  By  raising  the  levers  kk  the  clutch-bos  falls, 
the  bolts  p  p  are  suspended,  and  the  whole  becomes  a 
common  double  capstan.  Should  any  difficulty  occur 
in  raising  the  anchor,  all  that  is  necessary  is  to  press 
down  the  levers  so  far  as  to  hook  the  chain  o,  and 
the  power  is  increased  fom-fold.  "  The  reason  of  this 
is  sufficiently  obvious ;  the  power  applied  to  the  upper 
capstan  acts  thi'ough  the  spindle  upon  the  pinion, 
p,  Fig.  419,  which  communicates  its  motion  to  that 
at  p ;  now  as  this  last  turns  about  the  teeth  of  the 
fixed  wheel,  it  follows,  that  whatever  force  is  exerted 
by  p  wlU  be  doubled  at  the  centre  of  the  pinion  p. 


g 


that  is,  win  communicate  itself  with 
a  double  force  to  the  lower  cap-    . 
stan ;  and  as  it  is  necessary  in  calcu- 
lating these  eifects  to  consider  the  -    — 
power  and  weight  as  applied  at  an  \S     ° 

equal  distance  from  the  centre,  we  ria.  4:0. 

mu.st  suppose  the  power  applied  to  the  upper  cap- 
stan to  be  half  that  which  acts  at  the  circumference 
of  the  centre  pinion :  that  is  to  say,  the  power  appKcd 
to  the  upper  capstan  is  to  that  exerted  at  the  lower 
as  1  to  4." 

The  capstan  is  superior  to  the  windlass  in  point  of 
expedition,  because  in  the  latter  the  levers  must  be 
shifted  into  fresh  holes  four  times  in  each  revolution : 
a  larger  number  of  men  can  also  be  employed  at  the 
capstan  bars  than  at  the  handspikes  of  a  windlass  : 
but  the  men  exert  their  strength  more  effectually  at 
the  windlass  than  at  the  capstan,  since  in  the  latter 
case  they  are  employed  to  draw  horizontally,  when 
they  exert  a  force  of  only  about  35  lbs.,  whereas  in 
the  windlass,  they  apply  their  own  weight  at  the  ex- 
tremity of  the  lever,  and  the  avert^e  weight  of  a  man 
Ls  about  150  lbs.  or  4  times  his  power  of  traction. 

CAEAT,  a  bean,  the  frait  of  an  Abyssinian  tree 
called  kuara.  It  varies  very  little  in  weight  from 
the  time  of  its  being  gathered,  and  is  used  as  a  weight 
for  gold  in  Africa,  and  for  diamonds  in  India.  The 
carat  consists  of  4  nominal  grains  a  little  lighter  than 
4  grains  troy.  74^^  carat  grains  are  equal  to  72  troy 
grains.  The  carat  is  divided  into  halves,  quarters  or 
carat  grains,  eighth,  sixteenth,  and  thirty-second  parts. 
[See  also  AssArrs  g.] 

CAEAWATS,  the  seeds  of  Canm  carui,  a  plant 
found  in  pastures  over  the  whole  of  Europe,  natural- 
ized in  England,  and  largely  cultivated  in  Essex  and 
Suffolk.    The  seeds,  which  are  the  fuiTowed  halves  of  | 


the  ripe  fruit,  are  used  in  medicine  as  a  carminative, 
by  confectioners  and  biscuit-bakers,  and  by  the 
brewers'  druggists  as  a  flavouring  for  beer.  It  L 
biennial  plant,  and  is  usually  sown  with  coriander,  and 
sometimes  a  crop  of  teazles  is  raised  on  the  sa 
land.  By  distillation  with  water,  caraways  yield 
about  5  per  cent  of  a  fragrant  aromatic  essential  oil 
of  a  pale  brown  tint  which  deepens  by  age.  It  i 
mixture  of  a  hydrocarbon  {Caruine  =  Cio  Hg)  and 
of  an  oxyhydrocarbon,  which  distilled  with  phosphoric 
acid  yields  a  thick  oil,  (cantole  or  caracole  =  C  k 
Hk,0,). 

CAEBON,  an  elementary  substance  of  first-rate 
importance  in  chemistry  both  organic  and  inorganic, 
and  also  in  the  Useful  Arts.  It  is  very  widely  dif- 
fused throughout  the  kingdoms  of  nature,  and  exists 
under  an  immense  variety  of  forms.  The  purest  form 
of  carbon  is  the  diamond,  which  is  foimd  tliroughout 
the  range  of  the  Ghauts  in  India,  but  chiefly  at  Gol- 
conda,  in  Borneo  and  also  in  Brazil.  All  the  largest 
diamonds  are  from  Golconda.  The  Brazilian  mines 
are  said  to  fumish  from  10  to  13  lbs.  weight  of  dia- 
monds every  year,  of  which  not  more  than  from  800 
to  900  carats  are  fit  for  jewellery.  It  is  always  associ- 
ated with  materials  transported  from  a  distance,  such 
as  rolled  gravel,  so  that  its  origin  is  doubtful.  On 
removing  the  crust  which  covers  the  crystals,  their 
exceeding  brilliancy  becomes  apparent ;  they  refract 
light  powerfully  and  are  generally  perfectly  trans- 
parent, although  diamomls  have  been  found  of  a  black, 
blue,  green,  and  of  a  beautiful  rose  colour.  Those  which 
are  colourless  are  most  esteemed :  those  which  are 
slightly  brown  or  tinged  only  with  the  other  colours 
are  least  valuable.    Black   diamonds  are  extremely 

#rare.  The  primitive  form  of  diamond  is 
the  regular  octahedron,  or  two  foui--sided 
pyramids,  of  which  the  faces  are  equi- 
lateral triangles,  applied  base  to  base. 
Fig.  451.  Fig.  451.  It  is  also  found  in  figures 
bounded  by  4S  curved  triangular  faces,  but  can  always 
be  cleaved  in  the  direction  of  the  faces  of  the  octa- 
hedron, which  possess  that  particular  brilliancy  charac- 
teristic of  the  diamond.  The  diamond  is  the  hardest  of 
the  gems.  Its  sp.  gr.  varies  from  3.4  to  3.6.  It  is  a 
non-conductor  of  electricity ;  is  not  acted  on  by  any 
solvent,  nor  is  it  affected  by  heat  only,  for  it  may  be 
heated  to  whiteness  in  a  covered  crucible  without  in- 
jury :  it  burns  in  the  open  air  at  and  about  the  melting 
point  of  silver,  charcoal  sometimes  appearing  on  its 
surface,  and  it  is  entirely  converted  into  carbonic  acid 
gas.  Attempts  have  been  made  to  fuse  or  crystallize 
some  pure  form  of  carbon,  or  in  other  words  to  manu- 
facture diamonds,  but  they  have  all  failed.  According 
to  a  recent  experiment,  when  exposed  to  the  very  high 
temperature  produced  by  a  Bunseu's  battery  of  100 
plates,  or  by  a  condensed  mixture  of  carbonic  oxide 
and  oxygen  gas,  the  diamond  fuses,  and  is  converted 
into  a  mass  resembling  coke :  its  sp.  gr.  is  thereby 
reduced  from  3.336  to  2.678. 

The  combustibility  of  the  diamond  was  ascertamed 
by  the  Tuscan  philosophers  and  the  Hon.  Mr.  Boyle, 
who,  by  exposing  a  diamond  in  the  focus  of  a  large 


lens,  consumed  and  dissipated  it.  It  was  also  burnt 
by  means  of  melted  nitre  in  a  gold  tube  by  Mr. 
Sraitbson  Tennant,  and  it  was  completely  volatilized 
in  the  brilliant  arch  of  flame  evolved  between  charcoal 
points  in  the  galvanic  battery  of  the  Royal  Institntion. 
Lavoisier  proved  that  carbonic  acid  was  evolved  is  a 
product  in  the  combustion  of  the  diamond  and  that  of 
charcoal,  a  result  abundantly  confirmed  by  Messrs 
Allen  and  Pepys  and  others.  Sir  George  Mackenzie 
converted  iron  into  steel  by  means  of  powdered  dia 
monds  instead  of  powdered  charcoal.  Mr.  S  Tennant 
liavinjj  placed  a  diamond  in  a  gold  tube  suppoited  m 
a  state  of  incandescence,  a  stream  of  oxygen  by  means 
of  i;(  iiflr  ]iii  -^iiir  Mas  made  to  traverse  it,  and  the 
1'  lili  I  •  :  1  '  J  I'l  I  >.  II  was  converted  mto  an 
'  I  I  ':;as,  which  was  found 

I  Mii^-  over  mercury.  Sir 
II  '  1^  I  mIimi  I'  I  I' i(  lice  made  some  experi- 
luruls  \mI1i  the  Claud  Piilvc's  burning  lens  on  the 
combubtiou  of  the  diamond.  1.81  grains  of  small 
diamniuls  were  placed  in  a  platinum  capsule,  in  a 
glass  globe  of  the  capacity  of  14. 9  cubical  inches,  and 

supplied  with  oxygen  gas,  Kg. 
I.  "  Soon  after  the  capsule 
>   placed  in  the  focus  in 

bright  sunshine,  the  diamonds 
_  burnt  with  great  briUiaucy,  and 
f  continued  to  bui-n  until  they 
lad  considerably  diminished 
n  bulk ;  but  their  splendour 
of  combustion  gradually  became  less,  and  before 
they  had  apparently  lost  baK  of  their  volume,  the 
process  ceased.  By  placing  them  a  second  time 
in  the  focus,  after  agitating  the  globe  so  as  to 
change  their  places,  the  combustion  was  again  pro- 
duced ;  but  the  light  was  much  less  vivid  than  before, 
and  the  combustion  contmued  for  a  much  shorter 
time.  They  were  exposed  to  the  concentrated  rays  a 
third  and  a  fourth  time,  but  after  the  foui'th  time 
they  seemed  incapable  of  burning."  The  fragments 
which  remained  weighed  .52  of  a  grain;  they  were  not 
black,  but  were  deprived  of  lustre.  Sir  H.  Davy  also 
ignited  a  small  diamond  weighing  .45  of  a  grain,  in  a 
vessel  of  chlorine  gas,  and  kept  it  in  a  state  of  intense 
ignition  by  directing  on  it  the  solar  focus  by  means  of 
the  great  lens  of  the  Florentine  Museum  for  more 
than  half  an  hour :  but  the  gas  suffered  no  change, 
and  the  diamond  bad  imdergone  no  diminution  of 
weight,  and  was  not  altered  in  appearance. 

The  art  of  cutting  and  polisliiug  diamonds  is 
supposed  to  have  originated  in  Asia  at  some  unknown 
period.  It  was  accidentally  discovered  in  1456  by 
Louis  Berquen,  of  Brages,  that  by  rubbing  two 
diamonds  together  a  new  facet  was  produced.  Dia- 
mond powder  obtained  by  this  rubbing  is  used  for 
polishing  the  diamond.  For  the  purposes  of  jewellery, 
the  diamond  is  prepared  by  splitting,  culling,  and 
polishing.  The  portions  not  requii-ed  in  shaping  the 
stone  are  split  off  by  fixing  the  stone  in  a  ball  of 
cement,  about  the  size  of  a  walnut :  the  line  of  division 
is  then  drawn  a  little  way  with  a  pointed  diamond, 
feed  in  another  ball  of  cement:  the  stone  is  then 
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split  with  the  blunted  edge  of  a  razor,  struck  with  a 
hammer.  The  small  fragments  removed,  when  too 
small  for  jewellery,  are  called  Lort.  Diamonds  are 
cut  by  the  operation  of  one  stone  upon  another.  The 
stones  are  cemented  in  the  ends  of  two  sticks,  sup- 
ported on  the  edges  ot  a  smiU  stiong  mahogany  box, 
lig  453,  about  4  niches  long,  3  uiches  wide  and  3 


inches  deep.  The  sides  are  half  an  inch  in  thickness, 
wliich  gives  it  considerable  strength.  The  upper 
surfaces  of  the  four  sides  of  the  box  are  each  covered 
by  a  rim  of  steel,  and  in  the  centre  of  each  of  the 
longest  sides  a  pin  of  steel  is  finuly  fixed  :  these  pins 
are  used  as  fulcra,  against  v,\\\'-h  i'  ■  1;:  ■  ■';  "r  slicks 
holding  the  stones  are  to  h.  in  ::,  ,  ,  .i  wlicii  in 
operation.      The    stones   an  '   •   '      mlibed 

against  each  other,  by  which  !-,<!•  1 1  '  _;  :i!  :  hIc  each 
other  in  nearly  flat  planes,  and  remove  a  line  dust 
{diamond  powder),  which  falls  through  the  tine  holes 
in  the  bottom  of  the  box,  and  is  there  collected.  By 
means  of  tliis  powder  diaim  :-  .i;<  ,  ''  '  ''.  An 
iron  lap  or  .tM't; being  ehaiL'     ,  1    i.  '  ["iwder, 

the  stone  is  guided  by  nirrli.ii   .    I  n  ii  i;  fixed 

by  soft  solder  in  a  copper  (11/  '  I'lrdbya 

stout  copper  wire  to  the  ('!>:■       '  —  a  ilat 

board,  terminatmg  at  the  o; !      -    ''  i..  .'feet, 

which  rest  upon  a  fixed  su|i:  '  :;  I  !:  r-niiing 
a  long  and  very  shallow  tiiaugul.u-  .iiuul,  luadcd  at 
the  end  near  the  stone.  The  stone  is  readjusted  for 
producing  every  separate  facet.' 

Diamonds  are  cut  into  various  forms,  called  tha 
Bnllimit,  the  Bose,  and  the  Tahle.  The  first  form 
shows  the  gem  to  the  best  advantage,  and  is  always  set 
with  the  table  upwards.  In  the  rose  the  entire  surface 
is  covered  with  equilateral  triangles  terminating  in  a 
sharp  point  at  the  summit.  This  form  is  used  when  the 
spread  of  sm-face  is  too  great  for  its  depth,  and  it  could 
not  be  cut  into  the  brilliant  form  -wathout  great  loss. 
The  table  is  applinl  to  ri:rh  (Hnmonds  as  may  be 
regarded  as  plafc,-,  'in  ,  '  r  '  m,s  of  small  depth 
compared  to  their  i;  .  "i  -  nl.  The  brilliant 
and  the  rose  lose  i  a  mi;  l- .ml  j.ili.sliing  somewhat 
less  than  half  their  wciu'ht,  so  I  hat  the  vahic  of  a 
cut  stone  is  double  that  of  an  uncut  one,  without 
reckoning  the  expense  of  the  process.  Small  dia- 
monds are  sometimes  set  on  black  or  coloured  foil, 

(1)  This  subject  wHI  bo  resumed  lu  the  Appexdix.  See  also 
LApmiB7-wonK.  The  reader  interested  iu  the  subject  may  con- 
sult Mr.  E.  Turrell's  paper  on  siilitting-,  cutting,  and  polisl)ing 


but  a  well-proportioned  brilliant  of  extreme  purity  is 
best  displayed  when  entirely  exposed.  The  rose 
diamond  is  flat  underneath,  and  its  upper  sui-facc, 
raised  in  the  form  of  a  dome,  is  cut  into  facets.  It 
has  commonly  six  facets  in  the  centre,  triangular  in 
shape,  and  convergmg  to  a  point  at  their  sunmiit. 
""  3  bases  of  these  abut  on  anolliri  mul  i   >  f  i ; '.n  Ji  .s 

X  reversed  order,  their  bases  111  n- 

joincd with  the  bases  of  the  hiiilh  ,  ,ih 

forming  what  are  called_/"«(27/('/.s  oi  I'  ivi  -  Tin  i  l,i>t 
triangles  have  spaces  between  thciii,  each  of  wliieh  is 
cut  into  two  facets.  The  rose  diamond  is  thus  cut 
into  2i  facets,  and  the  surface  of  the  gem  is  divided 
into  two  parts,  of  which  the  higher  part  is  called  the 
crown,  and  the  lower  part  the  teeth. 

That  part  of  the  brilliant  which  rises  m  relief  is 
always  thinner  than  the  rose  diamond,  and  the  entire 
thickness  of  the  stone  is  divided  into  two  unequal 
parts;  ^d  is  reserved  for  the  upper  surface  of  the 
gem,  and  fds  for  the  lower  portion ;  this  part,  which  is 
embedded  and  so  far  concealed,  is  called  the  culusse. 
JelTtics  calls  the  lower  flat  part  the  culel ;  the  su- 
perior one  the  table ;  the  central  line  of  the  entire 
diiiiiiond  (he  rjirdle,  and  the  facets  shil  and  steel  facets. 
In  ;;  ;"Tfri'fly  furmed  veil  proportioned  stone,  the 
1-.    r  1  :  ■  '      ■    :  >.r  the  upper  table.     The 

ii   ■     I       >:     I    ,  i:  I  ilie  circumference  is  cut 

ml"  I.I'  :  I  iMii.  I  j:,  I  ■  'tlicse  should  be  placed 
\\\  I  he  same  order  as  tlie  upper  facets,  so  that  all 
false  ))lay  of  light  may  be  avoided.  The  beauty  of 
the  brilliant  depends  on  the  sparkling  splendour  of 
its  light,  resulting  from  the  high  powers  of  refraction 
which  distinguish  this  gem.  The  rose  diamond  darts 
a  great  splendour  of  light  in  proportion  as  it  is  more 
spread  than  the  brilliant.  The  latter  was  an  im- 
provement on  the  table  diamond  introduced  in  the 
seventeenth  centniy,  and  the  advantage  is  caused  by 
the  dilTerence  in  cutting  it.  It  is  formed  into  32 
facets  of  different  figui-es,  and  inclined  at  difi'erent 
angles  around  the  table  upon  the  superior  sm-face  of 
the  stone.  The  culasso  is  cut  into  24  facets  round  a 
small  tabic,  which  converts  the  culasse  into  a  trun- 
cated pjTamid.  These  24  facets  below,  as  well  as 
the  32  above,  are  differently  incUued,  and  exhibit 
different  figures.  The  facets  above  and  below  must 
correspond  perfectly,  and  the  proportions  be  so 
exact  as  to  multiply  their  reflections  and  refrac- 
tions, so  that  the  prismatic  rays  may  be  seen  to 
the  best  advantage. 

Fig.  454,  No.  1,  represents  a  regular  octahedi-al 
diamond ;  No.  2,  the  top  and  bottom  reduced,  to  form 
the  table  and  collet;  No.  3,  the  same,  single-cut. 
No.  4  is  a  profile  of  a  full-sized  brilliant,  in  which  a 
is  the  table,  b  the  collet,  c  the  girdle,  i  the  bizet,  and 
e  the  collet  side.  No.  5  is  the  table  and  bizet  of 
No.  4 :  No.  6  the  collet  and  collet  side  of  the  s 
t.Nos.  1  to  6  represent  the  sizes  of  brilliants  of  from 
1  to  6  carats,  cut  in  exact  proportion.)  No.  7  repre- 
sents another  brilliant.  Nos.  11  and  12  are  two 
views  of  a  rose  diamond:  No.  8  table  and  bizet; 
No.  9  collet  and  collet  side.  Nos.  11,  12,  8,  and  9 
represent  the  size  of  a  well-proportionod  10-carat 


diamond.      Nos.  10  and  15  a  table  diamond;   No. 
13  a  hisquc  ;  No.  14  the  same,  with  one  bevel. 


A,  Fig.  455,  is  an  instrument  called  by  diamond- 
cutters  the  compass.  It  is  formed  of  a  piece  of  plai)i 
brass  for  the  base,  with  a  movable  arm  in  the  centre, 


which  in  tlie  figure  is  at  45°,  measuring  the  inclina- 
tion of  the  collet  side  to  the  girdle,  and  of  the  bizet 
to  the  table,  at  the  supplement  of  the  same  angle. 

The  follo^ving  are  copies  of  some  of  the  largest 
known  diamonds.  Fig.  456  is  the  Pitt  or  Regent 
diamond;  the  dotted  line  ..- "  ;ll_    --, 

being  the  outline  of  the 
rough  gem.  This  diamond 
is  said  to  have  been  found  ; 
in  Malacca:  it  was  l 
chased  by  Thomas  Pitt, 
Esq.  (grandfather  of  the 
first  Earl  of  Cliatham) 
when  governor  of  St. 
George,  in  the  East  Indies, 
in  the  reign  of  Queen  Anne,  for  20,400/. ;  it  weighed 
when  raw  410  carats,  and  when  cut  13Gi  carats.  It 
was  brought  to  Loudon,  cut  as  a  brilliant,  and  sold  to 
the  Duke  of  Orleans  for  the  king  of  Fnmee,  in  1717, 
for  135,000/:  5,000/.  was  spent  in  the  negotiation, 
&c.  The  cutting  occupied  two  years,  and  is  said  to 
have  cost  3,000/. :  the  fragments  were  worth  several 
thousands,  and  the  diamond  has  since  been  valued  at 
400,000/.  Napoleon  placed 
it  in  the  hilt  of  his  sword.  ^y  y,\  /\ 
It  is  still  preserved  among  ^^^^^  \/\^ 
the  jewels  of  France. 

The  Pigot  diamond,  Fig. 
457,  weighs  49  carats,  and  ' "''' '"" ' 

is  valued  at  40,000/.  Some  years  ago,  it  was  disposed 
of  by  lottery,  and  became  the  property  of  a  young 
man  who  sold  it  at  a  low  price.     It  is  said  to  have 


been  ultimately  puicliascd  by  the  Picln  of  Egypt 

for  30,000/. 

The  Austinn  diamond,  Fig    458,  weighs  ibo\e 

139  i  c-irats    It  belongs 

'\7\/  \/  \/  \7\7\      to  the  Emperor  of  Aub 

/V\./\/\7\/\AA   tria,  and  was  fonneily 

VXA/VXA/VA  mthepo^^sessionofjhe 


the  spods  tikcn  during  the  Mahiitti  ^ 

valued  at  30,000/     It  is  ot  gicat  puuty   but  of  bad 

The  giaud  Eussian  diamond  is  said  to  have  been 
the  eye  of  an  Indian  idol,  and  to  have  been  stolen 
fiom  thence  by  a  Fieneh — some  ■^ay  an  lush— soldiei, 


who  snklit  loth    ciituu  rt 

a  slupfoi  2,000/,  and 

thecapt         1            !               1 

nope  foi  20,000/      \ 

length  11  1 

I  mcichaut,  who     1 

it  tol'iu 

Emm  ess  of  Eu'^ 

foiOOOOli/.H                          \ 

tlOOO/   andapattiii 

ot  nobilitv      It  ^\  t  ii^lis  seal  ci  ly  200  cai  ats 

The   Kohinooi     oi    '  Mountain   oi   Light,"  the 

laigest  known  diamond  m  tl 

^^,     11           ,(„     fh 

Brazdian  stone  among  the  ci 

has  lately  been  added  to  tlie 

soveieign    It  was  m  the  ye  a 

dynasty  had  been  c  tal  li  h   I 

great  Akbar,  that  tl               II 

m  the  mines  of  G  1               1 

the  tiaui  of 

conquest,   and    is     1 

luon    liom 

Golconda  to   Delhi    U        i> 

lishcd    ficm 

Mushed  to  Cibul    mliumC 

bdtoLihoie     T\h   i 

fiistgnento  Shah  Jch  urn  it 

^  s  stdl  micut,  ■nc  .,h 

n  dewhcnthcie 
rheioughdn 


.    luterciting 


diamondb  of  meousic'ciable  sue  thojewcUci  cmiloys 
a  gauge,  in  the  handle  ot  which  aie  embedded  small 
crystals  ot  vaiiouo  lelative  size--,  fiom  j-jtli  t^  ^thof  a 
caiat,  and  aeompaii     i  i-,  f! 

mond  IS  calk  1  / 
ments  which  ai 

Ihe  chief  ajj  1 
mental  jeweUcij,   b  t    th  i 

applications  ot  tins  gem  m  the  useful  aits     It  Ins 

been  employed  in  commouwiththe  sapphiie  and  luby 

m  some  desoiiptions  of  wiie  chawing    Its  supeuority 

m  tliib  icspect  o\ei  a  steel  phte  depends  upon  its 

supeuoi   hudness,  so  that  a  wiie  ot  imauablc  dia- 

nictci  cm  always  be  obtained     The  chamond  is  em 

ployed   IS  end  pieces  m  cluonomcteib,  to  close  the 

■iitket  in  which  the  pivot  mo\es,  and  agamst  which 

it  abuts     It  has   been  successfully   employed  for 

I  1     u,   M     11   deep  lenses  foi    single   iiiioioscopes, 

utiaetive  powei  with  mfenoi   dib 

1  veiy  little  longituchnal  ibtiiatiou 

I  I    ^  foimcd  a  v  eiy  thm  d  uble  con\  ex 

I     ^    lilu         uiil  of  equal  ladu,  ai  d    1  lut -n  mch 

locus,  from  a  veiy  poifect  stone  of  Iht  hist  \\  itci 

A  diamond   aud   a  piece  of  plate  ghss   giound  in 

I       Mill    f  1  1       111  \   tl    fh        lie  lulius     lie   m 

i  s    S     3,   so 

t  thit  cf  the 


1    ■ 


aill 


(.tchlll 


by  tht  cm  ig.  d  ^I  ,  il  It  ib  i  rut  a  I  i  j,  uii  d 
idea  may  be  formed  of  its  shape  and  size  by  coucei\  ing 
it  to  be  the  pointed  half  c  t  a  small  hen  s  egg ,  though 
it  is  said  not  to  lia\e  risen  moie  than  halt  an  inch 
from  the  gold  settmg  m  which  it  was  worn  by  Runjeet 
Its  value  is  seiiecly  computable,  thou.,h  tw  o  mdlions 
sterling  has  been  mcuticned  as  a  justihahle  puce,  if 
calculated  by  the  sc-'le  employed  m  the  tiado 

Small  diamondb  and  fiagments  m  ide  up  m  sm  ill 
sealed  bags  aie  sold  m  the  East  by  the  diamond 
merchants.  According  to  Jcllues,  the  value  of 
diamonds  is  in  the  duphcate  ratio  of  then  weights 
Thus,  if  an  uncut  diamond  of  one  eaiat  be  woith  2/, 
that  of  one  cut  and  pohshed  ^^  ould  be  valued  at  8/ 
sterling  in  the  brilliant  A  cai  it  weighs  foui  uommal 
grains,  or  3.166  giams  tioy  At  this  late  a  cut  dia 
mond  of  two  carats  would  be  2  x  8  x  2  =  32/  ,  one 
of  three,  3  x  S  x3  =  72/.;  one  of  four,  4  x  S  x  4  = 
128/. ;  and  one  of  five,  5  x  8  x  5  =  200/.  The  rose 
diamond  is  of  inferior  value,  but  has  been  rated  at  4/. 
the  carat  when  polished.  For  the  purpose  of  estimating 


c  PI  ci ,  a  qIl  it  impi  J  i  ic  t  >^  tht  steel  point  soon 
gnes  way  Foi  these  and  simihi  useful  pui poses 
diamond  boit  is  employed ,  an  aiticle  ot  extensive 
1]  plication  m  the  hands  of  glass  cutteis  aud  glazieis, 
sc  1  LUgi  ucis  dentists,  coppoi  phte  engiaveis,  lapi 
diiics  chmiucndeis,  enj^iaveis  foi  cahco  prmteis, 
I  1  1  steel  tuineis,  and  tngiaveis  on  that  metal 
^  state  of  haidness  and  tempei ,  also  foi 
I  on  haid  steel  and  glass  foi  miciometeis,  &,c 
1 1  powder  ib  used  in  conjunction  with  the 
\  tools  of  the  seal  engi  ivci,  and  also  m  other 
iitb  No  othei  nnteinl  has  been  found  adequate  to 
t  ike  the  place  of  this  costly  subbtance,  luilcss, 
indeed.  Mi  iSasmyths  cbscoveiy  can  be  made 
a\adable  That  gentleman  found  that  coke  is  pos 
sessed  of  one  of  the  ino.5t  lemaikable  pi o;  cities  ot 
the  diamond,  in  '^o  fai  as  it  has  the  pio]  city  ot  a  ttuig 
gliss,  not  nieiely  sciutLhiirj  \\,lox  this  piopeity  is 
po'^bessed  by  all  bodies  that  aic  haidei  than  glass 
Ihe  cut  produced  by  coke  lo  a  peifect,  clcai,  diamond 
like  cut  so  clean  and  peifect  as  to  exhibit  the  most 
beautiful  prism  itic  eolouis  owuig  to  the  perfection 
of  the  meision  Coke  has  hitheito  been  considered 
as  a  solt  suhstanee  liom  the  ease  -nith  which  a  mass 
of  it  can  be  ciushed  and  pulverised,  but  it  wdl  be 
found  that  the  mmutc  plate  liie  ciystals  of  winch  a 
mass  of  coke  is  composed,  aie  very  haul     This  dis 
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covery  is  likely  to  prove  of  value  in  many  processes 
in  the  arts.  Messrs.  Chauce  of  BLnmiigliam  are 
reported  to  have  stated  that  in  all  probability  the 
knowledge  of  this  fact  would  lead  to  a  sarag  of 
nearly  400/.  a-year  in  their  establishmeut  alone. 

The  glazier's  diamond  has  been  made  the  subject 
of  investigation  by  Dr.  "Wollaston,  who  draws  a  clear 
distinction  between  scratching  and  cutting.  "In  the 
former  the  surface  is  irregularly  torn  into  a  rough 
furrow ;  in  the  latter  a  smooth  fissure  or  superficial 
crack  is  made,  which  should  be  continued  without  in- 
terrupt ion  from  one  end  to  the  other  of  the  line  in 
wliich  the  glass  is  intended  to  be  cut.  The  skilful 
workman  then  applies  a  small  force  solely  at  one  ex- 
tremity of  this  line,  and  the  crack  which  he  forms  is 
led  by  the  fissui-e  almost  with  certainty  to  the  other." 
Persous  who  set  diamonds  for  the  use  of  the  glazier 
always  select  natural  diamonds  distinctly  crystallized, 
which   they  term   .«;■  '{'••■    '     -  us   why  those 

which  are  cut  by  art  ^  .■  purpose,  is 

thus  explained  by  Dr.  U  ^  >  .—  When  a  dia- 
mond is  formed  and  pmijiitil  bv  liic  laindary,  all  the 
surfaces  are  yj/aw  surfaces,  as  far  as  it  is  in  his  power 
to  make  them  so,  and  consequently  the  edge  or  " 
m  which  they  meet  is  straight.  I5ut  in  the  natural 
diamond  there  is  this  peculiarity  in  those  modifications 
of  its  crystals  that  are  chosen  for  this  purpose,  that  the 
surfaces  are  in  general  aU  cunccl,  and  consequently 
the  meeting  of  any  two  of  them  presents  a  cui-vilincar 
edge.  If  tlic  diamond  be  so  placed,  that  the  line  of 
the  intended  cut  is  a  tangent  to  this  edge  near  to  its 
extremity,  and  it  the  two  siu-faces  of  the  diamond 
laterally  adjacent  be  equally  inoHned  to  the  surface  of" 
the  glass,  then  the  conditions  necessary  for  efi^ecting 
the  cut  are  complied  with.  The  curvature  however 
of  the  edge  is  not  considerable,  and  consequently  the 
limits  of  inclination  are  very  confined;  for  if  the 
handle  be  either  too  much  or  too  little  elevated,  then 
one  or  other  extremity  of  the  cui-ve  will  be  made  to 
bear  angularly  upon  the  glass,  and  wUl  plough  a 
ragged  groove  by  pressure  of  its  point.  But  on  the 
contrary,  when  the  contact  is  duly  formed,  a  simple 
fiss\ire  is  effected  as  if  by  lateral  pressure  of  the  ad- 
jacent surfaces  of  the  diamond  directed  equally  to 
cacli  side.  By  that  means,  adjacent  portions  at  the 
surl'acc  of  the  glass  are  forced  asunder  farther  than 
the  mere  elasticity  of  the  parts  beneath  wUl  allow, 
and  a  partial  separation  or  superficial  crack  is  pro- 
duced. Tlie  efi'ccts  of  inequality  in  the  lateral  in- 
clination of  the  faces  of  the  diamond  to  the  surface 
of  the  glass  are  different,  according  to  the  degree  of 
inequality.  If  the  difference  be  very  small,  the  cut 
may  still  be  clean ;  but  as  the  fissure  is  then  not  at 
right  angles  to  the  surface,  the  subsequent  fracture 
is  found  iuclincd  accordingly.  But  when  an  attempt 
is  made  to  cut  with  an  inclination  that  deviates  stiU 
more  from  the  perpendicular,  the  glass  is  found  su- 
perficially flawed  out  on  that  side  to  which  the 
greater  pressure  was  directed,  and  the  cut  completely 
fails."  The  depth  to  which  the  fissure  made  by  the 
diamond  penetrates  need  not  be  greater  than  ir^th 
of  an  inch.     As  Die  form  of  the  cutting  edge  ap- 


peared to  be  the  chief  circumstance  on  which  thw 
property  of  cutting  depends,  Dr.  'VVollaston  suc- 
ceeded in  giving  this  form  to  other  hard  stones,  such 
as  sapphire,  ruby,  spinell  ruby,  rock  crystal,  &e.,  each 
of  which  had  the  power  of  cutting  glass  for  a  short 
time  with  a  clear  fissure.  Although  the  ruby  is  very 
hard,  yet  the  edge  thus  produced  was  not  dm-able, 
arising  probably  from  "the  grain  or  position  of  its 
laminiB  having  been  unluckily  oblique.  And  it  seems 
highly  probable  that  the  singular  durability  of  the 
edge  of  the  cutting  diamond  is  owing  in  some 
measure  to  this  circumstance,  that  its  harducss  in  the 
direction  of  the  natural  angle  of  its  crystal,  is  greater 
than  in  any  other  direction,  as  we  find  to  be  the  case 
in  other  crystals  of  which  the  vaiious  degrees  of 
hardness  in  different  directions  can  be  more  easily 
examined." ' 

Dr.  WoUaston's  remarks  on  the  superior  hardness 
of  the  external  laminte  or  skin  of  the  diamond  in  its 
natural  crystallized  state  are  borne  out  by  experience. 
Diamond-cutters  are  so  well  aware  of  this  that  they 
never  begm  to  polish  a  diamond,  however  favourable 
the  plane  of  a  crystal  may  be,  without  abrading  that 
plane  against  another  diamond,  in  order  to  remove 
the  external  surface.  It  is  this  extreme  degree  of 
hardness  that  makes  the  natural  diamond  so  peculiarly 
fit  for  cutting  glass,  and  also  for  indenting  extremely 
fine  lines  on  the  surface  of  glass  where  microscopic 
divisions  are  required. 

Mr.  Turrell  remarks  that  in  all  cases  the  diamond 
that  cuts  glass  most  successfully  has  the  cutting 
edges  of  the  crystal  placed  exactly  at  right  angles  to 
each  other,  and  passing  exactly  through  a  point  of 
intersection  made  by  the  crossing  of  the  edges.  In 
this  case  it  appears  to  be  that  portion  of  one  of  the 
edges  which  is  very  near  the  point  of  intersection  that 
cuts,  and  scarcely  any  other.    Figs.  459,  400,  ai-e  an 
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end  and  side  elevation,  and  Fig.  4C1  a  plan,  ol  a 
diamond,  drawn  on  a  large  scale,  a  b  represents  the 
leading  curved  part  of  the  cuttmg  edge,  and  d,  Fig. 
4G0,  and  c  d,  the  line  of  intersection,  crossing  the 
line  A  B  at  right  angles ;  e  being  the  following  part 
of  the  cutting  edge.  The  general  figure  of  the  stone 
is  indicated  in  all  the  figures  by  the  dotted  lines ;  and 
(1)  PhUosophica!  Transactions  for  1816. 


its  jicsition  in  a  hole  formed  in  the  metal  block  r,  in 
which  it  is  first  adjusted  and  afterwards  secured  by 
hard  solder,  is  also  shown. 

Kg.  4()3  is  a  side  view,  Fig.  403  a  front  view,  and 
Fig.  4G4  an  cud  view,  of  a  glazier's  diamond,  momited 
•witli  a  swivel  adjustment  for  the  block  when  connected 
with  the  handle  by  means  of  tl  e  se    w    nte  m^,  mto 
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quen  e  hem  tl  t  the  ^l  s  tni  Uy  s  i  tes  in  the 
direction  of  the  line  in  which  the  diamond  was  carried. 
If  minute  divisions  for  microscopic  purposes  be  at- 
tempted to  be  made  upon  glass  with  the  edge  of  a 
cut  and  polished  diamond,  however  perfect  it  may  be, 
it  instantly  splinters  up  the  surface  of  the  glass,  even 
with  the  slightest  pressure,  provmg  it  to  be  unfit  for 
the  pui-pose,  owing  to  the  roughness  of  the  edge. 
But  with  the  natural  diamond,  the  most  beautiful 
lines  are  produced,  and  their  surfaces  so  finely 
biu-nished,  that,  when  ruled  sufficiently  close  together, 
they  will  decompose  Hght,  and  afford  the  most  beau- 
tiful prismatic  appearances.' 

It  must  not  be  supposed  that,  because  the  ordinary 
glazier  makes  one  diamond  last  him  his  lifetime,  that 
the  diamond  does  not  wear  out.  It  is  usual  to  reset 
the  diamond,  to  expose  another  angle  when  one  is 
worn  down ;  and  in  some  glass-works,  whore  cnonnous 
quantities  of  glass  are  cut  up,  one  or  two  dozen 
diamonds  are  used  every  week. 

The  following  are  specimens  of  diamond  tools.  The 
fragments  of  diamonds  {diamond  bort)  are  fixed  in 
annealed  brass  wii-es,  by  fii-st  drilling  a  shallow  hole 
for  the  insertion  of  the  stone,  which  is  embedded 
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sUghtly  below  its  largest  part,  and  the  metal  is  pinched 
around  it.  Shell-lac  is  also  used  for  cementmg  in 
these  fragments,  and  spelter  or  tm  solders  may  be 
fused  around  them  with  the  blowpipe.  A  turning 
tool  formed  of  a  fragment  or  sphnter  of  a  diamond 
fixed  in  a  brass  wire  is  shown  (man-nified  two  or  three 
t  me  )  m  F      4C5  </  wl    h    s  the  fl  t  v  ew  i  b  m_ 
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h  f  nd  Ml  Edw  d  T  hton  In  h  U  ul  s 
should  the  diamond  drill  be  too  conical,  the  back  part 
is  turned  away  -with  a  diamond  tool,  to  reduce  it  to 
the  shape  of  c.  For  producing  very  small  or  very 
deep  holes,  a  fine  steel  wire  drill,  d,  is  used,  with 
diamond  powder  appUed  to  the  end  of  it.  In  drUliug 
larger  holes  in  China  and  glass,  triangular  fragments 
of  diamond  are  fixed  in  the  cleft  extremity  of  a  steel 
wh-e,  as  e  and/.  The  cliina  and  glass  menders  also 
select  a  tolerably  square  stone,  and  mount  it  as  shown 
at  ff,  in  the  end  of  a  taper  tin  tube,  which  wears 
away  agamst  the  side  of  the  hole,  so  as  to  become 
very  thui,  and  by  the  pressure  to  hold  the  stone  by 
the  portions  intermediate  between  its  angles.  A 
similar  diamond  drill,  mounted  in  brass,  has  been 
used  with  the  ordinary  drUl-bow  and  breastplate  for 
drilluig  out  the  hardened  steel  nipple  of  a  gim,  which 
had  been  broken  short  off  in  the  barrel. 

For  drilling  large  holes,  metal  tubes,  such  as  h,  are 
used :  they  are  fed  with  diamond  powder,  and  grmd 
out  an  aimular  recess,  and  remove  a  solid  core. 

Some  of  the  lower  figures,  /,  m,  o,  &c.,  show  tie 
conical  diamond  used  by  engravers  for  ruling  medals 
and  other  works,  and  also  for  etching  either  by  hand 
)r  with  the  assistance  of  machines  used  for  ruling 
itching  grounds.     Conical  diamonds  are  turned  in  a 
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lathe  by  a  fragment  of  another  diamond,  the  outside 
skin  or  an  angle  being  used ;  but  the  tool  undergoes 
almost  as  much  abrasion  as  the  conical  point. 

For  cutting  fine  lines  and  divisions  on  mathematical 
instiuments,  a  spluiter  is  used,  similar  to  the  glazier's 
diamond ;  but  a  fine  acute  edge  is  selected  instead  of 
the  natural  angle,  which  would  be  too  obtuse,  i  and 
/  show  the  side  and  end  views  of  such  a  tool. 

We  shall  have  occasion  in  other  articles  to  refer  to 
the  use  of  the  diamond.  See  Horology,  Jewelling 
OP  Watches,  LAnDABy-TconK,  Seal-engkaving,  &o. 

Chaucoal  is  another  well-known  form  of  carbon. 
It  is  obtained  in  abundance  by  the  destructive  dis- 
tillation of  various  organic  products,  and  its  ap- 
pearance and  properties  vary  with  its  som-ce.  If  a 
chip  of  wood  be  ignited,  the  volatile  matters  burn 
away  with  flame,  and  the  carbon  that  remains  retains 
for  some  time  a  red  glow ;  but  if,  as  soon  as  the  flame 
be  extinguished,  the  chip  be  inserted  in  a  narrow 
glass  tube  so  as  to  cut  off  the  supply  of  oxygen,  the 
carbon  or  charcoal  will  cool  without  burning  away. 
Charcoal  may  be  prepared  by  heating  to  redness 
pieces  of  wood  in  a  close  vessel,  or  in  a  crucible 
fiUcd  up  with  sand,  so  as  to  protect  the  wood  from 
the    destructive   action   of  the   oxygen   of  the   air. 


of  certain  hydrocarbons  and  of  oils,  alcohol  and  ether 
through  porcelain  tubes  raised  to  a  white  heat,  carbon 
is  deposited  in  a  very  pure  form. 

Charcoal  is  a  black,  brittle,  insoluble,  inodorous, 
tasteless  substance.  It  is  a  good  conductor  of  elec- 
tj'icity,  but  a  bad  conductor  of  heat.  It  burns  with 
great  case  in  oxygen  gas,  but  does  not  change  by  the 
action  of  air  and  moisture  at  coimnon  temperatures. 
Wlien  pure,  it  is  infusible  at  all  known  temperatures. 
One  of  its  most  valuable  properties  is  that  of  de- 
stroying the  smeU  and  taste  of  a  variety  of  vegetable 
and  animal  substances,  and  of  abstracting  certain 
substances  dissolved  in  fluids.  Piles  are  charred  at 
the  end  before  driving,  and  the  coat  of  charcoal 
protects  them  from  decay ;  water-casks  are  charred 
on  the  inside  to  preserve  tJie  water  sweet,  and  char- 
coal thrown  into  putrid  water  wiU  take  away  its 
offensive  character.  Water  contaminated  with  snl- 
plmrcttcd  hydi-ogen  is  entirely  deprived  of  that 
olTensive  gas  if  shaken  up  with  well-burned  charcoal. 
Charcoal  deprives  many  solutions  of  colour,  and 
hence  is  most  extensively  employed  in  the  refming  of 
sugar.  [See  Sncui.]  For  this  purpose  the  charcoal 
must  be  in  a  state  of  great  porosity,  minute  division, 
and  with  a  dull  earthy  aspect.  Hard,  brilliant  char- 
coal, even  though  finely  powdered,  will  not  answer 
the  purpose.  Animal  charcoal  is  superior  to  vegetable 
in  discolouring  power.  Mr.  Warington  in  attempting 
to  decolorize  ale,  so  as  to  give  it  the  pale  tint  so  much 
valued  in  the  India  market,  found  that  the  whole  of 
the  bitterness  was  abstracted  by  filtering  it  tlu-ough 
animal  charcoal.     It  was  afterwards  found  that  the 


salts  of  the  vegetable  alkaloids,  such  as  sidphate  ot 
quinia,  &c.,  are  abstracted  from  their  solutions  by 
animal  charcoal.     Several  inorganic  salts  are  similarly 

Newly-made  charcoal  possesses  the  remarkable 
property  of  absorbing  certain  quantities  of  the  dif- 
ferent gases.  In  Saussure's  experiments,  the  char- 
coal, having  been  heated  to  redness,  was  plunged 
under  mercury,  and  retained  there  till  cold  :  it  was 
then  introduced  into  the  gas,  and  kept  there  for 
twenty-four  hours,  when  the  absorjjtion  was  at  its 
maximum.  Taking  the  volume  of  charcoal  as  unity, 
the  following  are  the  volumes  of  gas  absorbed : — 
Annnoniacal  gas  ....  90 
Muriatic  acid  gas      ....     85 

Sulphurous  acid 65 

Sulphuretted  hydrogen  .     .     .     55 


Nitro 


Carbonic  acid 
Bicarburctted  hycbot 
Carbonic  oxide      .   " 
Oxygen        .     .     . 
Nitrogen      .     .     . 


Car))urettcd  hydrogen 
Hyth-ogen    .  '.     ."   . 


1.75 


Aqueous  vapour  is  greedily  absorbed  liy  newly 
made  charcoal ;  and  the  absorption  both  of  this  and  of 
the  gases  depends  in  some  way  upon  the  mechanical 
texture  of  the  charcoal,  and  varies  in  different  woods. 
Thus,  it  has  been  foimd  tliat,  by  a  week's  exposure, 
charcoal  made  from — 

Lignum-vitfe  gained    .      9.0  per  cent. 


Box     ...     . 

•     ■     1*1 

Beech      .     .    . 

.     .     1(5.3 

Oak     .... 

.     .     16.5 

Mahogany    .     . 

.     .     18 

Wood-charcoal  contains  about  -^  th  its  weight  of 
alkaline  and  earthy  salts,  which  remain  in  the  form  of 
an  ash  after  its  combustion,  but  the  quantity  and 
quality  of  this  ash  vary  in  different  trees  and  plants. 

Charcoal  dust  has  been  used  as  a  polisliing-powdcr, 
and  it  gives  a  fine  polish  when  rubbed  on  metals. 
This  property  does  not  belong  to  every  kind  of  char- 
coal ;  but  some  years  ago,  Mr.  J.  Thomson  of  Glasgow, 
having  been  informed  that  the  Dutch  rush  used  in 
polishing  wood  owes  its  power  to  silex,  supposed  that 
wood  growing  on  sandy  soils  might  have  the  required 
property,  and  such  was  found  to  be  the  case.  It  often 
happens  that  turners  meet  with  wood  which  rapidly 
destroys  the  edge  of  tieir  tools.  On  converting  some 
of  this  wood  into  charcoal,  it  was  found  to  be  well 
suited  to  copper-plate  workers,  &c.,  as  a  polishing 
charcoal-powder. 

Charcoal  is  prepared  in  large  quantities  on  the 
Continent,  and  in  countries  where  wood  is  abundant 
and  fossU  coal  scarce.  It  has  been  found  in  the 
manufacture  of  charcoal  that  a  much  greater  quantity 
is  produced  when  time  is  allowed  for  the  oxygen  ana 
hydrogen  of  the  wood  to  combine  and  form  water. 


The  following  table  contains  the  resiJts  of  Karsten's 
experiments,  by  which  it  appears  that  the  slow  process 
of  charring  is  decidedly  preferable  to  the  quick.  The 
specimens  of  wood  employed  were  first  dried  in  the 
air,  and  one  liundred  parts  by  weight  of  each  being 
taken,  the  following  figures  show  the  respective 
weights  per  cent,  of  charcoal  left,  in  the  one  case  by 
the  qmck,  and  in  the  other  by  the  slow,  process. 

Quick  Process.  Slow  Process. 

Yonng  oak  wood      .     .     .  16..5i  25.60 

Old       15.91  25.71 

Yuung  red  beech  wood      .  14.S7  25.87 

Old        14.15  20.15 

Young  white  beech  wood  .  13.12  25.22 

Old       13.05  2G.45 

Young  alder  wood  .     .     .1-1.45  25.05 

Old       15.30  25.05 

Young  birch  wood   .     .     .  13.05  25.05 

Old  birch  wood   ....  12.20  2-170 
100  years  old  birch,  well 

prcsorycd 12.15  25.10 

Young  deal  (P. ^j/c^a)  ditto  1-1.25  25.25 

Old 14.05  25.00 

Young  fir  (P.  abies)  ditto  10.22  27.72 

Old 15.35  24.75 

Young  pine  wood  (P.  si/l.)  15.52  20.07 

Old 13.75  25,95 

Lime-tree  wood  ....  13.30  24.00 

Several  methods  are  adopted  on  the  Continent  for 
the  preparation  of  charcoal.  One  is  in  mounds,  with 
a  movable  covering,  whereby  the  burner  is  able  to 
regulate  the  supply  of  all'.  A  dry  spot  is  cleared 
during  the  summer  months,  sheltered  from  the  wind 
by  a  declivity  or  a  wood,  and  not  far  from  the  pli 
where  the  wood  is  felled.  The  ground  is  usually 
covered  first  with  a  litter  of  shingles,  planks, 
billets,  and  then  with  several  inches  of  charcoal 
powder.  The  construction  of  the  mound  is  begun  at 
the  centre,  by  erecting  a  stake  as  an  axis,  from  which 


the  mound  is  afterwards  fii'ed.  The  stake  is  a  strong 
post,  aroimd  wliich  the  logs  are  an-anged  conceutii- 
cally ;  a  free  channel  being  left  at  the  bottom,  from 
the  stake  to  the  edge  of  the  mound,  in  order  that 
burning  coals  may  be  introduced ;  or  three  perpen- 
dicular logs  are  comiectcd  together  with  twigs,  so  as 
to  le.ive  a  kind  of  open  chimney.  In  either  case,  the 
ignition  is  always  commenced  from  the  lower  part  of 
the  stakes.  Partially  charred  wood  from  a  former 
process  is  placed  round  the  stake,  and  round  this  the 
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logs,  which  must  be  nearly  of  the  same  length,  and 
arranged  one  above  another  in  the  form  of  a  ring, 
leaving  as  little  space  between  them  as  possible.  All 
the  hewn  logs  have  their  sharp  edges  towards  the 
stake,  and  the  bark  side  outermost ;  all  spaces  occa- 
lioned  by  crooked  wood  are  carefully  filled  up  with 
small  wood.  The  more  slanting  the  logs  are  placed, 
e  more  loosely  will  they  lie  together,  and  vice  versa  ; 
I  which  account  the  external  surface  of  the  mound 
made  as  steep  as  is  consistent  with  the  durability 
of  the  outer  covering.  When  the  logs  are  laid  hori- 
itally,  and  made  to  radiate  round  the  stake  in  one 
more  concentric  rings,  many  spaces  must  be  left, 
which  require  to  be  filled  up,  or  the  combustion  and 
loss  would  be  too  great.  The  best  mode  of  arrange- 
ment is  to  form  round  the  stake  a  steep  narrow  mound, 
as  a  nucleus,  and  then  to  range  the  logs  round  this, 
in  the  form  of  a  ring,  pressing  tightly  the  nucleus,  so 
that  its  incUnation  determines  that  of  the  whole  heap. 
As  the  logs  are  required  by  the  forest  laws  to  be  cut 
of  the  same  length,  the  upper  horizontal  logs  approach 
nearer  to  each  other,  in  proportion  to  the  lessening 
diameter  of  the  nucleus:  thus  the  external  surface 
forms  a  series  of  steps,  which  are  useful  in  supporting 
the  covering.  The  upper  part  of  the  heap  is  covered 
with  fragments  of  wood  until  it  assumes  a  rounded 
appearance.  A  mound  may  vary  from  10  feet  in 
diameter,  and  even  less,  up  to  00  feet. 

Wlien  the  heap  has  been  levelled,  that  is,  all  the 
interstices  fiUed  up  with  small  wood,  a  covering  is 
prepared  with  moist  charcoal  powder,  which  packs 
more  easily  and  closely  together  than  sand  and  earth. 
The  first  covering  is  a  layer  of  turf,  with  the  earthy 
side  outermost ;  or  leaves  or  moss  may  be  used.  The 
turf  does  not  extend  quite  to  the  bottom  on  the  edge 
or  foot  of  the  mound,  but  is  supported  a  few  inches 
above  the  foot  by  twigs,  which  are  held  by  forks  in 
the  form  of  a  ring  against  the  heap,  and  are  called 
its  armour.  The  open  jjart  at  the  foot  is  left  for  the 
escape  of  vapour  of  water,  wiiioh  is  formed  at  the 
beginning  of  the  process.  An  opening  in  the  upper 
part  or  cap  of  the  mouud,  in  the  direction  of  the 
draught,  would  promote  combustion  too  much.  The 
second  covering  of  charcoal  powder  or  sand  is  put 
()\  er  the  first,  and  well  pressed  down.  The  mound  is 
tlicu  fired,  by  inserting  red-hot  coals  in  the  chaimel 
•it  the  foot  of  the  mound,  or  at  the  top,  so  that  the 
ch.iircd  wood  about  the  stake  may  be  ignited  as 
quickly  as  possible.  The  opening  is  then  closed  up, 
and  the  first  period  begins,  namely,  that  in  wliieh 
moisture  is  expelled  from  the  wood :  this  is  called  the 
sweating  process.  Great  care  is  required  to  prevent 
the  too  rapid  evolution  of  vapour,  which  would 
destroy  the  heap.  During  the  sweating  process,  the 
smoke  passes  up  in  a  yellowish  grey  cloud,  and  a 
portion  of  the  vapour  condenses  m  the  covering, 
causmg  it  to  sweat,  or  to  become  quite  moist.  When 
the  smoke  becomes  grey  and  lighter,  the  open  part 
of  the  armour  is  covered,  and  the  second  process 
commences.  But  by  this  time  the  wood  of  the  stake 
has  been  consumed,  cavities  have  been  formed,  and 
the  covering,  by  sinking  in,  has  opened  apertures 
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for  the  air.  The  coTering  is  quickly  removed,  and 
the  lyood  near  l.he  stake  broken  up  aud  forced  to- 
gether by  a  long  pole :  the  empty  spaee  is  filled  up 
with  fresh  logs,  and  the  covering  quickly  replaced  and 
stamped  down.  The  combustion  of  a  small  portion 
promotes  the  dry  distillation  of  the  remainder,  and 
the  charring,  properly  so  called,  begins.  The  mound 
is  now  left  for  several  days,  openings  being  made  at 
the  foot  to  allow  the  vapoui  of  tar  to  escape,  and  to 
supply  the  necessary  amount  of  air.  The  circumfer- 
ence of  the  heap  now  diminishes,  and  the  mound  mubl 
be  watched,  to  see  whether  the  diminution  be  uniform 
If  not,  the  charring  has  been  greater  iu  one  place 
than  in  another,  and  a  change  of  direction  must  be 
given  to  the  process,  by  iucreasing  the  thickness  of 
covering  m  those  parts,  or  by  making  holes  exactly 
opposite  to  them,  which  conduct  the  draught  from 
them  to  other  parts.  Before  the  process  is  completed, 
the  combustion  must  be  carried  to  the  outside  logs, 
by  increasing  the  access  of  air,  for  which  purpose  a 
second  series  of  holes  is  made  in  the  middle  part  or 
ireasl  of  the  moimd,  parallel  with  those  in  the  foot, 
but  fewer  in  number.  In  a  short  time,  the  thick 
black  smoke  from  these  middle  holes  changes  into  a 
thin  blue  cloud :  the  holes  are  then  closed,  aud  fresh 
ones  made  about  two  feet  lower  down,  when  the  same 
phenomena  occur.  In  very  large  heaps  a  tliii-d  series 
of  holes  is  made  close  to  the  lowest  openings.  If 
fire  issues  at  the  same  time  all  round,  the  process  is 
known  to  be  successful.  Flames  are  immediately  ex- 
tinguished by  moist  charcoal  powder,  and  in  those 
})lace3  where  they  do  not  appear,  fresh  holes  are  made, 
until  at  length  the  whole  heap  is  covered  up  and  the 
process  at  an  end. 

As  it  would  requii'C  a  very  long  time  for  the  heap 
to  cool,  and  to  break  it  up  at  once  would  cause  the 
charcoal  to  ignite,  a  portion  of  the  heap  is  laid  bare 
at  the  foot,  and  the  logs  are  di-awu  out  separately  by 
means  of  a  hook,  and  immediately  quenched  by  being 
imbedded  in  sand  or  charcoal  powder,  or  by  means  of 
water.  The  hole  at  the  foot  of  the  mound  is  closed 
up  before  the  air  has  had  time  to  produce  much 
eifect.  This  operation  is  usually  performed  at  night, 
the  darkness  enabling  the  workmen  to  quench  the 
charcoal  more  effectually  than  by  day.  The  time 
required  for  charring  varies  from  6  to  14  days,  ac- 
cording to  the  size  of  the  mound :  but  with  mounds 
of  30  feet  or  upwards  in  diameter,  as  much  as  4  weeks 
are  required.  These  mounds  are  very  picturesque 
objects  when  seen  from  a  distance,  and  especially 
from  a  height,  as  the  Editor  saw  them  a  few  years 
ago,  in  the  forests  of  Bohemia  on  the  borders  of  the 
Saxon  Switzerland. 

Another  method  of  preparing  charcoal  is  shown  in 
Fig.  467.  The  wood  is  arranged  in  the  fonn  of  a 
narrow  lengthened  wedge  20  or  30  feet  long,  the 
breadth  being  occupied  by  the  blocks.  The  thick  or 
hinder  end  is  from  7  to  9  feet  high,  and  the  front 
or  thin  end  only  2  feet.  The  heap  is  arranged  on 
a  gentle  slope  in  which  the  foot  slopes  towards  the 
back.  The  heap  is  begun  by  driving  posts  all  round 
the  quadrangular  space,  and  within  this  a  floor  is 


formed  of  long  poles  placed  lengthwise.  The  logs 
S  feet  in  length  are  arranged  crosswise  on  this  floor, 
a  space  C  inches  wide  for  the  covering  bemg  left 
between  the  posts  and  the  sides  of  the  logs.  This 
space  is  filled  up  -mth  planks  and  wet  charcoal 
powder  stamped  m  until  the  whole  side  is  covered. 


A  loof  is  then  supplied  by  a  triple  covering  of  twigs, 
loaves,  and  lastly,  charcoal  powder.  On  the  two 
long  sides  a  number  of  holes  are  made  in  the  planks, 
but  not  in  the  covering,  and  a  larger  hole  in  front  for 
introducing  the  small  wood  used  in  igniting.  When 
all  is  ready,  red-hot  coals  are  inserted  between  the 
poles  and  the  pile.  When  the  fii-e  has  caught,  which 
is  seen  by  the  smoke,  the  hole  is  stopped  up,  and 
other  holes,  3  or  4  inches  in  diameter,  are  made  in 
front  about  15  inches  from  the  ground.  The  portion 
of  the  pile  between  these  now  begins  to  draw  whilst 
the  upper  and  thicker  part  is  sweating.  When  blue 
smoke  escapes,  the  process  is  drawing  to  a  close :  the 
openings  are  then  stopped  and  fresh  ones  made  higher 
up,  and  so  on  throughout  the  pile.  When  the  pro- 
cess has  advanced  to  about  the  length  of  the  logs, 
the  fii'st  portions  of  charcoal  are  drawn  out.  It  is 
sometimes  the  practice  to  split  the  logs  and  place 
them  parallel  with  the  sides  of  the  pile,  by  which 
arrangement  the  carbonization  is  more  readily  diffused, 
and  fewer  openings  are  required. 

"  The  process  of  charring  wood,"  says  Dr.  Knapp, 
"which  has  been  known  for  2,000  years,  belongs  to 
that  mmierous  class  of  inventions,  in  which  the  correct 
practical  discernment  of  fonner  tunes  has  left  little 
to  modem  theory  to  supply,  beyond  the  rational 
explanation.  Simple  and  ingenious  as  the  process 
is,  it  has  not  been  modified  by  any  essential  improve- 
ment. It  is  impossible  to  imagine  a  spot  where 
wood  is  feUed,  or  to  which  it  is  brought  by  flooding 
or  by  wooden  sledges,  which  does  not  offer  the  snnple 
requisites  for  the  ereetiou  of  a  mound;  and  this 
circumstance  is  of  importance,  as  the  cost  of  carriage 
upon  wood  so  far  exceeds  that  upon  charcoal.  More- 
over, wood  diminishes  in  bulk  during  charring  as 
much  as  from  20  to  25  per  cent.,  so  that  a  heap 
comprising  3,000  cubic  feet,  on  being  charred  becomes 
2,250  cubic  feet,  and  a  space  or  hoUow  of  750  cubic 
feet  would  be  left,  into  wldch  the  air  having  access 
would  destroy  and  waste  a  portion  of  the  wood. 
But  this  cavity  is  not  actually  produced,  because  the 
flexible  covermg  yields  with  the  wood  and  prevents 
any  injury  from  such  a  cause.  No  arrangement 
could  so  surely  and  easily  regulate  the  access  of  air, 
upon  which  the  main  point  in  the  operation  depends, 
as  the  movable  covering.  Each  thrust  of  the  pole 
is  like  opening  a  stop-cock ;  each  shovel-fuU  of  earth 


like  closing  another.  Lastly,  the  fire  can  be  brought 
to  act  upon  all  parts  of  the  mass  of  wood  however 
extensive  it  may  be,  from  the  peculiar  nature  of  the 
process.  The  object  of  the  charcoal-burner  is  to 
char  by  diy  distillation  the  great  portion  of  the 
wood  at  the  expense  of  the  smaller  portion,  which  in 
being  consumed  affords  the  requisite  heat.  A  certain 
portion  of  the  contents  of  the  heap  must  be  con- 
sidered as  necessary  fuel  Whilst  the  admitted  air 
pivrtiaUy  consumes  one  log,  the  adjoining  one  is 
exposed  to  the  heat  which  it  cvoh  cs,  undergoes  dry 
distillation,  and  is  il-r'f  nfiin,,!  i ,  fm- ;i  ^'i^j  iimc 
exposed  to  the  arii-i.  '  .    il     The 
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the  time  when  the  :  i,  ,.1;..;:^  ir  i,.  ;  :.;,  !  Lmng 
access  to  the  wood,  and  the  ueiglibouriug  parts  are 
undergoing  decomposition.  This  part  of  the  opera- 
tion is  greatly  facilitated  by  forcing  the  vapours, 
contrary  to  their  usual  course,  to  take  a  downward 
direction,  and  this  retaa-ds  the  process,  while  it 
enables  the  workman  clearly  to  discern  what  changes 
arc  taking  place,  and  affords  him  leisure  to  take 
the  necessary  precautions.  The  fii'e,  beginning  at  the 
middle  of  the  heap,  gradually  proceeds  to  the  eireum- 
fercnee,  and  thus  the  nucleus  of  the  heap,  which  is 
the  first  to  bo  completely  charred,  is  protected  by  an 
encloswe  of  burning  wood  impermeable  to  air,  from 
the  destructive  influence  of  oxygen.  One  drawback 
to  these  positive  advantages  is  the  loss  of  all  available 
secondary  products,  namely,  tar  and  pyroligueous 
acid.  The  sale  of  these  very  much  depends  on  the 
natui'c  of  the  country,  and  is  often  exceedingly  small, 
and  yet  various  methods  have  been  tried,  though  not 
always  mth  success,  for  eoUcctmg  them.  To  collect 
these  products  from  the  mound  generally  does  more 
damage  than  they  are  worth.  Some  have  proposed 
to  form  the  covering  of  slaked  Kme,  in  order  to 
preserve  the  acetic  acid  as  acetate  of  lime :  others, 
that  it  should  consist  of  portable  hurdles  covered 
with  clay,  wliich  being  supplied  with  tubes  might 
carry  ofl'  the  vapours  to  condensing  vessels.  This, 
however,  would  be  depriving  the  cover  of  its  most 
useful  qualify,  namely,  flexibility.  Tlie  long  masses 
or  piles,  Fig.  4G7,  are  better  suited  for  condensing 
arrangements,  and  the  best  proposition  is,  to  place 
a  tube  ia  the  coating  at  the  thicker  end,  which  shall 
conduct  the  vapours  to  a  vessel  of  water.  When  it 
is  not  necessary  to  change  the  spot  for  the  heap,  then 
the  base  may  be  built  in  the  form  of  a  flat  funnel, 
the  lowest  part  of  which,  the  middle,  is  eoimeeted 
with  a  channel  leading  to  a  pit  at  the  side,  in  which 
tar  and  pyi-oligneous  acid  may  be  collected." 

Charcoal  fm-naces  have  been  invented  in  order  to 
collect  these  secondary  products.  In  the  firmace 
shown  in  section  Fig.  468,  the  air  has  access  through 
the  bars  d,  the  draught  being  regulated  by  a  tightly 
fitting  ash-pit  door.  The  wood  is  put  in  through  the 
opening  at  a  and  afterwards  tlu-ough  i.  When  the 
process  is  complete,  the  charcoal  is  taken  out  through 
a.  During  the  process  these  openings  are  bricked 
up,  but  the  air  is  allowed  to  enter  through  the  bars 
untU  the  w;Jls  of  the  furnace  have  attained  a  heat 
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sufficient  to  complete  the  carbonization,  the  doors  are 
then  completely  closed,  and  earth  is  thrown  agaiuflt 
them,  when  tliiok  smoky  vapours  of  tar  appear. 

In  Russia,  Sweden,  and  China,  carbonization  is 
carried  on  in  pits,  the  sides  of  which  are  made  to 
foi-m  the  furnace.  The  pit  is  usually  situated  on  the 
side  of  a  hiU,  and  is  in  the  shape  of  an  iuvert;ed  cone. 
At  the  side  is  a  tar-vessel,  which  is  connected  with 
the  sole  of  the  furnace  by  an  iiicHned  tube.  The  pit 
is  filled  with  finely  cleft  wood,  and  the  top  is  then 


closed  with  a  covering  of  earth,  and  holes  are  made 
in  this  for  the  draught.  Li  some  cases,  air  channels 
are  made  down  the  sides  of  the  furnace  and  enter 
above  the  sole.  Some  further  details  on  this  subject 
win  be  given  under  the  article  Tau.' 

The  charcoal  which  is  left  after  the  distillation  of 
bone  is  known  as  bo7ie-bliick  and  ivory-hlack.  [See 
Bone.]  LAJir-BlACK,  another  form  of  oliarooal,  is 
prepared  in  large  quantities,  by  the  manufacturers  of 
turpentine,  from  the  impure  resin  and  other  refuse 
matters  that  remain  after  the  distillation  of  the  tur- 
pentine. These  are  burnt  in  ii'on  pots,  or  La  a  furnace, 
and  the  dense  smoke  arising  from  the  combustion  is 
introduced  into  cylindrical  chambers,  hung  with  sheep- 
skin or  with  sackinfr,  upon  the  surface  of  which  the  soot 
or  lamp-black  is  deposited.  It  is  swept  off  from  time 
to  time,  and  sold  without  any  further  preparation.  A 
cone  of  sheet-iron.  Fig.  469,  hangs  within  the  cyUnder : 
this  is  pierced  at  the  top  with  a  small  hole  to  allow  the 
smoke  to  escape,  after  it  has  deposited  the  greater  part 
of  its  carbon,  and  when  the  operation  is  terminated,  this 
cone  is  used  as  a  scraper,  for,  by  raising  or  lowering  it, 
by  means  of  the  rope  and  pul';  v=.  it  ^ri-n]i.-~  .ngainst 
the  skin  or  canvass  sides  of  il  '  M<l,iehcs 

the  lamp-black.     Thelam]i-I  '     ."•:■•    \.'  !  is  not 

pure  charcoal,  as  it  is  miiiLlr.l  viih  i.  i"iius  and 
bituminous  substances,  with  salts  of  niiinionia  and 
other  matters ;  but  by  heatmg  it  to  redness  in  a  close 
vessel,  all  these  impurities  are  diiveii  off,  and  there 
remains  a  charcoal  almost  pure,  for  it  burns  away 
with  scarcely  any  perceptible  residue. 

The  formation  of  lamp-black  is  easily  explained. 


and  Manufaci 


i  of  hydrogen  and  carbon  is 
brought  in  contact,  at  a  high  temperature,  with  a 
quantity  of  oxygen  sutiicient  to  combine  with  its 


hydrogen,  but  not  sulhcient  to  form  any  compound 
with  the  carbon,  it  is  evident  that  water  will  be  formed, 
and  carbon  deposited.  The  resinous,  oleaginous  and 
other  substances  used  in  this  manufacture  are  heated 
to  a  point  sufficient  to  raise  them  into  vapour,  and 
then  this  vapour  undergoes  an  imperfect  combustion. 
The  chief  use  of  lamp-black  is  in  the  manufacture  of 
printer's  iiik,  and  for  this  purpose  it  has  lately  been 
prepared  by  the  combustion  of  coal-tar. 

Dumas  gives  a  description  of  the  manufacture  of 
a  coarse  kind  of  lamp-black  from  some  descriptions 
of  coal :  it  is  used  in  paying  ships,  and  for  other 
pui-j)oses  where  a  good  colour  is  no  object. 

There  are  other  kinds  of  black  used  in  the  arts, 
such  as  Spanish  black,  wliich  is  the  carbon  of  cork, 
and  vine-black,  the  carbon  resulting  from  the  combus- 
tion of  vine  tendi-ils :  these  two  have  a  bro\vnish 
tint ;  peach-black,  from  peach  kernels :  this  has  a 
bluisli  tint ;  German  or  Fmiikfort  black,  \ised  in  making 
the  ink  for  copper-plate  printers,  is  said  to  be  pro- 
duced by  carbonizing  a  mixture  of  grape  and  wine- 
lees,  peach  kernels,  and  bone  shavings. 

CoAi-G.\s  CHARCOAi,.  Li  the  manufacture  of  gas, 
the  first  products  of  distillation  are  sometimes  de- 
composed, and  a  pure  variety  of  carbon  is  deposited 
in  layers  in  the  gas  retorts.  It  is  of  a  somewhat 
greyish  colour,  it  breaks  with  an  earthy  Iracture,  and 
its  sp.  gr.  is  about  l.S.  Steel  has  been  made  by  passing 
coal-gas  over  ignited  iron,  contained  in  an  air-tight 

PLUitBAGO,  Gkaphite,  and  Black-iead  may  also 
be  considered  as  varieties  of  carbon.     [Sec  Black- 


AXIHEACITE,   MrSERAL   C1IAE.COAI,,   G  LANCE-COAL, 

such  as  the  culm  of  Wales  and  the  Kilkeimy  coal  of 
Ireland,  are  forms  of  carbon  more  or  less  pure  :  they 
do  not  readily  bum,  but  when  ignited,  emit  no  flame 
or  smoke,  and  leave  but  little  ash. 

Coke  is  the  residual  carbon  of  pit-coal,  after  the 
volatile  matters  have  been  expelled  by  heat.  It  has 
a  porou5  texture,  and  a  lustre  sometimes  approaching 
the  metaUic.  It  is  a  valuable  fuel,  producing  an  in- 
tense and  steady  heat,  leaving  very  little  residue  after 
combustion.  As  the  railway  companies  are  not  al- 
lowed to  produce  smoke  in  their  locomotive  engines, 
coke  IS  the  fuel  employed  therein.  The  small  refuse 
coil  wluch  was  formerly  burnt  to  waste  at  the  pif  s 
mouth,  IS  now  profitably  employed  in  the  manufactui-e 
of  coke ,  and  so  great  is  the  demand  for  this  article, 
that  machines  are  erected  for  crushing  the  large  coal 
mto  small,  for  the  purpose  of  being  made  into  coke. 
Small  coal  is  coked  upon  vaulted  hearths  with  very 
flat  roofs.  At  the  Camden  Town  station  of  the  North 
Western  Railway,  a  range  of  eighteen  coke-ovens  has 
been  erected,  in  two  lines,  on  a  bed  of  concrete,  the 
whole  of  which  discharge  their  products  of  combustion 
mto  a  horizontal  flue,  which  terminates  in  a  chimnev- 
stilk,  115  feet  high.  Fig.  470  is  a  gi-ound-plan  of  the 
ovens,  each  of  which  is  12  feet  by  11  intemallv,  and 
havmg  3  feet  thickness  of  walls ;  c  a  is  the  mouth, 
3  J  teet  wide  on  the  outside,  and  about  2f  feet  within ; 


e  e  are  the  entrances  to  the  flue :  they  may  be  slmt 
more  or  less  by  horizontal  slabs  of  fire-brick,  resting 
on  iron  frames,  pushed  in  from  behind,  to  modify  the 
draught  of  air.  The  grooves  of  these  damper-slabs 
athnit  a  small  stream  of  air,  to  complete  the  combus- 
tion of  the  volatilized  particles  of  soot,  by  which 
means  the  smoke  is  thoroughly  consumed.  The  flue 
//  is  2^  feet  high,  by  21  inches  wide.  The  chimney 
c,  at  the  level  of  the  flue,  is  11  feet  internal  diameter. 
k  k  are  the  keys  of  the  iron  hoops  which  bind  the 
brickwork  of  the  oven.  According  to  Dr.  Ure,  "each 
alternate  oven  is  charged,  between  S  and  10  a.m. 
with  Si  tons  of  good  coals.  A  vrisp  of  straw  is 
thrown  in  on  the  top  of  the  heap,  which  takes  fire 
bv  the  radiation  from  the  dome,  (which  is  in  a  state  of 
dull  ignition,  from  the  preceding  operation,)  and 
inflames  the  smoke  then  rising  from  the  surface  by 
the  re-action  of  the  hot  sides  and  bottom  upon  the 
body  of  the  fuel.    In  this  way,  the  smoke  is  consumed 
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at  the  very  commeuceinent  of  the  process,  whca  it 
would  otherwise  be  most  abundant.  ...  As  the 
coking  of  the  coal  advances  most  slowly  and  regidarly 
from  the  top  of  the  heap  to  the  bottom,  only  one 
layer  is  affected  at  a  time,  and  in  succession  dovni- 
wards,  while  the  surface  is  always  covered  with  a 
stratum  of  red-hot  cinders,  ready  to  consume  every 
puiticlo  of  caiburetted  or  sulphuretted  liydi-ogen 
gases  -n  hich  may  escape  from  below.  .  .  .  The  coke 
bemg  peifcotly  fiecd  from  all  fuliginous  and  voktUe 
matters,  by  a  ealciuatiou  of  upwards  of  40  hours,  is 
cooled  down  to  moderate  ignition  by  sUdiug  in  the 
dampers  and  sKding  up  the  doors,  which  had  been 
partially  closed  during  the  latter  part  of  the  process. 
It  is  now  observed  to  form  prismatic  concretions, 
somewhat  Re  a  columnar  mass  of  basalt.  These  arc 
loosened  by  iron  bars,  lifted  out  upon  shovels  fui-- 
nished  with  long  iron  shanks,  which  are  poised  upon 
swing  chains  with  hooked  ends,  and  the  lumps  are 
thrown  upon  the  pavement,  to  be  extinguished  by 
sprinkling  water  upon  them  from  the  rose  of  a 
watering-can;  or  they  might  be  transferred  into  a 
large  chest  of  sheet-iron,  set  on  wheels,  and  then 
covered  up.  Good  coals  thus  treated  yield  80  per 
cent,  of  an  excellent,  compact,  glistening  coke,  weigh- 
ing about  14  cwt.  per  chaldron.  The  loss  of  weight 
in  coking,  in  tlie  oidiiiury  ovens,  is  usually  reckoned 
at  25  per  cent. ;  and  coal,  which  thus  loses  one-fourth 
in  weight,  gains  one-fourth  in  bulk."  [See  Appendix.] 


with  air  or  in  oxygen  gas :  it  is  also  produced  by  re- 
spiration and  fermentation.  It  may  be  picpared  con- 
veniently by  the  action  of  muriatic  acid  on  fiagnieuts 
of  marble:  carbonic  acid  escapes  with  effervescence, 
id  chloride  of  calcium  is  left  in  solution. 
The  gas  is  colourless,  of  a  pungent  odour,  and 
:idulous  taste.  Its  sp.  gr.  is  1.5^0,  and  100 
cubic  inches  at  C0°,  and  at  a  pressure  of  30 
mehes  as  indicated  by  the  barometer,  weigh  47.303 
IS.  This  gas  extinguishes  all  bui'iiing  bodies 
when  largely  diluted  with  air,  for  a  candle  wdl 
not  burn  in  a  mixture  of  4  volumes  atmospheric  air 
and  1  volmne  of  carbonic  acid.  Nor  wUl  this  gas 
support  ammal  respiration,  for  a  small  portion  of  it 
in  the  air  soon  proves  fatal.  An  animal  cannot  live 
in  a  mixture  which  extinguishes  a  lighted  candle,  and 
hence  the  old  practical  nde  of  letting  a  ligiit  domi 
into  a  well  before  any  one  ventiues  to  descend.  If 
the  candle  burn,  it  is  judged  safe,  but  Dr.  Christison 
relates  cases  in  which  a  light  has  not  been  ex- 
tiugiushed,  but  the  men  who  descended  instantly 
became  insensible.  When  an  attempt  has  been  made 
to  inspire  pure  carbonic  acid,  thcic  was  a  violent 
spasm  of  the  glottis,  which  prevented  the  gas  from 
entering  the  lungs.  If  sufficidilly  dibited  with  air 
to  admit  of  its  passingthe  ul  ii  i  i     n  n  ueotic 

poison.     Many  persons  h.iM  <    liu  in- 

tentionally or  by  aecidmi    I  mlined 

room  withapanof  burnuu  ■  liu  '  (  il  hik  acid 
is  quite  incombustible,  and  thl^  i;  is  (unsists  of  caibon 
in  its  highest  degree  of  oxidation. 

When  lime-water  comes  in  contact  with  this  gas  it 
becomes  turbid.  The  lime  unites  with  the  gas, 
forming  carbonate  of  lime,  which  being  insoluble  in 
water  renders  the  solution  of  lime-water  milliy. 

Recently  boiled  water  absorbs  its  own  volume  of 
carbonic  acid  at  60°  and  30  inches  pressure ;  but  it 
wdl  take  up  much  more  if  the  pressure  be  increased. 
The  quantity  absorbed  is  in  exact  ratio  with  the  coni- 
prcssmg  force,  the  water  dissolving  twice  its  volume 
when  the  pressure  is  doubled,  and  tluee  times  its 
volume  when  the  pressui-e  is  trebled.  On  i  emoving  the 
the  gi-eater  part  of  the  gis  picapes,  and 


CARBONIC  ACID  and  CARBONIC  OXIDE. 
Carbon  and  oxygen  possess  a  very  powerful  affinity 
for  each  other  when  the  temperatui-e  is  sulEcicntly 
raised :  under  ordinary  circumstances,  and  at  the  usual 
atmospheric  temperatures,  they  do  not  combine.  The 
only  binary  compounds  of  carbon  and  oxygen  whicli 
have  been  isolated  are  carbonic  oxide,  wliieh  is  com- 
posed of  6  parts,  by  weight,  of  carbon,  and  8  of  oxy- 
gen, and  carbonic  acid,  which  contains  0  carbon  and 
16  oxygen.  We  will  first  notice  carbonic  acid,  which 
is  always  produced  when  charcoal  burns  in  contact 


^   tint 


isk 


1  to 


another.  The  solution  has  a  pli  asaut  acid  tasie, 
reddens  litmus  paper,  Uut  the  blue  colour  retui'ns  ab 
the  gas  escapes.  Lime-water  is  at  first  rendered 
turbid  by  the  solution,  but  it  soon  becomes  clear,  as 
carbonate  of  lime  is  soluble  in  excess  of  carbonic 
acid.  The  agreeable  pungency  of  malt  liquors  is  m 
great  measure  due  to  the  presence  of  carbonic  acid, 
the  loss  of  which  by  exposure  to  the  air  causes  them 
to  become  stale.     Spring  and  w-cU-water  contain  car- 


bonic acid  absorbed  from  the  air 
partly  owe  their  pie 
of  water  that  has  I 
carbonic  acid.     '1 1 

Its  presence  ni:i\  1  > 


le  insipid  taste 
II  an  absence  of 
( sent  in  the  at- 
1  thousand  feet, 
ijig  liine-wal<?r 
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to  the  air,  A  pellicle  of  carbonate  of  Kme  soon  forms 
on  its  surface.  The  sources  of  carbonic  acid  ii 
air  are  numerous.  It  is  an  abundant  product  of 
bustiouj  of  respiration  of  animals,  -nrhich  is  in 
only  a  kind  of  slow  combustion,  and  it  is  generated 
by  fermentation,  and  in  all  those  changes  which  take 
place  in  dead  animal  and  vegetable  matter.  When 
these  processes  take  place  in  low  and  confined 
situations,  the  poisonous  carbonic  acid,  or  choh-di. 
as  it  is  sometimes  called,  may  accumulate  and  prove 
fatal  to  animal  life.  But  in  general  this  gas  ii 
equally  diffused  throughout  the  air,  and  never  accu 
mutates  unless  there  is  some  local  source  of  supply 
for  although  so  much  heavier  than  the  atmosphcrii 
air,  the  strong  diffusive  tendency  of  gases  prevents 
it  from  separatmg  from  the  lighter  gases  of  the 
By  its  equal  diffusion  it  ministers  food  to  growing 
plants,  which  decompose  the  carbonic  acid,  retain  the 
carbon,  and  give  out  an  equal  volume  of  pure  oxygen 
m  return.  Many  mineral  sprmgs  also  contain  car- 
bonic acid,  and  in  combination  with  lime  it  forms 
extensive  masses  of  rock  in  all  countries.  Carbonic 
acid  unites  with  alkaline  substances,  forming  salts 
which  are  termed  carbonates. 

Carbonic  acid  has  been  obtained  in  a  liquid,  and 
jJso  in  a  solid  form,  the  first  example  of  a  soKdified 
gas.    The  liquefaction  of  carbonic  acid  was  effected 
by  Faraday  in  the  following  manner : — A  strong  tube. 
Fig.  472,  about  i 
inch  diameter  and  8 
inches    long,   being 
^'^■■'"'  bent    at    about    2 

inches  from  its  end  to  an  obtuse  angle,  and  sealed 
at  the  shorter  cud,  sulphuric  acid  was  pom-ed 
in  through  a  small  funnel,  so  as  not  to  soil  the 
larger  leg,  which  was  then  loosely  filled  with  frag- 
ments of  carbonate  of  ammonia,  and  also  hermeti- 
cally sealed.  The  acid  was  then  made  to  run  upon 
the  salt,  aud  the  evolved  carbonic  acid  gradually 
appeared  condensed  by  the  mutual  pressui-e  of  its 
particles  into  a  liquid  form.  Many  precautions  are 
necessary  to  guard  against  explosion ;  the  face  and 
eyes  must  be  protected  by  a  strong  mask  •\vith  goggles 
for  the  eyes,  and  the  hands  must  be  shielded  by  thick 
gloves.  Great  care  is  required  in  handling  the  tubes, 
for  in  some  cases,  after  having  held  the  fluid  safely  for 
weeks  together,  they  have  exploded  from  some  slight  in- 
crease of  temperature.  It  appears  from  some  experi- 
ments by  Mr.  Addams,  that  the  elastic  force  of  liquid 
carbonic  acid  at  difl'ercut  temperatures  is  as  follows : — 


100      ...      935     ....     C2.3 

150      ...    1,496     ....     99.7 

Liquid  carbonic  acid  has  been  obtained  in  very  large 

quantities  by  an  apparatus,  contrived  by  M.  Thilorier, 

tile   principle    of  which  is   identical   with   that   of 


Dr.  Faraday's  glass  tube.  The  liquid  carbonic  acid  is 
first  produced  in  a  generator,  from  which  it  is  distilled 
into  a  receiver  for  the  purpose  of  separating  it  from 
the  sulphate  of  soda,  &c.  The  products  of  several 
successive  operations  are  collected  in  this  receiver. 
The  generator,  a  Fig.  473,  is  a  cylindi-ical  chamber  of 


lead  enclosed  within  a  copper  cylinder,  and  strength- 
ened by  wrought-iron  rings.  The  top  and  bottom 
are  further  strengthened  by  thick  iron  plates.  The 
generator  is  supported  on  an  axis  at  p  p.  The  con- 
struction of  the  receiver  B  is  similar  to  that  of  the 
generator.  The  opening  at  o  in  the  generator  is 
closed  by  a  screw-plug  s,  pierced  in  the  direction  of 
its  axis,  and  furnished  with  a  stop-cock  c.  The  screw- 
plug  is  moved  by  a  double  handle  k  h.  A  ring  of 
lead  compressed  into  the  double  throat  between  the 
neck  of  the  generator  and  the  screw-plug,  renders  the 
vessel  perfectly  tight.  The  receiver  b  has  an  opening 
wliieh  is  famished  with  a  copper  tube  a,  passing 
nearly  to  the  bottom  of  the  vessel,  and  is  furnished 
with  a  stop-cock  con  the  outside.  Comnnmication  is 
established  between  the  two  vessels  a  and  b,  by 
means  of  a  copper  tube  x  t  x. 

For  the  production  of  the  liquid  carbonic  acid,  the 
tollowiug  is  the  charge  for  a  generator  2  feet  long, 
and  4  inches  internal  diameter : — 6.25  lbs.  of  water  at 
100° :  2.75  lbs.  of  bicarbonate  of  soda  in  fine  powder, 
and  1.47  lbs.  of  sulphuric  acid  of  full  commercial 
strength.  These  proportions  leave  an  excess  of 
alkaline  salt,  which  is  desu-able  in  order  completely 
to  neutrahze  the  acid.  The  generator  is  charged  by 
taking  out  the  valve-plug  and  introducing  some  of 
the  tepid  water  by  means  of  a  funnel :  the  carbonate 
is  then  added,  then  the  remaming  water, 
and  the  whole  is  stirred  up  with  a  rod.  The 
iicid  is  introduced  separately  in  a  copper  tube, 
Fig.  474,  in  order  to  prevent  it  from  acting 
upon  the  materials  before  the  screw-plug  is 
replaced.  This  being  done,  the  generator  is 
inclined,  when  the  acid  flows  out  of  the  tube 
and  mmgles  with  the  alkaline  solution,  and  ,: 
in  order  to  mis  them  more  completely,  the  fe 
vessel  is  turned  over  and  over  several  times  ' 
upon  its  axis  pp.  The  generator  is  then^'*'^'^ 
allowed  to    stand    a    few  minutes    erect  with   its 


CARBONIC  ACID. 


319 


valve  end  upwards,  and  the  liquefied  carbonic  acid 
being  ligliter  than  the  resulting  sulphate  of  soda, 
rises  and  floats  upon  it.  The  generator  is  then  con- 
nected with  the  receiver  by  means  of  the  tube  x  t  x, 
as  in  Fig.  473,  and  the  valves  of  both  vessels  being 
opened,  the  carbonic  acid  passes  from  a  into  b.  The 
receiver  should  be  sm-rounded  by  cold  or  iced  water, 
while  the  generator  is  allowed  to  retain  its  heat.  The 
valves  are  then  closed,  the  contents  of  the  generator 
discharged,  and  the  operation  is  repeated.  Wben  the 
receiver  is  properly  charged,  it  contains  liquid  car- 
bonic acid  with  a  quantity  of  highly  condensed  gas 
above  it.  Upon  opening  the  stop-cock  the  expansion 
of  the  gas  forces  the  liquid  up  the  tube  a  c:  a  portion 
of  it  immediately  passes  into  the  state  of  gas  at  the 
orifice,  and  another  portion  is  frozen  into  a  white 
^now-hke  sohd,  m  consequence  of  the  large  quantity 
of  heat  leudeied  latent  ui  llu  imssij:c  ot  the  bquul 
acid  mto  the  gascou>  I  I 

IS  blown  out  m  fim  I 

collected  m  a  f7;r/«  I 

sists  of  two  paitb  a  tj  ^    ,  ,  \\  \  \\     I     i     1' 

bemg  readily  scpaiated  and  put  tooothi,!  agim,  by 
one  end  shibug  a  Mtle  withm  the  other,  and  held 
together  by  two  obliquely  giooved  holdeis  placed  on 
opposite  sides  of  the  jomt.     The  lu^^ei  pait  ah  c  d 


has  at  the  side  a  small  tube  t,  which  is  screwed  to  the 
tube  a  c  of  the  receiver,  Kg.  473.  On  opening  the 
stop-eock  c,  a  jet  of  liquid  carbonic  acid  enters  the 
box  and  strikes  upon  a  small  tongue  »;,  an-anged  so 
as  to  produce  a  gyratory  motion ;  the  portion  of  the 
liquid  which  becomes  transfonned  into  gas,  escapes  by 
the  central  tubulm-es  c  d,  c'  d',  while  the  remainder 
solicbfies  within  the  box. 

Mr.  Addaras  has  simplified  and  improved  the  ap- 
paratus for  the  liquefaction  and  soKcUfication  of 
carbonic  acid  gas.  The  improved  apparatus  is  de- 
scribed in  the  last  edition  of  Professor  Brando's 
Manual  of  Chemistiy. 

Liquid  carbonic  acid  is  Kmpid,  colourless  and  very 
fluid.  Its  sp.  gr.  at  32°  is  0.83,  and  it  distils  readily 
and  rapidly  at  the  difi'erence  ot  temperatm-e  between 
32°  and  0°.  Between  32°  and  86°  Pahr.  the  liquid 
increases  in  bidk  from  20  to  29,  which  is  four  times 
greater  than  the  dUatability  of  aii-  within  the  same 
range.  It  is  insoluble  in  water  and  in  the  fat  oils, 
but  it  is  soluble  in  alcohol,  ether,  turiicntine,  and  sul- 


phui-et  of  carbon.  Its  refractive  power  is  much  less 
than  that  of  water.  Some  years  ago  Mi-.  Brunei 
attempted  to  make  use  of  this  liquid  as  a  motive 
power,  and  the  machine  which  he  proposed  to  con- 
struct, to  be  moved  by  the  expansive  force  of  this  gas, 
was  exhibited  in  diagrams,  &c.  at  the  Eoyal  Institution. 
This  machine,  however,  seems  to  have  failed,  for  the 
same  reason,  as  it  appears  to  us,  that  caused  M.  Thil- 
orier's  apparatus  to  succeed ;  namely,  by  allowing  the 
liquid  to  escape  and  assume  the  gaseous  form,  so 
great  a  degree  of  cold  is  produced  that  a  portion  only 
expands  into  gas,  and  can  be  applied  as  a  prime  mover, 
while  the  remaining  portion  freezes  into  a  solid.  If 
this  really  be  the  explanation  of  the  failure  of  this 
machine,  and  it  had  been  understood  at  the  time, 
M.  Thilorier's  beautiful  discovery  would  have  been  an- 
ticipated by  twenty  years.  Solid  carbonic  acid  when 
fiisl  pu.durcJ,  is  in  tire  form  of  a  white  flocciJent 
I  ,•       pi  '    d  and  resolidified,  when  it 

lime  like  ice.     It  melts  at 
'  I  I  he  solid  is  heavier  than  the 

il  1(1  "  \i  t  I  *i  -i  I  iture  it  has  a  pressure  of 
about  5.33  atmosphcics.  It  is  remarkable  for  the 
high  tension  of  the  vapour  which  it  gives  off  whilst 
in  the  solid  state  :  there  is  no  other  substance  which 
at  all  comes  near  it  in  this  respect,  and  it  causes  an 
inversion  of  what  in  all  other  cases  is  the  natm-al  order 
of  events :  thus,  if,  as  in  the  case  with  water,  ether, 
meicury  or  any  other  fluid,  that  temperatiu-e  at  wliieh 
carbonic  acid  gives  off  vapour  equal  in  elastic  force  to 
one  atmosphere  be  called  its  boduig  point ;  or  if  (to 
produce  the  actual  effect  of  ebullition)  the  carbonic 
acid  be  plunged  below  the  surface  of  alcohol  or  ether, 
llini  wo  shall  perceive  that  the  freezmg  and  boiling 
points  are  inverted;  that  is,  that  the  freezing  point 
la  the  hotter,  and  the  boiling  point  the  colder  of  the 
two,  the  latter  being  about  50°  below  the  former. 
{Faraday.)  In  the  solid  state  it  moves  about  upon 
any  polished  surface,  like  a  drop  of  water  upon  white- 
hot  uon,  and  slowly  disappears.  Addams  found  the 
surfaces  from  which  it  had  evaporated,  in  a  negatively 
electrical  state.  In  its  usual  state  the  flocculcnt  acid 
feels  Uke  snow,  and  owing  to  its  low  conducting  power, 
it  does  not  evaporate  very  rapidly,  nor  feel  extremely 
cold,  though  its  actual  temperature  is  lower  than  100° 
below  the  zero  of  Fahrenheit.  When  a  little  mercury 
is  put  into  a  saucer  and  covered  by  solid  carbonic  acid, 
the  addition  of  a  few  drops  of  good  ether  forms  a 
semi-fluid  mass,  by  the  contact  of  which  the  mercui'y 
is  immediately  frozen :  in  this  way  ten  pounds  of 
mercury  may  be  frozen  in  less  than  eight  minutes. 
In  further  illustration  of  the  extraordinary  relations 
of  this  substance,  a  large  lump  of  the  solid  carbonic 
acid  was  kept  for  a  minute  in  a  red-hot  cnicible,  and 
afterwards  a  pound  of  mercury  was  frozen  with  it. 
AVhen  apiece  of  the  solid  acid  is  put  into  a  gas-bottle, 
it  gradually  becomes  gas,  which  may  be  collected  as 
usual  over  water ;  or  its  conversion  into  the  gaseous 
state  may  be  more  strikingly  obsei-ved,  by  letting  up  a 
small  piece  of  it  into  an  inverted  jar  of  water."  ' 
The  temperature  of  the  mixture  of  solid  carbonic 
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acid  and  ether  in  the  air,  as  measiircd  by  a  spiiit 
thermometer,  was  found  by  Faraday  to  be— 106° 
Fahi-.,  but  when  this  miiture  was  placed  beneath  the 
receiver  of  an  au--pump,  and  exhaustion  rapidly  made, 
the  temperature  sank  to  —106°  Fahr.  Li  lSi5  Dr. 
Faraday  took  advantage  of  this  low  temperature  to 
resume  his  experiments  on  the  liquefaction  of  the 
permanent  gases,  which  had  been  undertaken  by  him 
with  such  happy  results  22  years  before.  By  usiug 
narrow  green  glass  tubes  of  great  strength,  powerftil 
condensing  syringes,  and  the  low  temperature  obtained 
as  just  described,  several  of  the  compound  gases 
were  liquefied  and  even  frozen  into  colourless  trans- 
parent solids :  alcohol  did  not  freeze,  but  it  became 
thick  and  oily;  while  oxygen,  hydrogen,  nitrogen, 
nitric  oxide,  carbonic  oxide,  and  coal  gas,  could  not 
be  liquefied  at  —  166°  Fahr.  while  subjected  to  pres- 
sures varying  from  27  to  58  atmospheres. 

CumoNic  OXIDE  may  be  obtained  from  carbonic 
acid,  by  subjecting  that  gas  to  the  action  of  sub- 
stances which  abstract  a  portion  of  its  oxygen ;  as 
for  example,  by  passing  carbonic  acid  over  red-hot 
charcoal  or  metalHc  ii-on,  one  half  of  its  oxygen  is 
removed.  There  are  various  other  methods  of  ob- 
tauiing  this  gas  known  to  the  chemist.  Carbonic 
oxide  differs  essentially  in  its  properties  from  carbonic 
acid.  It  is  combustible,  burning  with  a  beautiful 
pale  blue  flame,  producing  carbonic  acid  as  the  result 
of  combustion.  It  is  colourless,  has  very  little  odour, 
but  is  very  poisonous.  It  explodes  when  mixed  with 
oxygen  and  fired  by  the  electric  spark.  Its  sp.  gr. 
is  .973,  and  100  cubic  inches  weigh  30.31  grams. 

Carbonic  oxide  is  sometimes  produced  from  the 
carbonic  acid  wliich  results  from  the  combustion  of 
coal  in  our  furnaces,  and  the  cause  of  this  is  clearly 
stated  in  the  following  extract  from  an  admii-able 
lecture  by  Professor  IMiller  of  Kmg's  College.'  He 
is  tracmg  the  progress  of  the  combustion  of  a  pound 
of  pure  carbon. 

"  When  this  pound  of  pure  charcoal  is  burned, 
when  it  combines  with  oxygen  from  the  air,  it  gives 
out  a  certain  amount  of  heat,  which,  from  careful 
experiment,  appears  to  be  sufficient  to  convert  thirteen 
pounds  of  water  at  60°,  the  ordinary  temperatui-e  of 
the  air,  into  steam  at  212°,  the  boiling-point  of 
water.  In  other  words,  it  will  boU  away  thirteen 
pounds  of  water;  and  more  than  the  heat  sufficient 
to  efi'eet  this,  no  ingenuity  can  make  it  furnish.  It 
is  evident,  however,  if  it  is  capable  of  furnishing  this 
quantity  of  steam,  that  unless  we  actually  generate 
this  full  amount  in  our  steam  boilers, — unless  the 
whole  thu-teen  pounds  of  water  is  turned  into  steam 
for  every  pound  of  charcoal  which  we  consume,  that 
we  are  incurring  a  loss  greater  or  less  in  proportion 
to  the  quantity  of  steam  produced.  Some  waste  is 
almost  inevitable ;  but  our  exertions  cannot  be  con- 
sidered to  be  crowned  with  the  success  which  is 
attainable  so  long  as  any  considerable  loss  is  sus- 


tained ;  we  must  therefore  examine  and  reflect  upon 
the  various  circumstances  which  may  produce  such 
loss.  The  first  and  most  obvious  loss  arises  from  the 
escape  of  the  heated  air  from  the  chimney  before  it 
has  surrendered  to  the  boiler  the  full  amount  of  heat 
which  it  is  capable  of  relinquishing.  It  is  manifest, 
that  the  best  method  of  obviating  this  consists  in  so 
arranging  the  cliimney  and  passages  for  the  products 
of  combustion,  that  they  shall  circulate  thoroughly 
around  the  boUer,  and  tliat  sufficient  time  may  be 
allowed  for  them  to  part  with  their  high  temperature 
before  escaping  into  the  external  air.  Doubtless  this 
is  an  extremely  difficult  thing  to  efi'eet  to  the  best 
advantage,  and  is  the  part  where  some  loss  is  in- 
evitable ;  but  it  is  so  striking  a  point  that  I  need  not 
here  dwell  longer  upon  it.  Another  important  source 
of  loss  is  the  cooling  down  of  the  pipes  and  boiler 
after  the  steam  has  been  generated,  but  before  it  has 
been  used.  And  here  science  has  rendered  most 
important  service ;  in  tlie  Cornish  engines  especially 
this  point  has  received  attention, — and  four  times 
the  quantity  of  work  may  now  be  obtained  with  the 
same  expenditui-c  of  fuel  from  an  engine  which  Mr. 
Watt  considered  was  doing  the  fuU  amoiuit  of  work 
that  could  be  expected  from  it.  There  is,  however, 
another  very  important  but  more  unsuspected  mode 
in  which  loss  is  sustained,  and  one  wliich  is  intimately 
connected  with  the  chemistry  of  combustion.  It 
depends  upon  an  insufficient  supply  of  air.  It  is 
a  fact,  not  less  singular  than  important,  that  char- 
coal, or  coke,  may  be  dissipated  in  vapoui-,  and  may 
apparently  be  wholly  consumed,  by  one  half  of  the 
amount  of  air  that  is  usually  required  in  an  open  fire, 
under  cii'cumstances  where  the  full  quantity  of  heat 
is  given  out ;  and  it  is  to  be  observed,  that  in  this 
case  one  pound  of  charcoal  instead  of  emitting  heat 
enough  to  convert  thu'teen  pounds  of  water  into 
steam,  will  only  give  out  one-fifth  of  the  heat,  and  will 
therefore  raise  but  Kttle  more  than  two  pounds  and 
a  half  of  water  into  steam.  This  important  fact 
depends  upon  the  property  which  charcoal  has  of 
forming  two  compounds  with  oxygen ;  in  the  first 
case  where  the  most  heat  is  emitted,  twice  the 
amount  of  oxygen  is  taken  up,  and  carbonic  acid 
gas,  or  fixed  air,  is  produced;  in  the  second  case, 
a  gas  is  obtained  also,  called  carbonic  oxide; 
it  is  colourless,  and  therefore  escapes  notice ;  but  it 
is  combustible,  which  carbonic  acid  is  not,  and  in 
bm-ning,  it  gives  out  a  large  amount  of  heat ;  in 
short,  the  other  four-fifths  of  the  heat  which  are 
deficient  when  charcoal  is  burned  into  this  gas. 

"  Now,  the  way  in  which  this  gas  is  produced  is 
worthy  of  notice.  It  is  not  formed,  in  the  first 
instance,  by  the  direct  union  of  the  coke  or  charcoal 
with  the  oxygen  of  the  air ;  for  carbonic  acid  is  the 
compound  which  is  invariably  obtained ;  but  when 
this  carbonic  acid  is  made  to  pass  over  red-hot  coals, 
it  dissolves  a  portion  of  the  coal,  becomes  dilated  to 
tmce  the  bulk  it  occupied,  and  actually,  instead  of 
increasing  the  heat  of  the  furnace  by  the  quantity  of 
coal  with  which  it  thus  unites,  it  most  materially 
diminishes   it,   and   carries    it   off    in   sheer  wast-e. 


CAUHUKETS- 

I  cau  show  you  this  combination  of  the  incombustible 
carbonic  acid  with  the  combustible  coal,  and  the 
production  of  a  gas  which  is  capable  of  takmg  fire 
on  the  application  of  a  hght,  by  passing  the  carbonic 
acid  through  a  long  glass  tube  fiUcd  with  charcoal, 
and  heated  to  redness  by  passing  it  across  the  fur- 
nace, and  then  collecting  in  se|)ar:itc  vessels  (lie  gas 
which  escapes  from  the  ap]Kii  ,:i;<  Xiv  I.l  us 
consider  what  is  actually  goin--      i      .  .    '  '   lair 

furnaces:  these  are  usually  op.  n  i  .  ,  lum 

by  the  bars  of  tlie  fire-grate, — lui-i.  r.  ii',;;  :  ;.i;;  i,,|.cs 
place,  and  the  body  of  coke  above  becomes  of  a 
bright  red  heat ;  but  the  air  is  quickly  deprived  of 
its  oxygen  by  the  lowest  layer  of  coal,  the  draught 
carries  up  the  cxbausted  aii-,  and  with  it  the  carbonic 
acid  that  has  been  formed ;  this  gas,  as  it  passes  over 
the  intensely  ignited  coal,  dissolves  a  fresh  portion, 
cools  the  fire  and  ascends  the  chimney;  when  it 
reaches  the  top  of  the  chimney,  it  has  become  too 
much  cooled  down  to  take  fire  as  it  conies  into  the 
air,  and  passes  off  unsuspected  and  to  waste ;  actually 
carrying  with  it  foui'-fifths  of  tlie  heat  that  it  ought 
to  give  out  if  the  coal  that  it  takes  off  had  been 
burned  with  a  due  supply  of  air.  I  do  not  mean  to 
say  that  the  whole  of  the  carbonic  acid  is  ever 
entirely  converted  into  carbonic  oxide;  the  gas  is 
not  iu  contact  with  the  heated  coal  for  a  suflleieut 
length  of  time  to  produce  this  effect ;  but  this  I  do 
say,  that  in  all  fumaocs  of  the  common  construc- 
tion, a  large  loss  is  sustained  in  this  insidious  and 
unsuspected  manner. 

"  In  the  case  where  coal  and  not  coke  is  employed, 
still  greater  loss  is  sustaiued;  all  the  visible  smoke 
is  wasted,  a  good  deal  of  carbonic  oxide  in  addition 
passes  off  in  the  invisible  form,  and  still  more  coal  gas 
escapes  unnoticed ;  the  coal  in  the  upper  part  of  the 
furnace  becomes  coked  by  the  heat  of  the  ]ower  por- 
tion, and  nearly  all  that  the  gas-works  obtain  by  distil- 
Intion  of  coal  in  retorts,  here  passes  unheeded  into  the 
air.  The  question,  therefore,  of  the  consumption  of 
smoke,  resolves  itself  not  merely  into  a  qurshon  of 
health  and  public  convenience,  to  whicli  liu  dim 
a  deaf  ear  is  turned  by  those  who  are  deii\  m^'  pu  lil 
at  the  expense  of  the  sufferers,  but  it  is  actu  ilK 
a  question  of  eeonomy  on  the  widest  scale — it  i 
a  question  on  which  common  sense  .and  comm  i 
humanity  arc  alike  agi-ced,— and  it  is  thercfou  i 
point  wliich  eventually  will  demand  from  self  nitcn 
that  attention  which  mere  good  feeling  vi  oidd  li  i 

CARBURETS.     Carbon  unites  with  only  a  f. 
of  the  metals  forming  carburets,  or  carhiik^.     'liie 
only  carbides  of  importance  are  those  of  iron,  man 
ganese,  palladium,  iridium,  and  a  few  other  metals  also 
combine  with  carbon. 

CARBURETTED  HYDROGEN,  sec  Gas. 

CARDBOARD.  The  manufacture  of  the  card- 
board which  is  used  for  playing  cards  and  for  addiess 
cards,  contains  a  number  of  interesting  processes, 
which  wc  will  describe  in  the  order  in  which  we 
recently  \\'itnessed  them  at  the  house  of  Jlcssrs 
Sabine,  Poppin's  Court,  Fleet  Street. 


two 


1  number  of  thicknesses  of 
r>bed  aud  polished  on  the 
I  irdboard  consists  of  two 

1  a  ^lieot  nf  e.-irtrid'Tn  paper 


between  them,  aud  the  tliiil  i        .■ 
terminedbythe  stoutness  of  1 1  !  i!  cards 

two  or  more  sheets  of  eartiiilj'  p  i  .  r  ,  jinked. 
5m/o/-ioa?-i/,  which  is  useil  i;  ,   .lurdof 

two  or  more  thicknesses  of  w  i        ;  -       Hence 

cardboards  are  known  as  ////■■  , '  ;  tiijhl- 

sheet  boards,  either   ichilr  u,    ,  '.      I  lie   outer 

sui'faccs  maybcwliiir,  i  '  i  ,  .  ,  lavi  uder,  or  pink, 
iSrc,  the  colours  li.;:  i  •.  u  outer  surfaces 

of  coloured  paper.     1.  are  produced  by 

a  process  which  will  be  Ut^e.ioed  presently. 

For  the  sake  of  simplicity  we  will  eoufinc  our 
attention  to  the  manufacture  of  tlirea-shect  board. 
The  arrauging  of  the  paper  for  this  is  called  jiihif/tiiig. 
That  is,  a  ream  of  white  demy  paper  is  spread  open, 
aud  between  every  two  sheets,  one  sheet  of  cartridge 
paper  is  placed ;  and  the  pile  when  complete  is  called 
a  head,  consisting,  of  course,  of  a  roam  aud  a  half  of 

The  next  process  is  pasling.  A  man  stands  at  a 
bench  with  a  mahogany  slab  before  him,  the  head 
of  paper  on  his  left  hand,  and  n  Iii-/e  ImIi  of  pasic  on 
his  right.  The  paste-brush  iv  '  :  I  .;ipart 
of  a  long-handled  hair  bima        I  as  are 

condneted  as  follows: — V\\\.:  i  '  i  .1  fiom 
the  head  upon  the  maho,L;aiiy  >  ,  '  i,  ;  li  liaud, 
the  paster  with  his  large  1ji:  i  \  ,'Ii  tliin 


iiooth  I- 


thrc 


skilful  movements  of  the  In'.  I  .:  :  !  .a.m.  lli:  llien 
pulls  down  upon  tliis  pasted  surface  a  sheel  nf  car- 
tridge  paper,  the  top   surface   of  which  Ls  iu  like 


manner  pasted  He  next  pulls  down  upon  the  pasted 
caitridge  surface  iiro  sheets  of  white  paper,  and 
covcis  the  upper  siuface  only  witn  piste  One  sheet 
ol  eartiidge  paper  is  pulled  down  upon  this  and 
pasted,  then  two  sheets  of  white  paper,  and  so  on 
untd  the  whole  head  has  been  pasted  Now  it  is 
obvious  that  by  pulling  down  two  sheets  of  white  paper 
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upon  a  pasted  surface,  and  thcu  covering  tbe  upper 
surface  of  tliese  two  sheets  ■with  paste,  two  con- 
tiguous sui-faces  will  be  left  unpasted,  and  these  form 
the  boundary  between  every  two  sheets  of  cardboai-d. 
One  man  wiU  paste  4  heads  of  paper,  or  7  gross  of 
cardboards,  in  one  day.  Tliis  will  consume  about 
14  lbs.  or  16  lbs.  of  flour,  reckoning  1  lb.  of  flour  equal 
to  1  gallon  of  paste.  It  is  not  usual  to  damp  the  paper 
previously  to  pasting,  unless  papers  are  brought  to- 
gether which  will  not  marry,  as  in  the  case  of  a  hard 
hand-made  paper,  and  a  softer  and  more  equable 
maehine-mado  paper.  In  sueh  a  case  the  paper 
must  1)0  previously  damped  in  order  that  the  pasted 

W  .  '  ^.  iilhas  been  pasted,  it  is  put  into  an 
ii  ,        ,1  rundonsed  by  the  action  of  a  well- 

.  i!  I  ii^Mi  -.  ,rv,,  .iiiil  a  long  iron  lever  worked  by  two 
iiieii.  The  water  of  the  paste  oozes  out  at  the  edges 
of  the  head,  and  falling  into  a  channel  in  the  lower 
bed  of  the  press,  escapes  through  a  hole  into  a 
bucket,  which  becomes  entirely  filled  with  clear  water 
from  the  produce  of  one  man's  work  in  the  course  of 
one  day.  . 

The  next  process  is  drying.  Every  evening  before 
the  men  leave  off  work,  each  man  takes  out  of  the 
press  the  heads  which  he  has  pasted  during  the 
day,  and  placing  one  of  the  short  sides  of  the  heap 
before  liini,  he  pierces  the  boards  close  to  the  edge 
with  a  couple  of  holes.  Then  taking  up  two  of 
the  cardboards,  he  passes  a  piece  of  soft  copper  wire, 
about  \\  inch  long,  furnished  with  a  little  square  of 
cardboard  at  one  extremity,  into  each  hole.  In  this 
way  he  goes  on  piercing  and  threading  untU  the  four 
heads  are  thus  prepared.  They  are  then  taken  to 
the  drying-rooms,  where  a  number  of  lines  are 
stretched  across  near  the  ceiling,  and  bending  the 
copper  wires  into  the  form  of  a  hook,  the  boards  are 
thus  hiuig  in  pairs  on  the  lines  to  dry.  The  room 
is  heated  artificially,  and  in  the  course  of  twenty- 
four  hours,  that  is,  on  the  next  evening  when  the 
lines  are  wanted  for  the  next  day's  work,  the  boards 
aie  sufficiently  dry.  On  giving  eveiy  pair  a  pull,  the 
soft  copper  wire  straightens,  and  releases  them  from 
the  line.  They  are  then  separately  brushed  with  a 
hair  brush  to  remove  any  dust,  &c. 

The  boards  are  now  rough  on  the  surface,  warped 
and  uneven.  They  are  made  smooth  and  even  by 
passing  them  between  a  couple  of  powerful  iron 
rollers  in  contact  with  thin  sheets  of  smooth  copper 
plate.  The  rollers  very  much  resemble  those  used  in 
bookbinding,  [See  BooKBiNDmG,  Fig.  1G6,  p.  155,] 
and  in  order  that  the  cai-dboards  may  be  passed 
through  the  rollers  square  or  without  overlapping 
each  other,  they  are  placed  in  a  three-sided  frame 
very  much  Kke  a  small  dinner  tray  with  the  front 
side  left  out.  A  cardboard  is  first  placed  in  this 
frame,  and  upon  it  a  sheet  of  copper,  not  quite  so 
large  as  the  board,  then  another  cardboard,  then  a 
second  sheet  of  copper,  and  so  on  alternately  until 
about  a  dozen  cardboards  and  as  many  sheets  of 
copper  have  been  piled  up.  The  bottom  roller  is 
furnished  with  a  handle  and  a  fly  wheel.     The  upper 


roUcr  is  movable  upon  a  liorizontal  axis.'' A  boy  is 
kept  turning  the  handle,  and  a  man  takes  the  pile 
from  the  frame  and  passes  it  between  the  rollers,  and 
as  soon  as  it  gets  within  their  grip,  the  resistance  is 
too  great  for  the  boy  to  overcome.  The  man  there- 
fore takes  hold  of  one  of  the  radii  of  the  fly  wheel, 
and  pulls  it  round;  the  pile  passes  through,  and  is 
received  by  a  boy  on  the  other  side;  who  passes  it 
over  the  top  roller,  and  the  man  sends  it  a  second 
time,  and  in  some  cases  a  third  and  a  fourth  time 
through  the  rollers.  The  effect  of  this  rolling  is  very 
remarkable.  The  rough  uneven  cai"dboard  is  converted 
into  a  perfectly  even  board  with  a  beautifully  polished 
glazed  surface.  Each  surface  has  in  fact  taken  an 
impression  of  the  smooth,  hard,  rigid  surface  of  the 
copper  plates,  a  species  of  surface  printhir/,  as  simple 
in  its  operation  as  it  is  successful  in  its  results.  The 
rollers  and  copper  plates  are  cold,  but  after  passing 
through  the  rollers  two  or  three  times,  the  cardboards 
become  sensibly  warm  to  the  touch  in  consequence 
of  the  enormous  compression  to  which  they  have  been 
subjected.  While  the  rolling  is  going  on,  two  boys 
are  preparing  another  pUe,  and  when  one  pile  has 
been  rolled,  another  boy  takes  out  the  sheets  of 
copper  and  arranges  the  cardboards  in  a  heap. 

The  cards  are  now  ready  for  the  stenciller  if  they 
are  to  be  formed  into  playing  cards,  or  for  cutting 
up  into  sizes  if  for  address  cards.  For  the  latter 
pm-pose  there  are  various  sizes  known  in  the  trade, 
such  as  ladies'  size,  gentleman's  size,  trade-card  size,  &c. 
The  targe  size  card  is  a  parallelogi-am  measuring  i 
inches  by  3  inches ;  one-third  large  ox  gentleman' s  size, 
is  3  in.  by  li  in.;  ladies'  size  is  Sf  in.  by  3f  in. 
Tlien  we  have  large  thirds,  3  in.  by  If  in. ;  outsides, 
also  called  Cobourg,  Town  size  or  thirds,  extra  broad 
thirds,  reduced  half  large,  all  referring  to  a  card  which 
measm-es  3  in.  by  2  in.  Then  there  is  half  large,  3  in. 
by  2i  in. 

The  cardboards  are  first  cut  into  lengths  or  long 
strips  4  inches  or  3  inches  wide,  according  to  the 
size  required.  These  strips  are  then  cut  up  with 
wonderful  celerity  into  cards  of  one  or  other  of  the 
above  dimensions.  The  cutting  is  performed  by 
means  of  an  apparatus  very  similar  to  the  board- 
cutting  machine  described  under  Bookbinding,  (Fig. 
172,  p.  157.)  The  cards  are  lastly  tied  up  in 
packets  ready  for  the  copper-plate  printer. 

The  enamelled  surface  of  address  cards  is  produced 
by  means  of  a  very  pure  variety  of  white  lead,  known 
as  China  white,  Erems,  or  Kremnitz  white,  and  Siher 
white.  [See  Lead.]  It  is  imported  into  this  country 
iu  cakes  or  lumps  made  up  in  sealed  packets.  This 
substance  is  stin-ed  up  with  pm-e  water  containing 
fine  sise,  made  from  pai-chment  cattings  boiled  down, 
and  rubbed  through  a  sieve  by  the  hand  (a  most 
dangerous  practice),  in  order  to  reduce  it  to  a  state 
of  minute  mechanical  division,  and  to  separate  any 
gritty  particles.  This  mixture  is  brushed  in  a  thin 
layer  over  one  surface  of  the  cardboards  by  means 
of  a  large  flat  and  closely-set  brush,  and  it  is 
smoothed  off  by  a  circular  bi-ush  made  of  badgers' 
hair,  which  leaves  the  enamel  colour  free  from  streaks 


or  marks.  The  cardboards  are  then  placed  upon  a  rack 
to  dry,  and  in  the  course  of  an  hour  or  two,  when  all 
trace  of  moisture  has  disappeared,  the  dead  white  sur- 
face produced  by  the  wldte  lead  is  wi  ought  mto  a 
glossy  enamel  by  a  very  remarkable  pioeess  A  piece  of 
flannel  dipped  into  the  powder  of  talc  (a  silicate  of 
magnesia)  is  rubbed  lightly  over  the  surface  of  1 1 
cardboard,  the  object  apparently  being  to  supply  t\ 
portion  thereof  with  a  polishing  mateual  It 
flannel  were  rubbed  with  much  pressuie,  the  abt  1 
dead  white  surface  would  remain  so,  but  when  tht 
powder  is  once  applied  a  strong  pi  essme  maybe  used 
and  this  is  given  by  means  of  a  close  set  biush 
similar  to  a  scrubbing  brush,  the  contmued  lubbnu' 
of  which  produces  the  well-kno^\u  glossy  cnamcll  1 
surface.  The  great  objection  to  this  kind  of  cml  i 
its  liability  to  turn  black,  the  sulphui  of  the  ptis  i 
or  of  the  atmosphere,  which  is  al«a\s  pic^ent  in 
minute  quantities  in  the  form  of  sulphuRttLd  ll^ 
drogeu,  combining  with  the  lead,  and  foiming  a  '^ul 
phuret  of  that  metal,  the  colour  of  which  is  bhck  On 
holding  one  of  these  cards  in  the  flimo  of  a  cmdle 
metallic  lead  is  produced  in  small  beads 

Playing-cards  are  produced  by  the  ancient  art  of 
stencilliiif/,  an  art  older,  in  Euiope  at  least,  than 
printing.'  A  stencil  is  a  thin  sheet  of  pasteboaid, 
parchment,  or  metal,  in  which  the  outlines  ^nd  genei  al 
forms  of  the  figures  are  cut  out,  foi  the  puipose  of 
being  stencilled  on  cardboard  oi  piper  By  passmg 
a  brush  charged  with  colour  o\er  the  stencil,  the 
colour-  enters  into  the  cut-out  lines,  and  impaits  the 
figure  to  the  material  beneath.  The  ;;//)f  or  common 
cards,  require  only  one  colour,  eithei  black  or  led ,  but 
the  tetes,  or  court  cards,  require  many  coloms  Poi 
the  production  of  the  former,  a  thin  sheet  of  caid 
board  is  divided  into  a  number  of  spaces  oi  pai  allele 
grams  equal  to  the  size  of  the  playing  caids,  and 
within  the  first  of  these  spaces,  exactly  in  the  centic, 
the  form  of  an  ace,  say  of  diamonds,  is  cut  out ,  in 
the  second  space,  a  diamond  is  cut  out,  near  the  top 
and  bottom  ;  in  the  third  space  three  diamonds,  and 
so  on  up  to  the  ten  of  diamonds.     The  stenciUer 
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places  this  stencil  phfe  upon  one  of  the  white  caid- 
bouds,  loUcd  and  pohshcd  as  abo^o  described,  and 

hohbnsit  ';tLilv\uth  his  U       i     ml  s  m  tl     r  lour 
^Mlh  a  1  I  h  set 


bristles  A  little  of  the  coloui,  veimilion  giound 
up  with  sise,  IS  placed  upon  a  board  covered  -nith 
parchment,  and  upon  this  the  brush  is  w  orkod  untd 
propeily  chaiged,  and  then  it  is  worked  upon  the 
stencil  with  a  lotatoiy  dabbing  soit  of  motion,  untd 
the  foims  are  pioptrly  painted  upon  tlie  caul  Poi 
the  couit  caids,  seveial  stencil  phtes  aie  used,  one 
for  each  colour  Suppose  the  giound  coloui  to  be 
led  This  goes  ovei  the  cuffs,  and  belt,  ind  coionet, 
and  breeches  of  the  knave  ,  a  stencil  is  then  \\  plied, 
which  coveis  all  the  paits  of  the  ctuI  e\cci)t  those 
which  are  to  be  painted  yellow  in  this  stencil,  theie 
foie,  the  cut  out  parts  fall  on  the  figuie  exactly  wheie 
the  vellow  is  to  be  pioduced,  and  this  lepiesents  the 
gold  lace,  the  jacket,  Lc  ,  a  stencil  is  tlitn  a))plied, 
to  allow  of  the  application  of  the  bght  brown  \iluch 
scuts  ioi  the  flesh  coloiu  ,  then  anothei  stencd  foi 
tlio  dark  brown  that  colours  the  hair :  then  there  is  a 
stencil  for  applying  the  light  blue  wliicli  forms  orders 
of  courtly  dignities,  baldrics,  and  shoe-strings.  In 
this  way  the  cardboards  being  covered  with  sets  of 
cards,  they  are  cut  up  in  the  same  way  as  the  address 
cards,  and  with  such  celerity,  that  a  skilful  workman 
can  in  two  hours  and  a  half  cut  up  200  packs,  of  52 
each,  or  10,400  cards. 

Wlien  the  backs  of  the  cards  are  ornamented  with 
spots  or  small  flowers,  &c.,  these  are  printed  in  sheets 
from  a  stereotype  plate,  at  a  common  hand-press,  and 
the  slieets  are  attached  to  the  back  of  the  card  in  the 
process  of  pasting. 

The  duty  card,  the  ace  of  spades,  is  printed  at  the 
stamp-office,  on  sheets  of  tliin  paper,  and  supplied 
to  the  card-maker  as  he  wants  them.  Each  maker 
has  his  own  plate,  which  is  engraved  at  his  cxjienso 
by  the  Government  authorities,  and  kept  by  them : 
he  never  being  allowed  even  to  see  it.  Each 
sheet  containing  aces  is  of  course  pasted  to  other 
sheets  of  paper,  to  make  up  the  proper  thickness.  It 
forms  the  stamp  of  every  pack  of  cards,  and  costs  the 
purchaser  one  shilling.     In  cards  for  exportation,  a 
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drawback  of  the  whole  duty  is  allowed;  in  which 
case,  the  Stamp  Oliice  furnishes  a  different  ace  of 
spades,  which  is  not  allowed  to  be  used  in  Great 
Britam  and  Ireland.  The  duty  from  cards  and  dice  in 
1800  was  £15,255. 

It  does  not  appear,  from  the  statements  made  to 
us  by  Mr.  Sabine,  that  card-playing  is  on  the  decline. 
The,  export  trade  to  the  colonics  is  very  large.  Mr. 
Sabine  frequently  sends  500  dozen  packs  to  one 
place,  and  there  arc  other  makers  in  the  metropolis 
whose  trade  is  equally  large. 

Cards  are  also  produced  by  printing  as  -well  as  by 
stencilling.  In  1832,  Mr.  de  la  Rue  took  out  a  patent 
for  improvements  in  mauufactui-ing  and  ornamenting 
playing-cards ;  and  smce  that  date,  other  improve- 
ments liavc  been  introduced,  some  of  which  have 
been  made  the  subject  of  patents.  The  following  is 
a  brief  outlke  of  the  process  as  at  present  adopted : — 

The  polish  -which  is  communicated  to  ordinary 
paper  by  pressure  merely  is  not  sufficient  to  produce 
cards  of  the  finest  quality.  The  high  finish  which  is 
afterwards  imparted  is  produced  by  a  previous  prepa- 
ration of  white  enamel  mixed  with  size.  Por  printing 
the  pips,  sets  of  blocks  are  prepared,  each  containing 
40  engravings  of  one  card ;  and  as  the  ordinary 
method  of  letter-press  printing  is  used,  40  impressions 
of  one  card  arc  obtained  at  the  same  moment.  As 
the  pips  are  cither  black  or  red,  they  arc  worked  at 
the  hand-press,  or  at  one  of  Cowper's  steam  printing- 
niachiucs.  The  tctcs,  however,  contain  five  coloui-s, 
including  the  outline,  viz.  dark  blue,  light  blue, 
black,  red,  and  yellow.  These  coloui-s  are  prmted 
separately  from  a  series  of  blocks,  which,  if  united, 
would  form  the  intended  figure  complete :  so  that,  by 
printing  successively  from  these  blocks,  the  colours 
fall  into  their  proper  places,  each  colour  being  made 
to  register  by  means  of  points  in  the  tympan  of  the 
press,  or  on  the  engraving. 

The  printuig  being  completed,  the  sheets  are  left 
during  three  or  four  days  in  a  room  boated  to  about 
80°,  in  order  to  fix  the  colours.  It  is  of  great  im- 
portance to  use  such  an  ink  as  ■will  not  be  liable  to 
smear  by  repeated  handling.  The  colours  employed  are 
prepared  from  the  best  French  lamp-black,  for  the 
black,  and  Chinese  vermilion,  for  the  red.  These  are 
ground  m  oil  by  a  machine  consistuig  of  cylinders 
revolving  at  regulated  velocities. 

The  paper  intended  for  the  backs  is  tmtcd  of  the 
required  colour,  and  printed  in  various  devices  by  the 
hand-press  or  the  stcam-machmc.  The  plaid  or  tartan 
backs  are  produced  from  a  block  engraved  with 
straight  lines,  and  printed  in  one  colour,  which  is 
afterwards  crossed  with  the  same  or  any  other  colour 
by  again  plaemg  the  sheet  on  tlie  block,  so  that  the 
2  sets  of  lines  may  cross  at  any  required  angle. 
Various  other  devices  are  produced  by  prmting  with 
blocks  containing  various  patterns.  In  printing  ffold 
backs,  size  is  used  instead  of  ink :  the  face  of  the 
card  is  then  powdered  over  with  bronze-dust,  and 
rubbed  with  a  soft  cotton  dabber,  by  which  the 
bronze  is  made  to  adhere  to  those  parts  only  which 
have  received  the  sise.     The  backs  are  also  nriuted 


from  wire  woven  into  a  variety  of  beautifij  patterns : 
the  wire  is  fastened  at  the  ends  by  2  pieces  of 
wood,  and  stretched  over  a  cast-iron  block,  to  which 
it  is  fked  by  screws.  The  printing  is  then  conducted 
in  the  usual  manner. 

The  pasting  is  performed  after  the  printing.  The 
printed  sheets  are  either  of  double  or  single  foolscap, 
and  the  cardboards  are  made  4  sheets  thick ;  i.e. 
the  front  and  the  tack,  with  2  interior  sheets  of 
inferior  quality.  The  paste  is  made  as  usual  from 
flour  and  water,  heated  in  a  forty-gallon  copper  to 
the  boding-pomt  by  means  of  a  steam-jacket :  this 
prevents  the  paste  from  burning  and  acquiring  a  bad 

When  the  pasting  is  complete,  a  hydraulic  press,  of 
100  tons,  worked  by  a  stcam-enguie,  is  used,  to  ex- 
press the  water  from  the  paste.  The  cardboards  are 
then  hung  up  to  diy,  after  wliich  they  are  subjected 
to  the  pressure  and  friction  of  a  brush-cylinder,  in 
which  the  bristles  are  short  and  thick-set :  these  not 
only  polish  the  surface,  but  penetrate  into  the  inte- 
rior. The  best  cards  are  waterproofed  on  the  back 
at  this  stage  with  a  varnish,  to  prevent  them  from 
being  marked  with  the  fingers  in  using.  Such  cards 
wiU  bear  washing  without  injury.  The  polishing  is 
completed  by  passing  the  cardboards  between  rollers, 
one  of  iron  and  the  other  of  paper,  [see  Calendeking,"] 
the  former  beiug  kept  moderately  warm :  they  are 
then  passed  between  2  bright  iron  rollers,  then 
milled  between  sheets  of  copper,  as  already  described, 
and  lastly  flattened,  by  the  pressure  of  a  hydrostatic 
press  of  800  tons.  It  has  been  found  by  experience 
that  the  beautiful  polish,  and  perfect  smoothness  and 
flatness  of  these  superior  cards,  can  only  be  produced 
by  a  succession  of  processes,  slow  in  action,  and 
gradually  increasing  in  power.  Each  cardboard  is  cut 
up  as  before  described,  first  into  8  narrow  slips, 
called  traverses,  each  contaioing  5  cards :  these  are 
then  cut  up  into  single  cards,  to  the  amount  of  30,000 
daily.  The  cards,  being  properly  sorted,  are  made 
up  into  packs,  for  which  purpose  a  number  of  cards 
of  the  same  name  (probably  200)  are  arranged  on  a 
long  table  :  these  are  then  covered  with  other  cards, 
and  the  process  is  repeated  52  tunes,  with  different 
cards,  until  the  200  packs  are  complete.  They  are 
then  folded  up  in  paper,  and  tied  up.  The  best  cards 
are  kno\vn  as  Moguls  ;  others  are  called  Harrys  and 
Highlanders. 

CAHDING,  see  Wool. 

CAEDING-ENGINE  and  CARD-MAKING  MA- 
CHINE, see  Cotton,  and  AprENDES. 

CARillNE.  A  beautiful  pigment  prepared  from 
cochineal.  It  was  discovered  accidentally  by  a 
Franciscan  monk  at  Pisa,  who  having  formed  an 
extract  of  cochineal  with  salt  of  tartar  for  the  pur- 
pose of  employuig  it  as  a  medicine,  obtained  a  fine 
red  precipitate  on  the  addition  of  an  acid.  Homberg, 
in  1G56,  published  a  method  for  preparing  it.  As  the 
use  of  this  substance  in  reviving  the  roses  on  the 
cheek  of  beauty,  and  concealing  the  attacks  of  tune, 
became  known,  the  costly  pigment  became  much  in 
request.    The  makers  of  it  in  some  of  the  principal 


towns  of  Europe,  succeeded  in  preparing  different 
varieties  of  it  of  greater  or  less  purity  and  lustre. 
Many  of  these  processes,  even  to  the  present  day,  are ' 
kept  secret ;  and  although  the  chemistry  of  the  art  is 
well  understood,  yet  there  are  certain  details  of 
manipulation,  and  an  empirical  knowledge  of  the 
effects  of  temperatm-e,  doubtless  acquired  after  long 
experience  and  many  failures,  which  confer  on  the 
carmines  of  some  makers  a  greater  lustre  than  on 
those  of  others.  The  use  of  carmine  has  of  late 
years  been  extended  to  the  manufacture  of  siqicr- 
fine  red  inks,  of  artificial  flowers,  and  lo  -ill,  orm  -. 
Carmine  is  the  finest  red  colour  whirli  ;: 
possesses.  It  is  cliiefly  used  in  miuiai  i 
and  in  water  colours.  It  is  made  in  laigo  !i.i:iu[.:.i..^ 
in  Paris.     [See  CocniNEAL,  App.] 

Carmirie  is  one  of  those  colours  called  h/ccs,  a 
term  applied  to  certain  colouring  substances,  which 
behave  like  acids  and  combine  by  precipitation  with 
a  white  earthy  basis,  usually  alumiua.  Carmine  is 
the  richest  ajid  purest  portion  of  the  colouring  matter 
of  cocliineal  isolated  in  the  maimer  here  alluded  to. 
But  cochineal  contains  various  colouring  matters  all 
capable  of  acting  the  part  of  an  acid;  these  matters 
are  very  soluble  in  water:  with  insoluble  bases  they 
form  insoluble  salts,  but  with  potash,  soda,  and 
aminouia,  they  form  soluble  ones.  Hence,  if  cochi- 
neal be  heated  with  potash,  soda,  or  ammonia,  all  its 
colouring  matters  will  be  obtained  combined  with 
the  base  employed  in  solution  with  a  little  albumen. 
If  a  quantity  of  acid  be  now  added,  not  sufEcient  to 
set  at  liberty  all  the  colouring  matters  dissolved,  the 
one  which  has  the  greatest  tendency  to  unite -with 
the  albumen  will  be  precipitated  alone,  or  nearly  so. 

The  manufacture  of  carmine  admits  of  explanation 
on  these  principles.  The  cochineal  is  generally  boded 
with  carbonate  of  potash  or  soda,  and  the  solution  is 
precipitated  by  means  of  a  weak  acid  or  an  acid  salt. 
If  the  latter  be  small  in  quantity  the  precipitate  is 
pure  carmine,  but  it  forms  a  powder  of  such  extreme 
tenuity  that  it  is  not  deposited  by  repose  only, 
unless  several  days  be  allowed  for  the  pui-pose.  To 
expedite  the  process,  white  of  egg  or  fish-glue  is 
employed,  exactly  in  the  same  manner  as  if  the  object 
were  to  clarify  the  liquid.  These  two  substances  in 
coagulating  collect  the  carmine,  and  form  with  it 
a  combination  more  or  less  clotty,  which  is  deposited 
in  the  course  of  a  few  minutes. 

The  various  kinds  of  carmine  are  distinguished  by 
numbers,  and  possess  a  value  corresponding  thereto ; 
the  difference  depending  either  on  the  proportion  of 
alumina  added  in  the  precipitation,  or  on  the  presence 
of  vermilion  added  for  the  purpose  of  diluting 
and  mereasing  the  quantity  of  the  colour :  the  alu- 
mina produces  a  paler  tiut,  and  the  vermilion  a 
tint  different  from  that  of  genuine  carmine.  The 
amount  of  adulteration  can  always  be  detected  by 
the  use  of  liquor  ammonia;,  -whieh  dissolves  the 
whole  of  the  carmine,  but  leaves  the  adulterating  mat- 
ters untouched,  so  that  by  filtering  the  solution,  and 
drying  and  weighing  the  solid  residuum,  the  amount 
of  adulteration  can  be  detected.     The  ammonia  solu- 


tion of  carmine  forms  a  beautiful  transparent  colour, 
making  a  superior  description  of  red  ink. 

We  give  a  few  recipes   for  the  manufacture  of 

To  make  ordinai-y  carmine,  take  1  pound  of  cochi- 
neal in  powder ;  3^  drachms  of  carbonate  of  potash ; 
S  drachms  of  alum  in  powder,  and  3|-  drachms  of 
fish-glue.  Boil  the  cocliineal  and  the  potash  in  a 
copper  containing  GO  pints  of  water,  the  boding 
being  allayed  from  time  to  time  with  cold  water. 
After  boiling  for  about  20  minutes,  the  copper  must 

ii^'  ii.  I  II  I'lmi  the  file  and  placed  on  a  table  at  such 
:   I  '    :  t lie  liquor  may  be  eonveidently  poured. 

I  ;  1  !  .iliim  is  then  thrown  in  and  the  decoc- 
I.  ii  lUiiL  I.  It  immediately  changes  colour  and 
inclines  to  a  more  brilliant  tiut.  In  the  course  of 
a  quarter  of  an  hour,  the  cochineal  is  deposited  at 
the  bottom  and  the  liquor  becomes  quite  clear:  it 
contains  the  colouring  matter  and  probably  a  little 
alum  in  suspension.  The  liquor  is  decanted  into 
a  copper  of  the  same  size  as  the  first,  and  being 
placed  over  a  fire,  the  fish-glue  is  added :  this  must 
be  previously  dissolved  in  ;i  1  i  ^  ■  i[.:  minv  cii'  water 
and  strained.    At  the  m-M^    '    1    ;  Ins  the 

carmine  rises  to  the  surfiir.- ,         .  fumed. 

The  copper  must  be  inst:iiiti_,  iLinuMd  li,::!  the  fire 
and  its  contents  be  stin-ed  with  a  spatula.  In  15  or 
20  minutes  the  carmine  is  deposited :  the  supernatant 
liquor  must  then  be  decanted,  and  the  deposit  of 
carmine  drained  upon  a  filter  of  fine  canvas  or  linen. 
The  carmine  ought  to  crush  readily  under  the  fingers. 
The  liquor  after  the  precipitation  of  the  carmine 
is  still  charged  with  colour,  and  may  be  employed 
for  making  carminated  lakes,  (also  called  Lake  of 
Florence,  Paris,  or  Vieiuia.)  For  this  purpose  newly 
precipitated  alumina  is  added  to  the  liquor,  the  mixture 
is  stirred,  and  heated  a  Kttle,  but  not  too  much.  When 
the  aliunina  has  absorbed  the  colour,  the  mixture  is 
allowed  to  settle  and  the  liquor  is  drawn  off.  . 

The  process  of  Alxon  or  Laiiglois  is  thus  described  : 
Raise  30  pints  of  river  water  to  the  boiling  point : 
then  throw  in  I  lb.  of  cochineal,  and  add  a  filtered 
solution  of  6  drachms  of  carbonate  of  soda  and 
lib.  of  water:  let  the  mixture  boil  for  half  an  hour; 
remove  the  copper  from  the  fire  and  let  it  cool, 
inclining  it  on  one  side.  Add  G  drachms  of  pul- 
verized alum,  stir  with  a  brush  to  quicken  the  solu- 
tion of  the  salt,  and  let  the  whole  rest  20  minutes. 
Tlie  liquor,  which  has  a  fine  scarlet  colour,  is  to  be 
carefully  decanted  into  another  vessel :  the  whites  of 
2  eggs  well  beaten  up  with  half  a  pound  of  water 
are  to  be  added  and  stirred  up  with  a  brush.  The 
copper  is  again  to  be  placed  on  the  fire,  when  the 
alumina  concreting  will  carry  the  colouring  matter 
with  it.  The  copper  is  to  be  removed  from  tlie  fire 
and  left  at  rest  for  25  or  30  minutes,  to  allow  the 
carmine  to  fall  down.  "WTien  the  supernatant  liquor 
is  drawn  off,  the  deposit  is  placed  upon  a  cloth  Idter 
stretched  upon  a  frame,  to  drain.  When  the  carmine 
has  tlie  consistence  of  cream  cheese  it  is  removed 
from  the  filter  with  a  silver  or  ivory  knife,  and  set  to 
dry  upon  plates  covered  with  paper  to  secure  it  from 
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dust.  By  this  process  a  pound  of  cochineal  gives  an 
ounce  and  a  half  of  carmine. 

The  process  of  Madame  Cenette  of  Amsterdam,  is 
said  to  afford  an  article  of  such  extraordinary  lustre 
as  to  fatigue  the  eye.  Into  6  pails-full  of  boiling- 
hot  river  water,  throw  21bs.  of  the  finest  cochineal  in 
powder;  continue  the  ebullition  for  2  liours,  and 
theu  add  3  oz.  of  refined  saltpetre,  and  after  a  few 
moments  i  oz.  of  salt  of  sorrel  (biuoxalate  of  potash). 
In  10  miuutes  more,  take  the  copper  from  the  fire 
and  let  it  settle  for  4  hours  ;  then  draw  off  the  liquor 
with  a  siphon  into  flat  glazed  earthen  vessels,  and  leave 
it  there  for  3  weeks.  There  is  formed  upon  the  surface 
a  pretty  thick  moiddiiiess,  which  is  to  be  removed  dex- 
terously in  one  pellicle  by  a  slip  of  whalebone.  Should 
the  film  tear,  and  fragments  of  it  fall  down,  thoy  must 
be  removed  with  the  utmost  care.  Then  decant  the 
supernatant  water  by  means  of  a  siphon,  the  end  of 
which  may  touch  the  bottom  of  the  dish,  because  the 
layer  of  carmine  is  very  firm.  Whatever  water  remains 
must  be  biiclvL-d  ;i«,ty  by  a  pipette.  The  carmine  is 
till  I.I'm'     'i     1  iu  the  shade.' 

^  I         (if  carmine  are  prepared  for  the 

II  I  ■   i      111  lilt  rouge  on  their  cheeks.    The 

M  11  ill;  Mill  theatres  is  prepared  by  pounding 
bLii'uiii,  U'd  sandal  wood,  Brazd  wood  and  alum  in 
brandy.  The  mixtui'e  is  then  boded  until  three-fourths 
of  the  liquid  has  evaporated :  a  paint  of  an  intense 
red  colour  remains,  and  this  is  applied  to  the  face  with 
a  piece  of  soft  cotton.  Vinegar  is  sometimes  substi- 
tuted for  the  brandy ;  but  as  both  fluids  injure  the 
skin,  the  coloui-ing  matter  is  sometimes  extracted 
from  the  dye-woods,  and  unguents  formed  therewith,  by 
means  of  balm  of  Mecca,  butter  of  cacao  or  spermaceti. 
If  the  colour  he  too  intense  it  is  mixed  with  chalk. 

Uouge  dishes  arc  small  saucers  containing  a  layer  of 
dry  rouge.  Those  which  are  prepared  in  Portugal 
probably  contain  genuine  carmine  :  clumsy  imitations 
of  these  dishes  are  prepared  in  London. 

Spanish  wool  and  oriental  wool  are  also  rouge  vehi- 
cles. Wool  is  impregnated  with  the  colour,  and 
formed  into  cakes  about  the  size  of  a  crown-piece  by 
the  Spaniards,  aud  somewhat  larger  by  the  Chinese  : 
the  latter  is  most  esteemed,  since  it  affords  (in  the 
language  of  a  modern  pharmacopist)  "  a  most  lovely 
aud  agreeable  blush  to  the  cheek." 

Beautif  idly  painted  &xiA.]s.fXimad,colottr-boxes  are  also 
imported  from  China.  Each  box  contains  21  papers,  and 
in  each  paper  are  3  smaller  ones,  namely,  a  "  lovely 
blushing  red  "  for  the  cheeks,  an  "  alabaster  white  "  for 
the  face  and  neck,  and  a  "jet  black"  for  the  eyebrows. 

Erench  carmine  is  superior  to  that  of  Enghsh  manu- 
facture, and  the  superiority  is  said  to  depend  on 
the  influence  of  li^ht  on  its  formation  and  precipita- 
tion;  the  cli  1  '.  I  r  (',-  iiiitli  of  Erance  being 
more  favou;''  i   s  than  the  more  hazy 

atmosphciv  nl  1  i,  I  i;  :  :i,  subject  Sir  Humphry 
Davy  relates  i  'i-  !■  V  v,  ir:  ,-  nmlote  : — "  A  manufac- 
turer of  carmine,  wlio  was  aware  of  the  superiority  of 
the  French  colour,  went  to  Lyons  for  the  purpose  of 
iinprovmg  his  process,  and  bargained  with  the  most 


celebrated  manufacturer  in  that  capital  for  the  acqui- 
sition of  his  secret,  for  which  he  was  to  pay  a  thou- 
sand pounds.  He  was  shown  all  the  processes,  aud 
saw  a  beautiful  colour  produced ;  yet  he  found  not 
the  least  difference  in  the  Erench  mode  of  fabrication 
and  that  which  he  had  constantly  adopted.  He 
appealed  to  the  manufactui-er,  and  insisted  that  he 
must  have  concealed  something.  The  manufacturer 
assured  him  that  he  had  not,  and  invited  him  to  see 
the  process  a  second  time.  He  minutely  examined 
the  water  and  the  materials,  which  were  the  same  as 
his  own,  and,  very  much  surprised,  said,  '  I  have  lost 
my  labour  and  my  money,  for  the  air  of  England  does 
not  permit  us  to  make  good  carmine.'  '  Stay,'  says 
the  Frenchman,  '  do  not  deceive  yourself.  What  kind 
of  weather  is  it  now?'  'A  bright  sunny  day,'  said 
the  Englishman.  '  And  such  are  the  days,'  said  the 
Frenchman,  '  on  which  I  make  my  colour.  Were  I 
to  attempt  to  manufacture  it  on  a  dark  or  cloudy  day, 
my  result  would  be  the  same  as  yours.  Let  me 
advise  you,  my  friend,  always  to  make  carmine  on 
bright  aud  sunuy  days.'  '  I  wU),'  says  the  EngHshmau ; 
'  but  I  fear  I  shall  make  very  little  in  London.'  "  ' 

CAEPENTRY,  the  art  of  framing  timber  for  the 
purposes  of  architecture,  machinery,  and  all  structures 
in  which  any  considerable  weight  or  pressure  is  to  be 
supported. 

The  carpenter  who  wishes  to  understand  the  me- 
chanical iirinciples  upon  which  his  art  depends,  must 
make  himself  acquainted  with  the  general  laws  which 
regulate  the  composition  and  resolution  offerees.  The 
following  are  Ulustrations  of  this  important  branch 
of  mechanical  science. 

If  a  body,  or  a  portion  thereof,  be  at  the  same 
time  pressed  by 

the  directions 
of  the  two  lines 
AB,  AC,  Fig. 
479;  and  if  the 
lengths  of  these  lines  be  in  the  proportion  of  the  in- 
tensities or  magnitudes  of  the  two  forces ;  the  body  is 
affected  in  the  same  manner,  as  if  it  were  pressed  by 
a  single  force  acting  in  the  direction  a  d,  which  is 
the  diagonal  of  the  parallelogram  a  b  c  d,  havmg  for 
its  adjacent  sides  the  two  lines  a  b,  a  c.  And  fm-ther, 
the  uitensity  or  magnitude  of  this  single  force  (or 
resultant,  as  it  is  termed,)  will  bear  the  same  propor- 
tion to  the  two  original  forces,  that  the  length  of  the 
line  A  D  does  to  the  lengths  of  the  two  lines  a  b,  a  c. 
This  is  called  the  composition  of  forces. 

Hence,  also,  a  single  force  or  pressure  aetmg  in  the 
direction  a  d,  and  represented  in  magnitude  by  the 
length  of  the  Knc  a  d,  may  be  resolved  into  two  other 
forces,  acting  in  the  du-eetions  a  b,  a  c,  and  repre- 
sented iu  magnitude  by  the  lengths  of  the  lines  a  b 
and  A  c  respectively ;  the  lines  a  b,  a  c,  being  the  ad- 
jacent sides  of  any  parallelogram,  of  which  ad  forms 
the  diagonal.     This  is  called  the  resolution  of  forces.^ 


(3)  Si 


the  threads  will  a 


means  of  a  couple 
some  weights.  To 
the  threads  Ar/,  A  Fi, 
andAEc,  Fig.  480, 
attach  the  weights 
b,  d,  c,  aud  let  two 
of  the  threads  be 
passed  over  the  pul- 
leys F,  and  E.  The 
knotAwillbedi-awn 
in    the    directions 

AT!,     AC,    AK.       If 

the  sum  of  the 
weights  b,  and  r, 
be  greater  than  the 
single  weight  d; 
^i  themselves  into  a  certain 
determinate  form :  if  the  knot  \  be  pulled  out  of  its 
place,  it  will  return  to  it  again,  and  will  not  rest  in 
any  other  position.  If,  for  example,  the  three  weights 
be  equal,  the  threads  will  always  make  equal  angles 
of  120°  each,  round  the  knot.  If  one  of  the  weights 
be  3  pounds  or  ounces,  &c.,  another  i,  and  the  third 
5  ;  the  angle  opposite  to  the  thread  stretched  by 
5  pounds  or  ounces,  &c.  will  always  be  square. 
When  the  knot  a  is  thus  in  equilibrio,  we  must  sup- 
pose that  the  action  of  the  weight  d  in  the  direction 
Kd,  is  in  dii-ect  opposition  to  the  compounded  action 
of  i  in  the  direction  a  b,  and  of  c  in  the  direction 
AC.  If,  therefore,  we  produce  (/a  to  any  point  d, 
and  make  a  d,  on  any  scale  of  equal  parts,  to  repre- 
sent the  magnitude  of  the  force  or  pressure  exerted 
by  the  weight  d ;  the  pressures  exerted  on  a  by  the 
weights  b,  and  c,  in  the  directions  a  b,  a  c,  are  equiva- 
lent to  a  pressure  acting  in  the  direction  a  d,  whose 
intensity  is  represented  by  a  d.  If  we  now  measure 
off  by  the  same  scale  on  a  p  aud  a  e,  the  lines  a  b 
aud  AC,  having  the  same  proportions  to  ad  that 
the  weights  b  and  c  have  to  the  weight  d,  and  if  we 
draw  D  B,  and  d  c,  we  shall  find  d  c  to  be  equal  and 
parallel  to  a  b,  and  d  b  equal  and  parallel  to  a  c,  so 
that  A  D  is  the  diagonal  of  the  parallelogram  ab  d  c. 
This  will  always  be  the  case,  whatever  weights  be 
used,  only  the  weight  d  must  be  less  than  the  sum  of 
the  other  two :  if  any  one  of  the  weights  exceed  the 
sum  of  the  other  two,  it  will  prevail,  and  di-ag  them 
along  with  it.  Now,  as  the  weight  d  just  balances 
an  equal  weight  g,  pulling  directly  upwards  by  the 
intervention  of  the  p\dley  g,  and  as  it  just  balances 
the  weights  b,  and  c,  acting  in  the  dii-ection  a  b,  a  c  ; 
we  infer  that  the  knot  a  is  affected  in  the  same 
manner,  by  those  two  weights  or  by  the  single  weight 
g,  and  therefore,  that  two  pressui-es  acting  in  the 
dii-ections  and  with  the  intensities  a  b,  a  c,  are  equi- 
valent to  a  single  pressure  having  the  direction  and 
proportion  of  a  d.  So  also  the  pressures  represented 
by  A  B,  AK,  are  equivalent  to  a  it,  which  is  equal  and 
opposite  to  A  c.  Also  a  k  and  a  c  are  equivalent  to 
A  I,  which  is  equal  and  opposite  to  a  b. 

To  apply  this  composition  of  pressures  to  a  case  of 
construction: — Suppose  an  upright  beam  B A  to  be 
pushed  in  the  direction  of  its  length  by  a  load  b  ;  that 


this  beam  abut  on  the  ends  of  two  beams,  AC,  ad, 
wliich  are  firmly  resisted  at  their  extreme  points  c 
and  D,  by  resting  on  two  bloclcs :  these  tv.'o  beams 


can  only  resist  in  the  directions  c  a,  da,  and  there- 
fore the  pressures  which  they  sustain  from  the  beam 
B  A,  are  in  the  directions  a  c,  a  D.  To  ascertain  how 
much  each  sustains,  produce  b  a  to  e,  taking  a  e  from 
a  scale  of  equal  parts,  to  represent  the  number  of  tons, 
pounds,  or  other  units  of  weight  in  the  load  b,  by 
which  b  A  is  pressed.  Draw  e  r  and  e  g  parallel  to 
A  D  and  A  c ;  then  a  f  measured  on  the  same  scale  will 
give  the  number  of  pounds  or  other  assumed  units, 
which  acts  as  a  compressing  or  crushing  force  on  a  c, 
and  A  G  win  give  the  thrust  ou  a  d.  The  length  of 
A  c  or  A  D  has  no  influence  on  the  thrust  arising  from 
the  pressm-e  of  b  a,  the  directions  remaining  the  same ; 
but  the  effects  of  this  thrust  are  modified  by  the  length 
of  the  piece  on  which  it  is  exerted.  This  force 
compresses  the  beam,  and  wiU  therefore  compress  a 
beam  of  double  length  twice  as  much,  and  this  may 
change  the  form  of  the  combination.  If  ac,  for 
example,  be  much  shorter  than  a  d,  it  ^viIl  be  much 
less  compressed  •  the  piece  c  a  will  turn  about  the 
centre  c,  while  d  a  will  hardly  change  its  position ; 
aud  the  angle  cad  will  become  more  open,  the  point 
A  sinking  down.  The  change  of  shape  resulting  from 
these  mutual  pressures  requires  to  be  carefully  studied, 
for  by  such  a  change  strains  may  be  produced  in  places 
wher&  there  were  none  before,  and  may  tend  to  break 
the  beams  across.  The  dotted  lines  show  another 
position  of  the  beam  a  d".     This  greatly  increases  the 


)'  and  A  c.     That   < 


sented  by  a  g',  is  almost  doubled,  and  that  o 
now  shown  by  a  r'  or  g'  e,  instead  of  by  a  p  or  g  e, 
is  nearly  four  times  greater  than  before.  Thus  a  very 
moderate  force  a  e  may  produce  an  enormous  strain, 
when  it  is  exerted  on  a  very  obtuse  angle. 

Figs.  482,  483,  will  show  how   the  same  thnisfs 
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piece  AE,  joggled  on  the  two  beams  AC,  A.D,  and 
performing  the  office  of  an  ordinary  king-post,  as  in 
Fig.  4S3.  It  will  of  course  be  seen  tliat  the  pro- 
portions of  tlicsc  forces  will  be  the  same,  if  tlie  system 


be  inverted,  and  each  beam  be  strained  or  pulled  in 
the  opposite  direction ;  that  is  to  say,  if  the  thrusts 
be  converted  into  strains  or  tensions.  Thus  the  rope 
and  weight,  or  loaded  beam,  instead  of  being  supported 
by  two  struts,  as  in  Figs.  481,  482,  483,  may  be 
upheld  by  a  framing  such  as  in  Fig.  484.  Here  the 
l)atteu  D  A  is  stretched  by  a  force  a  g,  and  tlie  piece 
A  c  is  compressed  by  a  force  a  p.  The  magnitudes  of 
these  forces  remain  unaltered,  but  one  of  them,  a  g, 
is  converted  from  a  thrust  into  a  strain. 

By  changing  the  form  of  this  framing,  as  in  Fig. 
485,  we  produce  the 
same  residt  as  in  the 
system  represented 
by  the  dotted  Uues, 
Fig.  481,  and  the 
->.._  forces  acting  on  both 
.—-''^  the  battens  ad,  ac, 
are  now  greatly  in- 
creased. In  short,  the  more  open  the  angle  c'ag 
against  which  the  push  is  exerted,  the  greater  are  the 
forces  which  are  brought  on  the  stmts  or  ties  forming 
the  sides  of  the  angle. 

Should  there  be  any  difficulty  in  ascertaining 
whether  a  piece  is  compressed  or  extended,  whether  it 
is  a  slnd  or  a  tie,  we  must  consider  whether  a  rope 
coidd  be  employed  in  its  place  or  not.    Thus,  iu  Fig. 


and  manifestly  could  not  be  replaced  by  a  rope.  If 
AC  be  placed  in  the  position  represented  by  the  dotteil 
lines,  tlie  compression  of  ad  is  now  ag',  aud  the  force 
stretching  ac'  is  now  af',  both  much  greater  than 
tliey  were  before.  This  system  is  similar  to  that 
shown  by  the  dotted  lines  Fig.  487.  There  wiU 
I  doubt  which  of  these  several  pieces  are  subject 
to  tension,  and  which  to  compression,  a  c  and  a  c', 
tSO,  AD,  AC,  and  a  C,  Fig.  487,  could  be  replaced 
by  ropes,  and  are  therefore  extended,  a  d.  Fig.  480, 
could  not,  and  is  therefore  compressed. 

"•j.  487  is  the  inversion  of  Fig.  482 ;   and  the 
dotted  position  a  c',  by  opening  the  angle  cad,  leads 
to  the  same  changes  as  are  described  in  reference  to 
;gs.  481,  485. 

Such  are  the  chief  varieties  in  the  bearings  of 
three  pieces  on  one  point.  "  All  calculations  about 
the  strength  of  carpentry  are  reduced  to  this  case ; 
for  when  more  ties  or  braces  meet  in  a  point,  (a  thing 
that  rarely  happens,)  we  reduce  them  to  three,  by 
substituting  for  any  two  the  force  which  results  from 
their  combination,  and  then  combining  this  with 
another,  and  so  on." 

The  following  rule  may  be  given  for  distinguishing 
between  a  strut  aud  a  tie  : — From  the  point  on  which 
the  straining  force  acts,  draw  a  line  in  tlie  direction 
iu  which  tins  force  would  move,  if  left  at  liberty. 
Then  if  this  line  fall  within  the  angle  formed  by  the 
two  supporting  pieces,  both  pieces  are  compressed. 
If  it  fall  within  the  angle  formed  by  producmg  the 
directions  of  the  supporting  pieces,  then  both  are 
extended.  If  it  fall  within  the  angle  formed  by  one 
piece  and  the  direction  of  the  other  produced,  then 
the  piece,  the  direction  of  which  was  produced  to 
form  the  angle,  is  extended,  and  the  other  piece  is 
compressed. 

By  scientific  reasonings  such  as  these.  Professor 
Robison'  w?5  the  first  to  raise  carpentry  from  a 
mechanical  art  to  the  rank  of  an  applied  science.  For 
further  information  we  must  refer  to  his  valuable 
work,  and  also  to  that  of  Tredgold,'  and  pass  on  to 
a  few  general  remarks  before  we  close  our  brief 
examination  of  the  principles  of  carpentry. 

Since  a  triangle  is  the  only  figure  wliieh  cannot 
change  its  form  without  altering  the  proportions  of 
its  sides,  all  frame-work  should  be  arranged  in  a 
triangular  system,  or  be  divided  into  triangles,  by 
ties  and  stmts. 

When  a  system  of  framing  is  employed  to  augment 
the  strength  of  a  single  beam,  such  a  combination  is 
called  a  truss,  and  the  beam  itself  is  said  to  be 
trussed. 

As  a  general  rule  in  carpentry,  the  stiffness  or 
resistance  to  cliangc  of  form  of  any  framework,  is  of 
"■reater  importance  than  the  comparative  strengtli; 
which  last  can  be  more  easily  ensured,  by  increase  ol 
or  additions  to  the  strength  of  parts. 

But  as  an  nniversal  axiom  it  must  be  remembered. 


that  the  strength  of  no  system  of  framing  can  exceed 
that  of  its  Weakest  point. 

Here  we  may  distinguish  between  the  carpenter, 
and  the  joiner.  The  carpenter  frames  and  puts 
together  roofs,  partitions,  floors,  and  other  essential 
parts  of  the  building.  The  joiner  only  commences 
where  the  carpenter  leaves  off,  by  supplying  and 
fittmg  stairs,  cupboards,  furnitm-e,  and  other  parts, 
necessary  but  not  essential  to  the  building. 

The  next  branch  of  carpentry  to  which  we  shall 
devote  a  brief  glance,  is  that  of  Joints.  These  may 
be  classed  as — 

1.  Joints  for  lengthening  timbers,  by  connecting 
pieces  end  to  end. 

2.  Framing  and  bearing  johits  used  in  trusses, 
floorings,  &c. 

3.  Joints  for  ties  and  braces. 

Timbers  may  be  connected  lengthwise,  where  neat- 
ness is  not  an  object,  by  simply  bringing  the  two 
beams  end  to  end,  placing  a  short  piece  on  each  side, 
and  bolting  through  these  short  pieces  and  the  main 
beams.  This  form  of  joint  is  not  neat,  but  it  is 
simple,  and  if  bolts  and  straps  are  well  applied,  it  is 
as  good  to  resist  transverse  as  longitudmal  strains. 
Ship-carpenters  call  it  "fishing"  a  beam. 

l?ut  where  neatness  is  an  object,  beams  are  con- 
nected longitudinally  by  scarfwg.  In  this  case  half 
of  the  substance  of  each  beam  is  cut  away  for  a 
certam  length,  and  the  cut  portions  being  brought 
together,  are  fastened  by  screws,  bolts,  straps,  or 
wedges.  In  designing  the  scarf,  due  regard  must 
be  had  to  the  nature  of  the  stram  the  piece  is  in- 
tended to  resist,  whether  longitudinal,  transverse,  or 
both  combined.   ■ 

The  common  scarf  joint.  Pig.  4SS,  is  made  by 
_l_l .    merely  halving  each  piece  of 

N  LU  ^  timberforacertainlength,and 

• — LL' '  then  boltmg  or  strapping  the 

'*■      ■  two  pieces  together.  This  has 

evidently  no  strength  in  resistmg  longitudinal  strains, 
beyond  that  of  the  bolts  and  the  adhesion  or  friction 
between  the  two  timbers  which  they  may  cause.     But 
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more  elaborate  joints  may  be  made,  (see  Figs.  4S9 
to  493,)  in  which  the  resistance  of  the  wood  to 
splitting  is  brought  in,  either  with  or  without  bolts,  to 


bear  the  strain.     Figs.  491  and  493,  are  good  e 
amplcs  of  this  kind  of  joint.     These  are  to  be  drav 
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r  when  made  by  a  key  or  by  double  wedges, 
key  is  shown  in  the  middle  of  the  joint  493, 
place  is  mdicatcd  by  dotted  hues  in  491.  Sucu 
might  be  used  without  bolts  or  straps,  but 
e  far  safer  with  them. 

494,  shows  the  French  scarf  called  "  traits  de 
,"  from  its  fancied  resemblance  to  the  form  of 
of  lightning.  This  figui'e  shows  the  mode  of 
ig  bolts  and  straps.  If  such  a  joint  were  made  to 


resist  a  transverse  and  downward  strain,  it  would  be 
better  to  terminate  the  upper  and  right-hand  end  of 
the  scarf  by  a  plain  butt  end,  of  half  the  depth  of  the 
timber,  to  omit  the  indents  on  each  side  of  the  centre, 
and  apply  a  key  or  folding  wedges  to  the  middle 
indent,  making  a  half  dove- 
tail to  the  lower  and  left- 
hand  end  of  the  scarf.  The 
reason  of  this  change  will 
be  obvious,  if  we  remem- 
ber, that  with  a  transverse 
strain  the  upper  surface  is 
only  compressed,  and  the 
lower  surface  oidy  extended. 
The  right-hand  strap  might 
also  in  such  case,  be  advan- 
tageously removed  to  the 
jilacc  of  the  left-hand  bolt. 
Figs.  495,  496,  show  lon- 
gitudinal joints  which  may  ^'^'  '"'"  ^'^'  ^'^^' 
be  used  where  a  vertical  pressure  only  is  to  be  borne, 
The  joint  is  made  very  short,  as  the  only  object  Ls  to 
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keep  the  two  pieces  in  the  same  line.  In  Fig.  496,  I  prevent  lateral  displacement,  the  feet  of  the  principal 
the  end  of  each  piece  is  divided  into  nine  squares,  rafters  of  a  roof  are  tenoned  into  the  tie-beam  (Fig, 
Five  of  these  being  cut  away  in  one  piece,  and  the  497).  As  the  pressure  in  this  case  is  very  obKque  to 
four  alternate  squares  in  the  other,  the  two  ends  fit 
into  one  another. 

A  common  method  of  scarfing  bond  and  wall  plates 
is,  to  cut  about  three-fifths  through  each  piece  on  the 
upper  face  of  the  one  and  the  under  face  of  the  other, 
about  G  or  8  inches  from  the  end,  transversely,  form- 
ing what  is  called  a  ierf;  and  longitudinally  from 
the  end,  from  two-fifths  down  on  the  same  side ;  so 
that  the  pieces  lap  together  like  a  half  dovetail. 

The  foEowing  brief  summary  of  practice,  in  scarf 
johits,  is  taken  from  Barlow's  "  Tredgold's  Carpentry." 

The  length  of  the  scarf  should  be,  if  bolts  ai-e  not 

In  oak,  ash,  or  elm,  six  times  the  depth  of  the 

In  fir,  twelve  times  the  depth  of  the  beam. 

If  bolts  and  indents  are  combined,  the  length  of 
the  scarf  should  be — 

In  oak,  ash,  or  ehn,  t^\  ice  the  depth  of  the  beam. 

In  fir,  four  times  the  depth. 

In  scarfing  beams  to  resist  transverse  strains,  straps 
di-iven  on  tight  arc  better  than  bolts. 

The  sum  of  the  areas  of  the  bolts  should  not  be 
less  than  one-fifth  the  area  of  the  beam,  when  a 
longitudinal  strain  is  to  be  borne. 

No  joint  should  be  used  in  which  shriidcage  or 
expansion  can  tend  to  tear  the  timbers. 

No  joint  can  be  made  so  strong  as  the  timber 
ilseU'. 


Fiamiug  joints  are  those  used  in  the  construction 
of  trusses,  roofs,  centi'es  for  bridges,  &c.  They  are  '  A  very  short  tenon,  called  sometimes  a  shib-lcnoa,  is 
universally  made  on  the  principle  of  a  (enoii  and  used  at  the  feet  of  upiights  in  partitions  and  bearers 
mortise,  that  is,  one  of  the  pieces  to  be  joined  is  cut  for  floors  (Fig.  50-3). 
away  so  as  to  leave  a  small  projection  termed  a  tenon, 
and  a  corrcspomUng  cavity,  called  a  mortise,  is  formed 
in  the  other  piece  to  receive  this  tenon. 

The  tenon  may  be  veiy  short,  so  as  not  to  pass 
through  the  other  piece,  as  shown  in  Figs.  498,  and 
501.  The  use  of  such  a  tenon  is  only  to  prevent  any 
lateral  motion  in  the  pieces  joined  together.  Such 
a  joint  would  be  made  at  the  connexion  of  a  king-  or 
queea-post  witli  the  principal  rafters,  (Figs.  499,  500, 
upper  parts  of  the  figures),  or  of  the  king  and  queen- 
posts  with  the  struts,  (see  the  lower  parts  of  the  same 
figures.)  The  ends  of  king- and  queen-posts  are  usually  When 
tenoned  into  the  tie-beams.     With  a  similar  view,  to    placement,  but  also 


from  their  mortises,  they  must,  be  jt)!«;;c</ mi  ',  ' 
An  .lak  pm  or  trenail,  or  an  iron  bolt,  111:1;.  i  '  - 

through  both  the  tenou  and  the  sides  of  11  , 

as  in  Figs  4-9S  and  501;  or  the  tenon  nm^  l.  .  ul  -i 
long  as  to  extend  quite  through  the  mortised  piece, 
and  have  a  cross  pin  passed  through  the  projeetin? 
part.  The  last  plan  is  commonly  used  in  oonuocting 
trimmers  or  bridging-joists  to  t!ie  girders  or  main- 
joists  in  floorings. 

Wedding  is  done  bj  making  the  tenon  long  enough 
to  pass  just  through  the  mortised  piece.  A  saw-cut 
is  made  in  the  projecting  part,  and  a  small  wedge 
bemg  driven  in,  the  end  of  the  tenon  is  expanded, 
and  cannot  be  again  withdrawn  from  the  mortise. 
If  the  piece  cannot  be  mortised  quite  through, /or- 
tail  wedging  may  be  adopted.  The  tenon  is  made  to 
fit  the  mortise  exactly  ;  two  cross  saw-cuts  are  made 
in  its  end,  and  small  wedges  are  put  loosely  into 
these.  When  the  tenon  is  driven  down,  tlie  wedges 
meet  the  bottom  of  the  mortise,  aie  forced  into  tlie 
tenon,  expanding  its  end,  and  the  whole  is  fixed  very 
fu-mly.  The  feet  of  king-  and  queen-posts  (sec  lower 
part  of  Pigs.  499,  600)  are  commonly  tenoned  into 
the  tie-beam.  Sometimes  the  tenon  is  cut  to  a  half 
dovetail  form,  and  the  mortise-hole  made  to  corre- 
spond. A  key  or  wedge,  driven  between  tlie  straight 
side  of  the  tenon  and  the  straight  side  of  the  mortise, 
forces  the  sloping  parts  together,  and  fixes  the  tenon 
m  its  place.  A  stirrup  or  strap,  such  as  shown  in 
Figs.  499,  500,  is  far  more  trastworthy  than  such  a 
joint,  however  well  made  at  first. 

Tenons  are  usually  made  one-third  of  the  thickness 
of  the  timber  they  are  cut  from. 

Framing  and  bearing  joints  shoidd  have  their 
bearmg  surfaces  as  large  as  possible,  and  cut,  if  pos- 
sible, at  right  angles  with  the  direction  of  the  pres- 
sme,  or  (where  one  piece  bears  in  the  du-ection  of  its 
length  upon  another)  in  a  circular  arc,  so  as  to  dis- 
tribute the  pressui-e  equally  over  the  bearing  surface. 

The  strength  of  a  structure  must  never  be  made 
to  depend  on  the  stiffness  of  joints,  but  solely  on  the 
arrangement  of  its  timbers.  No  joint  can  be  made 
so  good  as  by  its  own  stiffness  or  resistance  to  motion 
to  add  anythmg  to  the  strength  of  heavy  framing. 

Under  the  head  of  jomts  for  ties  and  braces,  -sve 
may  include  joints  m  wall-plates,  purlines,  &c.  Wall- 
plates  are  very  commonly  joined  by  dovetailing,  as 
shown  in  the  left-hand  figure  504 ;  but  they  are  much 
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!i:;:ikago  to  become  loose,  and  thus  throw  all  the 
II  I m  the  pins  or  bolts,  which  were  intended  only 
i^t  the  joint.  Dovetails  can  only  be  used  with 
a  Iv, Ullage  when,  as  in  joinery,  and  in  the  cases  shown 
in  Figs.  507  and  508  (left-hand  figure),  the  grain  of 
both  pieces  runs  the  same  way.  The  shrinkage  of 
one  then  counterbalances  the  contraction  of  tho 
other,  and  the  joint  remains  flnn.  Such  cases  rarely 
occur  in  carpentry. 


better  if  halved  together,  as  in  the  right-hand  figure, 
and  pinned  or  bolted  through.  Dovetail  joints  should, 
in  fact,  never  be  depended  upon  in  carpentry,  where 
the  grain  of  one  piece  of  wood  crosses  that  of  the 
other.  Timber  shrmks  far  more  across  the  grain 
than  in  the  direction  of  its  length :  therefore  dove- 
tails, however  well  made  at  first,  are  Uable  through 


Tie-beams  are  connected  to  wall-plates  by  cogging 
or  cocking.  A  shallow  notch  is  cut  out  of  the  under 
surface  of  the  beam,  of  the  width  of  the  wall-plate, 
and  a  similar  notch  cut  in  the  waU-plate,  to  receive 
the  beam.  The  two  notches  fit  together,  and  all 
motion,  longitudinal  or  transverse,  is  prevented.  Such 
a  joint  is  shown  in  Fig.  505  (left-hand  figure).  The 
right-hand  figui-e  shows  a  common  way  of  connecting 
flooriug-joists  with  trimmers  or  main  joists.     As  there 


is  seldom  iu  such  cases  any  great  force  tending  to 
tear  the  joists  from  the  trimmers,  the  dovetail  for.Ti 
may  suifice  for  all  that  is  wanted.  Such  a  joint  would 
do  for  a  brace  between  two  girders  or  main  joists, 
where  a  thrust  inwards  was  alone  to  be  apprehended. 


Fig.  509  shows  a  manner  of  fitting  in  a  brace  on 
each  side  of  a  beam.  This  joint  is  only  adapted  for 
pressure  inward.     If  any  force  tending  to  separate 
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the  pieces  Le  fcirn',  the  crg^ug  shown  m  Yi^  510 
may  be  iised 


Puiliues  aK'i/o/ch'd  down  on  the  piiueipal  rafters, 
as  sliown  iii  Fig.  505  (left-hand  figm-e). 

rig.  506  shows  another  application  of  the  dovetail 
joint,  to  which  tlie  remarks  already  made  will  also 
apply. 

Two  pieces  are  said  to  be  lapped  together,  wlieu  a 
portion  of  each  is  cut  away,  and  the  cut  surfaces 
brought  together,  as  in  Tig.  508. 

For  a  more  detailed  description  of  the  various 
joints  used  in  carpentry,  and  an  inquiiy  iuto  thoir 
respective  values,  see  Barlow's  "  Ticdgold's  Car- 
pentry," quoted  above. 

For  fui-ther  information  on  this  subject  we  refer 
to  the  articles  Floors  axd  Paktitioxs;  Joinery; 
Roof  ;  Timber  ; — and  to  the  sections  of  the  article 
Bridge  devoted  to  Centres  and  Timber  Bridges. 

The  following  definitions  of  some  of  the  most  im- 
portant tenns  used  in  Carpentry,  will  be  found  uscfid. 

Wall-pliites,  also  called  raising-plates ;  pieces  of 
timber  laid  on  the  wall,  in  order  to  distribute  equally 
the  pressure  of  the  roof,  and  to  bind  the  walls  together, 
{a,  a,  a,  a.  Figs.  511,  512). 

Tie-hcuni ;  {b  h.  Figs.  511,  512)  a  horizontal  piece  of 
timber  connected  to  two  opposite  principal  rafters : 
it  answers  the  double  pui-pose  of  preventing  the  walls 
from  being  pushed  out  by  the  thrust  of  the  roof, 
and  of  supporting  the  ceiling  of  the  rooms  below. 
When  placed  above  the  bottom  of  the  rafters  it  is 
called  a  collar-beam. 

Principal  rafters;  (c,  c,  c,  c,  Figs.  511,  512)  two 
pieces  of  timber  in  the  sides  of  the  truss,  supporting  a 
grated  frame  of  timber  over  them,  on  wMch  the  cover- 
ing or  slating  rests. 

Parlines;  {d,  d,  d,  d,  Figs.  511,  512)  horizontal 
pieces  of  timber  notched  on  the  principal  rafters,  and 
on  which  and  the  pole-plates  the  conunon  rafters  rest. 


Coramon  rafters  ;  {e,  e,  e,  e,  Figs.  511,  512)  pieces 
of  timber  of  small  section,  placed  equidistautly  upon 
the  pni-lines,  and  parallel  to  the  principal  rafters : 
they  support  the  boarding  to  which  the  slating  is 
fixed. 

Pole-plates;  {ff,ff.  Figs.  511,  512)  pieces  of 
timber  resting  on  the  ends  of  the  tie-beams,  and  sup- 
porting the  lower  ends  of  the  common  rafters. 

King-post;  {g.  Fig.  511)  an  upright  piece  of 
tmiber  in  the  middle  of  a  truss,  framed  at  the  upper 
end  into  the  principal  rafters,  and  at  the  lower  end 
iuto  the  tie-beam :  this  prevents  the  tie-beam  from 
sulking  in  the  middle. 

Struts ;  (//,  h,  h,  h,  Figs.  511,  512)  oblique  straining 
pieces  framed  below  into  the  king-posts  or  queen-posts, 
and  above  into  the  principal  rafters,  which  are  sup- 
ported by  them :  or  sometimes  they  have  their 
ends  framed  into  beams,  that  are  too  long  to  support 
themselves  without  bending.     They  are  often  called 

Queen-posts  ;  (i,  i.  Fig.  512)  two  upright  pieces  of 
timber  framed  below  into  the  tie-beam,  and  above 
into  the  principal  rafters ;  placed  equidistantly  from 
the  middle  of  the  tmss  or  its  extremities. 

Puncheons  ;  short  transverse  pieces  of  timber  fixed 
between  two  others  for  supporting  them  equally;  so 
that  when  any  force  operates  on  the  one  the  other 
resibts  it  equally,  and  if  one  break  the  other  will  break 
also.     These  aie  sometimes  called  studs. 


Straining-beam;  {k.  Fig.  512)  a  piece  of  timber 
placed  between  two  others  called  queen-posts,  at  (heir 
upper  ends,  iu  oulcr  to  withstand  the  thrust  of  the 
principal  laftcrs. 

Strainiug-cill ;  (/,  Fig.  512)  a  piece  of  timber 
placed  upon  the  tic -beam,  at  the  bottom  of  two 
queen-posts,  in  order  to  withstand  the  force  of  the 
braces  which  are  acted  upon  by  the  weight  of  the 
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sloping,  oil  tlie  upper  edge,  from  the  middle  towards 
each  end,  iu  an  obtuse  angle,  for  discharging  the 
water.  They  are  placed  above  the  straining-beam  iu 
a  truncated  roof,  for  supporting  the  boarding  on  which 
the  lead  is  laid:  their  ends  run  3  or -1  inches  above  the 
sloping  plane  of  the  common  rafters,  in  order  to  form 
a  roll  for  iixii.g  tlio  lead. 

Auxilhir'!  '■  '  ,  1  i  I  nf  timber  framed  in  the 
same  veil ii      i  I niueipal  rafters,  under, 

and  panilli  1    !■  i    i         i-.  in^'  additional  support. 

They  arc  suiulIuucs  i.illi  d  jno/cipal  braces,  and  some- 
times cusJuon-rafkrs. 

CARPET,  see  Weaving,  Sec.  v.     See  also  Ar- 

CARUTAGE,  see  Wheel  Caekiage. 

CAllTIIAMUS  or  Satflower,  the  petals  of  the 
Carthamus  Ihdoniis  or  Bastard  Saffron.  It  grows 
naturally  in  Egypt,  and  is  cultivated  largely  iu  Spain 
and  in  many  parts  of  the  Levant,  whence  it  is  cliicQy 
imported.  It  contains  a  red  colouring  matter  in- 
soluble in  water,  and  called  carlliamjine,  derived  pro- 
bably from  the  oxidation  of  a  peculiar  principle  exist- 
ing ill  the  petals  called  carthamine,  and  by  Dumas, 
carlhamoHS  acid.  When  a  weak  soda  solution  of 
carthamine  is  left  in  contact  with  oxygen,  it  first 
becomes  yellow  and  then  red,  and  ou  saturating 
this  red  liquor  with  citric  acid,  red  carthameine 
is  thrown  down.  When  air  is  excluded  the  alkaline 
solution  remains  colourless.  "The  affinity  of  cartlia- 
meiuc  for  cotton  and  silk  is  such,  tliat  when  it  is 
recently  precipitated,  those  substances  immediately 
combine  with  it,  and  become  at  first  rose-coloured, 
and  afterwards  of  a  fine  red,  so  that  they  may  be 
thus  dyed  without  the  intervention  of  a  niordnnt; 
the  stulis  so  dyed  are  rendered  yeUow  by  llic  alkalis, 
and  the  colour  is  to  a  certahi  extent  restored  by  the 
acids.  Carthameine  is  never  used  in  dyeing  wool. 
When  it  is  precipitated  from  concentrated  solutions, 
it  furnishes  a  liquid  paint,  which  evaporated  upon 
saucers,  leaves  a  residue  of  somewhat  metaUie  lustre, 
used  as  a  pink  dye-stuff,  and  which,  mixed  with 
finely  powdered  talc  and  dried,  constitutes  common 
rouge.'     [See  Cabmine.] 

Safllowcr  also  contains  a  yellow  substance  soluble 
in  water.  When  the  infusion  is  evaporated  it  leaves 
an  extract  very  soluble  in  water,  precipitated  by 
acids  and  soluble  in  alkalis.     It  is  not  reddened  by 

CARTRIDGE,  a  cylindrical  case  of  strong  paper, 
(manufactured  for  the  purpose,  and  hence  CiJled 
cartridge-paper,)  containing  a  charge  of  powder  only, 
(in  which  case  it  is  termed  Manic  cartridge,)  or  ball 
and  powder,  (iaW-cartridge,)  or  powder  and  shot. 
The  use  of  cartridge  is  to  expedite  the  loading  of 
small  arms.  Large  cartridges  for  cannon  and  mortars, 
containing  powder  only,  are  cased  with  flannel,  paste- 
board, or  wood.  Thin  sheet-lead  has  also  been  used, 
and  is  much  to  be  preferred  to  the  other  substances, 
which  arc  apt  to  leave  burning  particles  behind  in 


the  iiiece  after  it  has  been  fired,  thus  endangering 
the  persons  who  serve  the  gun.    Wire  shot  cartridges 
:hout  powder  arc  also  used.     They  consist  of  an 
icr  case  of  wire  net-work  inclosed  in  a  thin  paper 
ie,  to  the  outer  end  of  which  a  wadding  is  attached. 
The  shot  mixed  with  bone-dust  to  fill  up  the  inter 
stiecs  is  put  into  this  case,  wliicli  is  rammed  down 
upon  the  charge  of  powder.     •  'n  i.i  n :  iln'    -nu  the 
paper  case  is  immediately  l'  i  1   the 

shot  begin  to  pass  out  tlirn;i    .   \  of  the 

net-work,  which  is  carried  fur w.ikI  \\\\',\\  ail  llir.shot 
are  dispersed.  By  this  contrivaueo  the  charge  leaves 
tlic  liarrrl  like  a  bullet,  and  prevents  the  leading  of 
the  gun,=  and  lessens  the  recoil.  The  shot  are  also 
carried  so  much  more  closely  than  when  loose,  that 
lighter  charges  and  consequently  a  lighter  gun  may 
be  used ;  time  is  saved  in  loading,  and  as  the  cartridge 
has  no  tendency  to  move  until  the  gun  is  fired,  the 
danger  arising  from  the  accidental  shifting  or  risuig 
of  loose  charges  is  avoided. 

Mr.  Calfin  has  invented  a  machine  for  filling  car- 
tridges, wliich  consists  of  two  measures,  m  m.  Figs. 
513,  5M,  fixed  vertically  in  a  circular  plate  opposite 
to  each  other  with  an  axis  between  them,  on  which 
they  work  between  two  other  plates.  On  the  top 
plate  pp  a  hopper  h  is  fixed,  communicating  alter- 
nately with  tlie  measures  and  filling  them;  and  on 
the  opposite  side  iu  the  bottom  plate  p'  is  a  hole 
witli  a  spout  .5,  through  which  the  discharge  takes 
place.     The   plates   are   franuMl    to-.tlirr   by   three 


pillars  r  r,  having  double  adjusting  nuts  n  n  on  eacli 
to  regidate  tlie  distance  of  the  plates.  The  measures 
are  moved  by  a  liandle  or  lever  /,  the  motion  of 
which  is  limited  by  the  pins  a  a,  which,  while  it  pre- 
sents one  under  the  hopper  to  receive,  places  the 
other  immediately  over  the  discharging  hole  for 
delivery ;  so  that  the  two  operations  of  filling  and 
discharging  arc  going  on  at  the  same  time.  The 
bottom  of  each  measure  is  slightly  contracted  to 
retard  in  a  small  degree  the  discharge,  and  thus 
secure  the  fillmg  of  one  measure  before  the  other  is 
emptied.  A  hole  is  cnt  in  the  top  plate  over  the 
discharging  measure,  by  which  it  may  be  ascertained 
that  it  is  always  full,  as  well  as  that  the  whole 
contents   are   delivered.     A  boy  delivers  with  ease 


making  of 


CARVING  il  MACiriNEllY. 


12,500  measiires  daily  from  one  raacliii 
the  hopper  him^rlf  '  Thib  1 1  IniiL  v 
for  mtT   11  ' 

CVIv\  II  I 

tosi\c  (i  I 

Tvoodwoil,  nnil  it  iho  sun 
copies  without  lessening  the  \ 
Thii  ait  IS  mtendcd  to  pcil 
respect  to  the  nio^t  hi  uMnl 
caivei's  skill  as  cnpi 
finest  paintings  ot  I 

penni-!   confined  till 


c,  and  supplies 
ilso  available 


1  works  of 
,  .s,  aieyet 
1 1  unletteied 


\uth  the  pcimtiug  wlucli  it  upiebtuts,  nor  in  any  way 
cntei  mto  competition  with  it,  the  caivmg  by  ma 
chinery,  being  perforim  d  in  tlie  snnic  in  itcri  il  and 
with  almost  identic  1  i      1  / 

simi/e  of  the  oiigiii  I  li 

its  \  due      Makin,    !  1  it 

jet  leniams  evidmt  tl  It, 

not  invent,  and  thcicinu  tin  pn-^ili  m  i  f  the  oiijnnl 
desiguei  is  mamtamed,  while  his  woiks  aie  bettei 
known  to  fame  by  these  facilities  of  lepetition  It  is 
also  to  be  lemembeied  that  the  woik  of  the  nnchme 
IS  only  paitial,  and  thit  the  finer  details  are  still 
dehveied  o^ei  to  be  performed  by  hand  On  the 
whole,  theiefoie,  the  in\ention  of  woodcinm,'  b\ 
macluuciy  must  be  consideied  as  an  ad\iiit  igc  tu  tlit 
ait,  by  diffusing  moie  and  nioie  widely  a  tabfe  foi 
woiks  ot  this  kind,  by  allowing  the  laiest  and  best 
of  them  to  become  known,  and  also  by  giving  em 
plojment  to  a  laigei  numbei  of  aitibts  than  weie 
preMously  lequiied 

These  benefits  aic  chiifly  due  to  the  talent  and 
ingenuity  of  Mr  T  B  Jordan,  to  whom  the  gold  Isis 
medil  of  the  Societj  of  Aits  was  piesented  by  Hia 
Ko^al  Highness  Piince  Albert,  the  Piesidcut,  in 
lSJ-7,  foi  imentmg,  anan^nuff  md  bun^Mii^'  ml  3 
successful  opention  such  mil  i 

ot  ])ioducing  01  assibfnig  m  tl 
diss  of  caning,  so  as  to  Cf  i  \ 
fnim  which  the  mind  of  the  aiti 
liaud  execute 

PiCMously  to  Ml  Joidiu's  imention,  thcie  h  i  i 
been  mauy  attempts  of  a  similar  kind,  which,  fioin 
\\ant  of  economy  m  production,  oi  fiom  being  apjili 
cable  only  to  a  limited  class  of  subjects,  nc\  ei  came 
mto  geneial  use  The  only  machine  which  has  been 
successfully  apphed  is  one  foi  the  piodnclion  of  ivoiy 
mimatuies,  copied  fiom  full  sued  models  The  mode 
of  domg  this  IS  kept  a  seeiet  by  the  imcntoi.  Mi 
Che\eiton,   but  the  results   are  exqmsitc,  and  are 


suflieient  in  themsehes  to  show  that  works  of  high 
ait  may  be  successfully  cjpied  by  maehiucry  It  is 
coujectuied  that  the  means  by  which  these  reduced 
copies  aie  obtamed  is  somewhat  on  the  principle  of 
the  pautogiaph 

llie  dLscnption  which  f..llo^^b  \m11  assist  the  leader 
II  I  let  eaniiig  by 

I  i  1  il  I  i  \  11^  I  1  ^  ijunt  ol  vmdei 
eultuig  Is  lequiied,  appaiently  bejond  the  power  of 
any  machine  to  accomphsh,  we  quote  Mi  Joidius 
o\vn  anecdote  on  that  pomt  — "Oiu  method  of  le 
comphshmg  this  undeicuttnig  and  eaiMug  on  the 
loimd  I  canuot  beftei  exemphfy  than  by  teUmg  ^ou 
one  of  the  arguments  which  was  veiy  tiiumphantly 
us(  d  agamst  its  possibihty,  at  a  scientific  mettiug  at 
II  I  liad,  last  wintei,  where  I  exhibited  a  few 
|ccuncus  of  oui  ^^OIk  HaMng  assuud  a 
I  1  in  picsout  that  the  undeieuttiug  of  the 
1  cLii  len  he  was  exaimmng  was  done  on  the  machine, 
he  smiled,  and  said  '  No  that  is  not  possible ,  w  e 
cannot  get  a  gun  to  shoot  lound  a  hay  no\v  '  I 
repbed,  'Tiiie  but  if  the  engineer  takes  the  libeity 
of  turning  the  hay  mow  about  on  a  point,  will  not  a 
fixed  gun  pomt  to  every  corner  m  bucctssion'"' 
Thus,  whatevci  the  subject  may  be,  theie  is  pioMsion 
made  m  this  most  successful  mvention  foi  its  being 
completely  and  cleverly  copied,  the  high  finish  alone 
being  afteiw  ards  put  in  by  the  hand  of  the  expeiienced 


The  machine 


lal 


(l)T 


view,  and  Fig  516  a  fiont  cle\ation,  consists  of  two 
piincipal  parts  The  first,  oi  horizontal  part,  is 
the  bell pJate  and  floating  table,  on  which  the  work 
and  tlie  pattern  are  fixed,  all  the  motions  of  which 


CAIIVING  BY  MACUIXERY. 


are  horizontal.  Tlie  second,  or  verliciil  part,  is  that 
which  carries  the  tracing  and  cutting  tools,  the  only 
motion  of  which,  except  the  revolution  of  the  cutters, 
13  vertical.  If,  now,  the  vcrfi>:il  pnri  bo  i.bip.'d  in 
contact  with  the  horizontal,  wli  '  '  '  ".  ;  i  nvid 
about  horizontally,  in  aU  din vi;    :      ,   '  ,,,1  l.r 

dosciibed  on  the  latter  eorrcspiniii  n:  ■-  1,1.  ,!::.rii(m 
of  its  motion,  as  if,  in  drawing  with  a  lead  pencil,  the 
pencil  were  fiied,  and  the  paper  moved  about  against 
it.  Such  is  the  principle  of  Jordan's  machine.  Vic 
shall  now  describe  its  parts  separately. 

The  horizontal  part  consists  of  three  castings:— 
/Irs/,  the  bed-plate  A  B  c  D,  which  is  a  railway  perma- 
nently fixed  to  the  floor  of  the  shop,  and  made  per- 
fectly horizontal ;  secoml'i/,  a  carriage  or  frame,  i  J  K  I., 


times  a  minute  by  means  of  an  endless  band,  12,  driven 
by  steam.  The  model y^  is  fiicd  on  the  floating  table 


running  on  this  railway,  supported  by  foui-  wheels,  of 
which  only  two  are  seen,  jd;  third,  the  horizontal 
table,  M  N  0  p,  which  carries  the  work,  and  is  called 
the  jloating  table :  this  is  furnished  with  four  wheels, 
running  on  the  frame  u  k  l,  but  its  motion  is  at  right 
angles  with  the  motion  of  the  frame.  We  are  thus 
enabled  to  move  the  floating  table  either  laterally, 
on  its  own  wheels,  or  straight  forwards  or  backwards, 
by  the  frame  u  k  l,  and  thxis  bring  any  point  in  the 
floating  table  to  any  point  in  the  same  plane  with 
it.  The  workman  moves  the  floating  table  from 
right  to  left  with  his  left  hand  by  the  wheel  u,  and 
the  table  and  frame  are  both  moved  backwards  and 
forwards  with  his  right  hand  on  the  horizontal  wheel, 
as  shown  in  Kg.  515. 

The  second  or  vertical  part  of  the  machine  consists 
of  a  bridge  or  fixed  support,  12  3  4,  in  which  a 
bar,  5  6,  slides  up  and  down,  with  another,  7  S,  fixed 
to  it.  To  the  latter  are  attached  any  required 
number  of  mandrils,  9,  10,  11,  one  of  which  carries 
a  blunt  tool  or  tracer.  Fig.  517,  which  is  fixed,  and  the 
others  carry  each  a  cutting  tool.  Fig.  5  IS,  (calculated 
by  theii-  revolution  to  describe  the  shape  of  the  tracer.) 
These  tools  are  made  to  revolve  from  5,000  to  7,000 


material  to  be  e; 
cutters  and  tracer  are  adjusted  to  the  same  level, 
iiud  the  steam  is  tm-ned  on.  The  man  presses  on  the 
pidal  H  s,  which  acts  by  means  of  a  horizontal  bar 
carrying  two  pidlcys,  13  and  1-1,  on  the  slide,  and 
lowers  it  to  the  work.  There  is  generally  a  weight 
to  counterbalance  the  slide,  so  that  it  cannot  press 
licavicr  than  is  desirable.  15  is  a  stop  screw,  which 
regulates  the  range  of  the  slide,  to  which  it  is  fixed. 
It  passes  through  a  free  hole  in  the  bracket  16,  which 
serves  as  a  stop  to  the  locking-nuts  17,  and  these 
may  be  fixed  on  any  part  of  the  screw,  so  as  to 
determine  the  distance  through  which  the  ^lidc  shaU 
move.  In  very  large  macliin  ^  i!  !■  w'Mi.n.m  has  a 
greater  command  over  the  I!  '  '     i     1.,.  aus  of 

a  steering-wheel  u,  and  it  ?.  .  '1      ■      -.  across 

the  centre  of  the  lower  rollii)-  I'  1  ;■  ,  a::  I  !^  Imuishcd 
with  a  drum  3  or  4  inches  in  diameter,  about  which 
is  coiled  the  centre  portion  of  a  wire  lino  v  v,  while  its 
ends  are  fixed  to  screws  w  w,  which  pass  through 
sockets  cast  on  the  floating  table  ;  so  that,  by  turning 
the  steering-wheel  to  the  right  or  left,  a  corresponding 
motion  will  be  gi\ 

cogged  \ 

the  (1. ; 


given  to  the  work  just   inside  the 
and  on  the  same  axis  there  is  a  small 


>,,,,'  I  iiilo  its 

cogs,  'll  ^  !>■  1-  a  Vi,,,!:!!'  .:.>  in;;  '^\^■^  '  aial  detent 
for  the  other  motion;  but  the  detents  arc  only  vised 
when  straight  lines  in  one  dii-ection  are  required. 
The  workman  moves  the  floating  table  about,  so 
as  to  bring  every  part  of  the  pattern  under  the 
tracer,  and  as  the  slide  can  only  move  vertically, 
whenever  the  tracer  comes  to  a  depression  it  goes 
down,  and  the  cutters  cut  a  similar  depression  in  the 
blocks.  If  there  be  an  elevation  in  the  model,  it  lifts 
up  the  tracer,  and  with  it  the  cutters,  and  thus  an 
elevation  of  the  same  height  is  left  in  the  blocks ; 
and  in  this  way  the  work  proceeds,  the  tracer  gliding 
silently  over  the  model,  and  the  cutters  cutting  away 
with  some  noise  on  the  blocks,  until  the  pattern  is 
finished.  The  more  accurately  the  model  is  to  be 
copied,  the  more  delicate  are  the  fools  employed ;  but 
it  is  generally  desirable  to  perfect  the  work  by  hand, 
as  there  must  necessarily  be  little  dehcate  portiomi 
which  it  is  impossible  for  a  machine  to  perform  cor- 


CASE-HAKDENING— CASHMEllE. 


rectly.  Such  is  the  method  employed  in  common 
carving ;  but  when  a  large  amount  of  undercutting 
is  requii-cd,  some  modiflcations  of  the  machinery  are 
nei'essavy.  These  consist  either  in  placing  the  wood 
to  be  cut  between  two  centres  or  chucks  on  the 
floating  table,  and  turning  it  round,  so  as  to  get 
at  all  the  parts  iji  succession,  or  in  using  crooked 
tools  and  tracers,  something  like  inverted  mush- 
rooms, when  a  small  amount  only  of  undercutting 
is  reqiured.  As  a  proof  of  the  value  of  Mr. 
Jordan's  machine,  we  may  mention  that  the  beau- 
tiful aud  elaborate  wood-carving  which  adorns  the 
new  Houses  of  Parliament  has  been  produced  by 

CASE-HARDENING,  an  operation  of  great  im- 
portance in  the  arts,  whereby  a  thin  casing  of  steel 
is  given  to  iron,  and  the  steel  can  be  hardened  to 
that  particular  depth,  leaving  the  central  parts  in 
(heir  original  condition  of  soft  fibrous  ii'on  or  of  east- 
Steel  is  formed  by  the  chemical  combination  of  a 
small  proportion  of  carbon  with  iron.  In  case-hard- 
ening the  carbon  is  commmiicated  to  the  iron  by 
means  of  certain  animal  matters,  such  as  the  hoofs, 
horns,  bones  and  skin  in  a  chan-ed  or  coarsely 
pounded  state,  sometimes  with  the  addition  of  a  little 
salt.  The  works  to  be  case-hardened  should  be  sur- 
rounded on  all  sides  with  a  layer  from  i  to  1  inch 
thick. 

In  case-hardening  a  gun-lock,  for  example,  the  work 
0)  inserted  into  the  bone-dust  contained  in  a  sheet- 
iron  case;  the  lid  is  tied  on  with  iron-wire,  and  the 
joint  luted  with  clay :  it  is  then  heated  to  redness 
as  rapidly  as  possible,  and  kept  at  tliat  heat  for  half 
an  hour  or  an  hour.  The  contents  are  then  quickly 
unmersed  in  cold  water.  The  effects  intended  to 
be  produced  are  a  steely  exterior,  and  a  clean  sur- 
face covered  with  mottled  tmts  caused  probably  by 
oxidation. 

Some  malleable  iron-castings,  such  as  snuffers,  &c., 
are  case-hardened,  because  iu  that  condition  they  ad- 
mit of  a  better  polish.  They  should  be  left  iu  the 
burnt  bone-dust  at  a  dull  red  heat  about  2  or  3  hours, 
and  should  be  quenched  in  oil,  which  renders  them 
less  brittle  than  in  water.  Thin  articles  are  sometimes 
not  only  ease-hardened,  but  entirely  converted  into 
steel  of  an  inferior  kind,  wliieh  makes  them  very 
brittle. 

Eor  large  works  the  process  is  continued  from  2  to 
S  hours,  and  is  even  repeated  a  second  time  with  new 
materials.  In  some  cases  the  work  is  immersed  in 
water  directly  it  leaves  the  furnace:  ia  others  the 
box  is  allowed  to  cool  without  being  opened,  and 
the  pieces  are  hardened  by  a  subsequent  operation. 

[See  ANXE.U.IXG.] 

"Wbeu  the  case-hardening  is  required  to  terminate 
at  any  particular  part,  as  a  shoulder,  &c.,  the  object 
is  left  with  a  band  or  projection,  and  the  work  is 
allowed  to  cool  without  being  immersed  in  water,  the 
band  is  turned  off,  and  the  work  when  hardened  in 
the  open  fire  is  only  affected  where  the  case-hardened 
surface  is  left. 


A  salt  known  as  prussiate  of  potash  (C  j  +  N)  has 
of  late  years  been  used  for  case-hardening,  and  it 
shortens  the  time  required  for  the  process  from  hours 
into  minutes.  For  example,  the  iron  is  heated  in  the 
open  fire  to  a  duU  red-heat,  and  this  salt  is  either 
sprinkled  upon  it  or  rubbed  upon  it  in  a  lump :  the 
iron  is  then  returned  to  the  fire  for  a  few  minutes, 
and  then  immersed  in  water.  By  rubbing  the  salt 
upon  any  particular  part  of  the  article,  that  part  alone 
is  case-hardened.  By  this  process  the  case  of  steel 
is  exceedingly  thin,  and  it  is  even  said  to  be  not 
continuous. 

In  most  cases  the  tliickness  of  the  steel  does  not 
exceed  -j^th  inch,  nor  is  it  necessary  that  it  should  be 
thicker,  the  object  being  to  obtain  diuability  of  sur- 
face with  strength  of  interior.  The  steel  obtained  in 
this  manner  is  not  equal  to  that  which  is  converted 
and  hammered  in  the  usual  way.  [See  Ikon,  Sec.  vii.] 

CASHMERE,  a  beautiful  fabric  manufactured  in 
the  kingdom  of  Cashmere,  from  the  fine  wool  growing 
about  the  roots  of  the  hair  of  the  Thibet  goat.  Cash- 
mere shawls  have  a  wide-spread  fame,  on  account  of 
their  extreme  softness,  brilliancy,  and  elegance ;  and 
it  has  long  been  the  aim  of  European  nations  to 
imitate,  and  if  possible  to  equal  them,  applymg  to 
their  manufactm-e  the  more  speedy  aud  elaborate 
methods  which  modem  science  has  placed  within 
reach.  The  oriental  shawls  are  woven  by  an  extremely 
slow  process,  and  are  therefore  very  costly.  The  date 
of  the  manufacture  is  unknown,  but  these  shawls 
have  been  celebrated  ever  since  the  British  established 
themselves  in  India.  As  far  as  we  can  gather  from 
the  observations  of  various  writers,  the  Thibetiati 
wool,  being  imported  from  Thiliot  and  Tarfary  into 
Cashmere,  is  first  bleached  to  rid  it  of  a  greyish  hue 
wliieh  naturally  belongs  to  it,  then  spun  into  yarn  by 
women,  and  dyed  of  various  colours.  The  yarn  is 
nest  given  out  to  the  weavers  by  a  merchant,  who 
perhaps  enters  largely  into  the  shawl  trade,  and  en- 
gages a  number  of  shops  iu  which  men  work  for  him; 
or  else  he  supplies  a  certain  number  of  overseers 
called  Oostands  with  yarn,  delivering  to  them  at  the 
same  time  instructions  as  to  the  quality,  colour, 
patterns,  &c.  of  the  goods,  and  these  men  carry  on  the 
manufacture  at  their  own  houses,  with  the  help  of 
ordinary  weavers.  Tlie  Oostands  receive  six  or 
eight  pice  a  day  for  their  wages,  the  common  work- 
man from  one  to  four  pice,  the  value  of  a  pice  being 
about  three-haKpenee.  Thus  scantily  are  the  shawl 
weavers  of  Cashmere  rewarded,  while  the  fabric  they 
produce  has  often  been  sold  in  London  at  from  100/.  to 
400/.  the  shawl.  But  it  is  fair  to  state  that  the 
manufacture  of  a  remarkably  fine  and  elaborate  shawl 
will  sometimes  occupy  a  shop  for  a  whole  year,  two 
or  three  or  perhaps  four  persons  being  constantly 
engaged  on  it.  Plain  shawls  are  simply  woven  witli 
a  long  narrow  and  heavy  shuttle,  b>it  variegated 
shawls  are  worked  witli  wooden  needles  instead  of  a 
shuttle,  there  being  a  separate  needle  for  each  colour. 
In  some  of  the  richest  shawls,  scarcely  a  quarter  of 
an  inch  is  completed  by  three  persons  in  one  day. 
Sometimes,  in  order  to  hasten  the  process,  a  shawl  is 


made  iu  separate  pieces  at  different  looms,  and  tlie 
pieces  are  afterwards  sewed  together.  TMs  is  done 
with  great  dexterity,  so  that  it  is  not  immediately 
detected.  An  overseer  at  each  loom  superintends 
the  workmen,  and  if  the  pattern  be  new,  he  directs 
them  as  to  the  figures  and  coloui's,  keeping  before 
him  a  paper  pattern  of  the  device  which  is  to  ho  pro- 
duced, t  The  rough  or  inferior  side  of  the  shawl  is 
uppermost  on  the  frame,  nevertheless  the  pattern  is 
most  accurately  preserved  by  the  workers,  who  sit  on 
benches  while  so  employed.  The  shawls  are  made 
both  long  and  square,  the  former  generally  measuring 
5i  inches  wide,  and  12G  long,  the  latter  63  to  72 
inches  square.  They  are  exquisitely  soft  and  warm, 
surpassing  iu  these  respects  every  other  clothing 
material.  In  some  parts  of  Asia  these  shawls  are 
worn  just  as  they  come  from  the  loom  ;  but  all  those 
destined  for  India  are  carefully  washed  and  packed 
near  Lahore.  The  extent  of  the  manufacture  in 
Cashmere  has  been  difTcrently  stated :  some  years 
ago  there  were  said  to  be  16,000  looms  in  that  king- 
dom ;  and  if  it  be  correct  that  about  five  shawls 
(including  the  inferior  qualities)  are  made  on  an  average 
at  each  loom  during  the  year,  this  gives  a  total  of 
80,000  shawls  as  the  annual  produce  of  the  kingdom. 
■VVhcn  Cashmere  was  tributary  to  Afghanistan,  a  con- 
siderable portion  of  the  revenue  was  exacted  in  shawls 
instead  of  money. 

The  beauty  and  value  of  Cashmere  shawls  has  led 
to  various  imitations,  which  at  length  have  proved 
successful,  both  in  Trance  and  England.  The  govern- 
ment of  the  former  country  gave  encouragement  to  a 
patriotic  and  zealous  man,  M.  Jaubert,  who  exposed 
himself  to  great  risk  and  hardship,  in  bringing  from 
the  East  in  1823  a  flock  of  Thibet  goats,  part  of 
which  were  successfully  reared  at  St.  Oucn,  near 
Paris.  The  climate  suited  them  well,  so  that  for 
several  yeai's  the  proprietor  was  enabled  to  sell  a 
great  number  of  male  and  female  goats,  which  were 
called  Cashmere  goats. 

At  the  time  when  the  flock  first  arrived  in  Paris, 
an  English  gentleman  (Mr.  Taylor)  was  so  fortunate 
as  to  obtain  four  of  the  goats  by  purchase.  These  he 
safely  conveyed  to  Essex,  and,  placing  them  in  his 
park,  they  eontmued  in  health,  and  steadily  multiplied, 
until,  in  1828,  the  number  had  increased  to  twenty- 
seven,  and,  in  1833,  to  fifty.  The  coat  of  these 
animals  was  a  nuxture  of  long  coarse  hair  and  of 
short  fine  down.  The  latter  became  loose  early 
April,  and  was  easily  collected  by  combing  the  goats 
two  or  three  times  ;  but  the  down  produced  was 
small  in  quantity,  not  more  than  four  ounces  being 
obtainable  each  season  from  a  male,  and  two  ot 
from  a  female.  This  circumstance,  which  made  it 
hopeless  to  cultivate  the  Cashmere  goat  for  any  profit- 
able purpose,  led  to  a  mixture  of  the  Cashmere  breed 
with  another  breed  with  abundant  silky  hair,  intro- 
duced into  France  a  few  years  later,  and  called  Angora 
goats.  The  progeny  of  the  two,  called  Cashmere- 
Aiigora  goats,  were  found  to  possess  a  considerable 
quantity  of  long  silky  down,  admirably  fitted  for  the 
purpose   of  shawl-weaving.     Some  of   these  goats 
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yielded  as  much  as  thii'ty  ounces  of  down  per  goat, 
while  the  animals  were  more  robust  and  easily  nou- 
rished than  the  pure  Cashmere.  From  these  experi- 
ments great  good  has  residtcd  in  the  improvement  of 
as  flocks.  For  instance,  ten  male  and  three 
female  Cashmere-Angora  goats  were  shipped  for  South 
Australia,  where  the  wool  trade  has  become  highly 
iportant,  from  the  judicious  importations  of  fine 
Saxon  and  other  flocks  into  that  country.  The 
Cashmere  wool  still  imported  from  Thibet  comes  into 
Eui-ope  by  way  of  Casan,  on  the  eastern  bank  of  the 
Volga.  The  mUls  for  spimliiig  it  are  very  numerous 
in  France,  where  three  principal  descriptions  of  Cash- 
mere shawls  are  manufactured,  at  Paris,  Lyons,  and 
Nismes.  The  Paris  shawls  arc  principally  of  the 
kind  known  as  French  Cashmere,  in  which,  by  the 
aid  of  the  draw-loom  and  of  the  Jacquard,  a  surface 
appearance  is  given  precisely  similar  to  that  of  the 
oriental  shawls.  Both  the  warp  and  the  weft  are  the 
yarn  of  pure  Cashmere  down  :  the  figures  and  colours 
of  the  Indian  shawls  are  faithfully  copied,  and  the 
deception  would  be  complete,  did  not  the  reverse  side 
show  the  cut  ends.  VH,  ,i  i^  r,,l',  ,1  il,r  TliiJ.,  sluiwl, 
manufactured  at  1'; I'    ,  ,  i    :     ,  wliieh 

reduces  the  price.    1  ■  •  .rented 

by  as  many  shut tlr;^  ,i,  iIm;-  aw  r.ii.in,  i  imiloyed, 
which  arc  thrown  across  the  warp  accurdiiie;  tn  the  re- 
qidremcnts  of  the  pattern,  and  being  in  many  cases  m- 
trodueed  only  at  intervals,  the  yarn  remains  floating 
loose  at  the  back  of  the  piece,  and  is  cut  off  afterwards. 
To  contrive  a  method  of  weaving  shawls  that  shoidd 
be,  like  the  eastern  ones,  both  sides  alike,  was  a 
diificult  task,  but  was  at  last  accomplished  by  Parisian 
ingenuity.  In  this  ease,  the  yarns  of  the  weft  are 
not  only  equal  in  number  to  the  colours  of  the 
pattern,  but  there  are  also  as  many  little  shuttles  or 
pirns  filled  ^rit  h  these  yarns  as  there  arc  colours  to  be 
repeated  in  the  breadth  of  the  piece.  Each  of  these 
small  pirns  or  bobbins  passes  through  only  that 
portion  of  the  flower  in  which  the  colour  of  its  yarn 
is  to  appear,  and  stops  on  the  one  side  and  the  other 
of  the  cloth  exactly  at  its  Unlit :  it  then  returns  upon 
itself,  after  having  crossed  the  thread  of  the  ad- 
joining shuttle.  From  this  reciprocal  interweaving 
of  the  various  yarns  of  the  shuttles,  it  happens  that, 
although  the  weft  is  made  up  of  a  great  number  of 
different  threads,  yet  they  form  a  coutLnuous  line  in 
the  whole  breadth  of  the  web,  upon  which  the  lay  or 
batten  acts  in  the  usual  manner.  The  great  art 
consists  in  avoiding  confusion  of  the  simttles,  and  in 
not  striking  up  the  lay  tiU  all  have  done  their  part. 
A  woman  assisted  by  two  girls  is  able  to  conduct  the 
whole  operation.  But  this  close  imitation  of  the 
oriental  shawl  is  a  very  slow  process,  and  therefore 
the  shawls  must  be  necessarily  costly.  Lyons  is 
famous  for  its  Thibet  shawls,  the  weft  of  which  is 
yam,  with  a  mixture  of  spun  sUk.  The  shawls  of 
Nismes  are  celebrated  for  their  low  price  and  tho 
ingenuity  with  which  spun  silk,  Thibet  down,  and 
cotton  are  all  worked  up  together.  [See  ArrENDix. 
CASK,  see  Coopek.vge. 
CASSAVA,  see  Starch. 
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CASTING  and  FOUNDING.  The  valuable  pro- 
perty of  fusibility  possessed  by  many  of  the  common 
metals,  admits  of  their  beiug  poured  iu  a  fluid  state 
into  mouldsof  various  kinds,  so  that  on  again  becoming 
hard  by  cooling,  the  c-ostmgs  are  the  exact  counter- 
parts of  the  moulds.  In  casting  ingots,  fiat  plates, 
and  a  few  other  objects,  open  moulds  are  used;  but 
metals  are  generally  cast  in  close  moulds  which  must 
contain  apertures  or  ingates,  for  pouring  in  the  metal 
and  for  the  escape  of  air.  If  the  moulds  be  of  metal, 
they  must  be  warmed  before  pouring,  so  that  the  fluid 
metal  may  not  be  chilled  and  solidifled  before  it  has 
flUed  every  part  of  the  mould ;  and  when  the  moulds 
are  of  earth  or  clay,  the  moisture  which  is  necessary 
in  forming  them  must  be  expelled  before  the  time  of 
filling.  Earthen  moulds  must  also  be  porous,  to  allow 
of  the  escape  of  any  vapours  or  gases  which  may  be 
generated  at  the  time  of  pouring,  otherwise  the  molten 
metal  may  be  driven  out  with  a  violent  explosion,  or 
some  of  the  bubbles  of  air  wiU  displace  the  fiuid  metal, 
and  render  it  spongy  or  porous,  in  which  case  the 
casting  is  said  to  be  blotcn.  Sand  is  suiEoiently 
porous  to  allow  of  the  escape  of  vapour.  In  the 
greater  number  of  cases  moulds  consist  of  two  parts 
only :  in  other  cases  they  are  divided  into  many  parts. 

When  an  object  is  to  be  cast,  it  is  often  necessary 
to  form  an  exact  pattern  in  wood,  and  the  success  of 
eastmgs  depends  greatly  on  the  skUl  of  the  pattern- 
maker. Deal,  ])iue  and  mahogany  with  a  straight 
grain  arc  the  best  woods  for  making  patterns.  In 
putting  llie  parts  together,  screws  are  preferred  to 
nails,  but  gluc-joiuts,  such  as  dovetails,  tenons, 
dowels,  &c.  are  also  used.  The  patterns  are  made  to 
taper  a  little  iu  the  parts  which  enter  most  deejily 
into  the  sand,  so  that  they  may  be  casUy  removed. 
Sharp  internal  angles  should  also  be  avoided,  as  they 
leave  a  sharp  edge  or  axis  in  the  sand  which  is  hable 
to  be  broken  down  in  the  removal  of  the  pattern,  or 
iujurcd  by  the  rushing  in  of  the  fluid  metal.  AH  glue 
must  be  carefully  scraped  off,  or  it  will  adhere  to  and 
pull  down  the  sand.  The  patterns  should  either  be 
painted,  varnished  or  well  brushed  with  black-lead. 
Foundry  patterns  are  sometimes  made  in  metal,  and 
when  of  iron  they  are  allowed  to  get  a  little  rusty, 
and  tlien  warmed  suSiciently  to  melt  bees'-was,  which 
is  ruljljc'd  over  them ;  after  which  most  of  the  wax 
is  removed  by  polishing  with  a  hard  brush.  Wax 
is  also  used  for  stoppiug  up  any  little  holes  which 
may  exist  in  wooden  patterns.  Whitening  is  also 
used  for  the  same  purpose.  Metal  patterns  must 
sometunes  have  holes  tapped  in  them  for  receiving 
screwed  wu-es  which  serve  as  handles  for  lifting  them 
out  of  the  sand.  Large  wooden  patterns  also  have 
screwed  metal  plates  let  into  them  for  the  same 
purpose. 

The  moulding-sand  is  supported  by  shallow  iron 
frames  without  tops  or  bottoms  called  Jiashs.  The 
bottom  4,  5,  Fig.  519,  is  supposed  to  be  rammed  full 
of  sand,  and  to  stand  upon  a  flat  board  6.  The  model 
of  the  flat  bar  shown  in  the  figure  which  is  to  be  cast  is 
laid  on  the  sm-face  of  the  sand,  and  that  of  the  round 
bar  is  embedded  half  way  therein.    The  mould  is  then 


dusted  with  dry  parting-sand.  The  top  part  of  the  flask 
2,  3,  is  shown  still  empty,  and  in  the  act  of  being  at- 
tached to  4,  5,  by  its  puis,  which  fit  exactly  into  corre- 
sponding holes  in  4,  5.  The  part  2, 3,  is  also  ranmied 


e  flask  be  small,  it  is  propped 
.  the  surface  of  the  poui'ing  or 


full  of  sand  and  covered  with  a  top  board  1,  not  shown 
in  the  figures.  The  sand  of  course  receives  the  im- 
pression of  the  patterns,  and  when  the  mould  is 
opened,  the  models  are  removed,  and  channels  for  the 
escape  of  air  are  scooped  out  from  the  ends  of  the 
cavities  left  by  the  models,  to  the  hollows  or  pouring 
holes  at  the  end  of  the  flask.  The  parts  are  then  re- 
placed in  the  order  1  to  6,  and  the  whole  are  fixed 
together  as  in  Fig.  520.  The  fiask  is  then  placed 
almost  erect  near  the  pouring  trough,  and  the  metal 
is  poured  in  from  a  crucible,  as  shown  in  Fig.  222, 
[see  Bkass,]  but  if  t 
up  with  a  short  bar  c 
spill  trough. 

The  fiasks  or  castiug  boxes  arc  of  various  sizes, 
and  the  depth  of  each  side  is  about  2  or  3  inches. 
For  small  castings  they  are  poured  at  the  edge  as 
already  explained,  but  for  large  eastmgs  they  are 
generally  poured  horizontally  through  a  hole  in  the 
top.  The  tools  used  in  making  the  moulds  are  a 
sieve,  shovel,  rammer.  Fig.  521,  strike,  mallet,  a  knife, 
and  two  or  three  loosening  wires,  and 
smaU  trowels.  Figs.  522,  523.  The 
moulds  are  made  of  fine  sand  and  loam. 
Those  used  in  the  metropolis  are  obtained 
fromHampstead,andalsofromLewisham. 
Common  moulds  are  made  of  old  damp 
sand,  and  they  are  generally  poured  wliile 
damp  or  gnm,  but  sometimes  they  are 
dried  on  the  face.  The  old  sand  is  much 
less  adhesive  than  the  new,  and  of  a  dark 
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brown  colour  from  the  adraixtiu'c  of  brick-dust,  flour, 
charcoal-dust,  &o.,  used  in  moulding.  New  sand  and 
loam  are  occasionally  added  to  the  old  stock,  so  that 
when  moistened  slightly,and  pressed  firmlyin  the  hand, 
it  may  become  moderately  hard  and  con  pact.  Red 
brick-dust  is  commonly  used  as  parting  sand,  to  pre- 
vent the  separate  portions  of  the  damp  sand  in  the  two 
halves  of  the  flask  from  adliering  together.  The  lace 
of  the  mould  which  receives  the  metal  is  generally 
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dusted  with  meal-dust  or  waste  flour ;  or  iu  large 
works  with  powdered  chalk,  wood,  or  tan-ashes. 
for  the  finest  brass  castings  the  moulds  are  faced 
with  charcoal,  rottenstoue,  or  a  mixtm-e  of  the  two, 
and  dried  over  a  dull  fh-e  of  cork  shavings,  or  smoked 
over  pitch  or  black  rosin  lighted  in  an  iron  ladle.  Gold 
and  silver  casters  use  a  lighted  link  for  facing  their 
saud  moulds  :  metallic  moulds  are  sometimes  smoked 
over  a  lamp ;  the  object  being  in  each  case  to  deposit 
a  line  layer  of  soot  upon  the  moulds. 

Where  much  loam  is  used,  the  moulds  must  be 
thoroughly  dry  before  poxiriug,  which  is  not  generally 
necessary  with  ordinary  sand  moulds.  The  best  east- 
ings are  however  obtained  when  the  sand  contains  a 
good  deal  of  loam  and  moisture,  and  has  been  closely 
rammed ;  but  in  such  cases  there  is  always  a  risk  of 
accident,  from  the  moist  and  impervious  condition  of 
the  mould,  and  the  resistance  to  the  escape  of  air  and 
vapour.  The  founder  gets  over  this  tlifficulty  to  a 
certain  extent  by  using  a  little  facing-sand,  containing 
rather  more  loam,  for  the  face  of  the  green  moulds. 
Irou-founder's  sand  is  coarser,  and  therefore  more 
porous  than  that  of  the  brass-founder,  and  may  be 
used  iu  a  moister  state.  As  the  castings  contract 
considerably  in  cooling,  it  is  also  important  in  large 
and  slight  works,  not  to  ram  the  face  of  the  mould 
too  strongly,  or  its  strength  may  exceed  that  of  the 
red-hot  metal  while  in  the  act  of  contracting,  and 
hence  the  easting  would  be  rent  or  torn  asunder  from 
the  restraint  of  the  mould :  whereas  the  metal  ought  to 
pull  down  the  face  of  the  sand  instead  of  bemg  itself 

Wlien  the  objects  to  be  cast  contain  one  hole  or 
several  holes,  they  are  said  to  be  cored,  and  various 
methods  are  used  for  introducing  internal  moulds  or 
cores,  so  as  to  intercept  the  metal  at  those  parts.  In 
pewtercr's  moulds  pins  are  inserted  for  producuig 
holes  m  the  joints.  InEigs.  524,  525,  526,  the  upper 
figures  represent  sections  of  the  three  models  or  cast- 
ing patterns,  and  the  lower  figure  represents  the  two 


the  sand  core  is  carefully  pushed  out  of  the  pattern, 
and  inserted  in  its  proper  place  in  the  mould,  which 
is  indicated  by  one  side  of  the  core  bemg  scored  with 
one  or  two  deep  marks,  which  produce  similar  marks 
in  the  mould.  When  the  hole  extends  only  partly 
through,  as  in  Fig.  625,  the  hole  of  the  pattern  is  filled 
with  a  solid  plug  of  soft  unbumt  brick ;  the  core  is 
made  long  enough  to  project  about  as  much  as  its 
own  diameter,  and  the  work  is  moulded  as  if  to  be 
east  with  a  solid  pin  instead  of  a  hole.  The  eoie  is 
then  extracted  and  inserted  into  the  hollow  which  it 
has  itself  formed  in  the  flask.  Patterns  for  iron-work 
are  mostly  made  with  prints  instead  of  holes  as  in. 
Fig.  526.  The  pattern  maker  places  round  or  square 
pieces  on  one  or  both  sides  of  the  pattern,  where  the 
holes  are  recpiired,  and  the  founder  has  moulds  for 
forming  cores  of  corresponding  diameters  and  sections, 
and  in  lengths  of  from  2  to  12  inches,  short  pieces 
of  which  are  cut  off  as  required. 

Figs.  527,  528,  represent  the  moulds  for  casting  a 
pewter  inkstand.  They  consist  of  four  parts,  the 
black  portions  representing  the  sections  of  the  ink- 
stand to  be  oast.  The  moulds  consist  each  of  a  top 
piece  or  cap  t,  a  bottom  or  core  b,  and  two  sides  or 
cottles  s  s.   In  Fig.  528,  one  side  is  removed  in  order 


halves  of  the  moiJd,  the  top  half  being  shaded 
with  perpendicular,  the  bottom  with  horizontal,  and 
the  cores  with  obhque  lines,  while  the  white  open 
spaces  show  the  hoUows  to  be  filled  up  by  the  fluid 
metal.  When  the  cavity  extends  through  the  model, 
and  exactly  represents  that  which  is  required  in  the 
casting,  as  in  Fig.  524,  the  work  is  said  to  deliver  its 
own  core.  If  the  hole  be  suflieiently  taper,  it  delivers 
its  own  core,  as  a  continuation  of  the  general  mass 
of  sand  filling  one  side  of  the  flask,  but  in  many  cases, 
the  space  in  the  model  is  rammed  full  of  strong  sand 
at  first,  and  is  then  moidded  as  if  to  produce  a  plain 
solid  casting.  Before  the  mould  is  closed  for  poiu-ing. 


to  expose  the  castiug,  and  the  top  piece  f  is  supposed 
thi-ough  to  make  the  whole  more  distinct. 


Tlic  top  and  bottom  parts  have  each  a  rebate  like  the 
lid  of  a  snuff-box,  which  embraces  the  external  edges 
of  the  two  side  pieces  s  s,  and  the  latter  divide  as  ia 
a  bullet  mould,  exactly  upon  the  diametrical  line  of 
(he  inkstand,  which  in  a  circular  object  is  the  largest 
part.  In  this  way  the  positions  of  the  parts  are 
strictly  maintained.  When  the  mould  has  been  put 
together,  laid  upon  its  side,  and  filled  through  x  the 
mgate  or  iedi/e,  it  is  allowed  to  stand  a  minute  or 
two.  The  top  i  is  then  knocked  off  with  a  mallet ; 
the  mould  is  then  held  in  the  hand,  and  the  centre 
part  knocked  out  of  the  easting  by  the  edge.  The 
two  sides  are  then  pulled  asunder  by  their  handles, 
and  the  easting  is  removed  from  the  one  m  which  it 
happens  to  stick  fast;  but  it  requires  cautious 
handling  not  to  break  it.  The  face  of  the  mould  is 
slightly  anointed  with  red  ochre  and  white  of  egg,  to 
prevent  the  metal  from  adhering,  and  to  give  the 
works  a  better  face.  The  fii-st  few  eastings  are  gene- 
rally spoiled  until  the  mould  becomes  warm. 
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In  mouldbig  patterns  -n-hich  are  undercut,  fahc 
rorcs  are  used,  as  iu  Fig.  530.  It  is  evident  that  all 
Ihc  imllcms  m  the  mould,  I'ig.  hi'i,  can  be  extracted 


when  partly  buried,  extends  beyond  the  line  wliich 
separates  tlie  two  parts  of  the  flask :  a  and  b  could 
be  laid  in  exactly  upon  the  diagonal,  or  upon  one  flat 
side  or  partly  embedded;  f  g  h  might  be  sunk  more 
or  less  into  the  mould,  their  sides  being  peiiiendicular; 
but  the  patterns  in  Fig.  530  being  undercut,  the 
division  of  the  mould  into  two  parts  only  would  be 
mipracticable,  and  false  cores  or  fui-ther  subdivisions 
would  be  rcquii-ed  in  the  manner  shown  iu  the  figure. 
Many  works  require  core-boxes  to  be  made  ex- 
"  pressly  for  them,  as  in  fig.  531,  where 

the  dotted  line  shows  an  enlargement 
1  the  centre  for  coring  a  hole  of  that 
particular  section,  c,  d,  Fig.  533,  repre- 
sent the  two  halves  of  a  brass  or  lead 
:e-box  used  in  casting  the  stop-cock ; 
a  represents  the  core  after  its  removal 
from  the  part  c,  in  which  it  is  also  figured. 
In  h,  the  model  from  which  the  object  is 
nioiddcd,  the  shaded  parts  represent  the 


projections,  or  coir-prinh,  which  imprint  within  the 
mould  the  places  where  the  extremities  of  the  core, 
a,  are  supported  when  placed  thereiu. 

In  the  casting  of  figures,  such  as  busts,  animals, 
branches,  foliage,  &c.,  much  skill  is  required.  The 
originals  are  generally  solid,  but  the  moulds  are 
divided  into  many  parts.  The  complexity  of  such 
moulds  may  be  judged  of  from  works  in  plaster  of 
Paris,  which  are  sometimes  sold  before  the  seams  of 
the  mould  have  been  removed.  In  all  figured  works 
approaching  to  the  circular  or  elliptical  section,  the 
mould  must  be  divided  into  at  least  three  parts, 
except  under  very  favourable  circumstances.  In  the 
human  figure  and  quadrupeds,  the  four  limbs  and  the 
trunk  require  at  least  three  parts  each,  and  often 
many  more.  Piece  after  piece  of  the  mould  is  suc- 
cessively produced,  each  piece  embracing  so  much  of 
the  figure  as  in  no  part  to  require  any  core  to 
hang  the  line  in  which  it  is  withdrawn.  "  The 
of  the  mould  in  which  tlie  figure  is  partly  embedded 


is  first  dusted  with  charcoal,  and  then  the  first  core 
is  very  carefully  rammed  into  the  nook,  and  piired 
down  to  the  new  line  of  division.  The  green  or  wet 
sand-core  is  then  dusted,  and  the  second  core  is  made, 
and  afterwards  dusted,  when  the  moulder  proceeds 
with  the  third  core,  and  so  on ;  each  being  carefully 
adapted  to  its  neighbour,  and  withdrawn,  to  see  that 
all  is  right,  before  the  succeeding  core  is  proceeded 
with.  The  relative  positions  of  the  cores  amongst 
themselves  are  readily  maintained  and  recognised  by 
,1,  -  jj.,.p^,,,i.,,.:(.,.  r,f  their  forms,  as  in  a  child's  dissected 
■  ■  ,' .  ,  '  ,ii-  a  notch  or  two  here  and  there, 
, :.  I  I  ;,!:  I  ::  l^illv  copicd  ui  tho  succeeding  piece. 
li  IS  ticimiiiiy  necessary  to  thi'ust  two  or  more 
edles  thi-ough  the  green  cores  in  the  neigh- 
bouruig  parts  to  connect  them  together,  in  imitaliou 
of  the  pins  iu  the  flasks.  All  the  parts  of  the  mould 
are  dried  in  an  oven,  and  the  facings  are  smoked  over 
a  cork  fire;  the  perfection  of  the  casting  is  aug- 
mented by  pouring  whilst  the  mould  is  still  slightly 
warm,  as  otherwise  on  cooling  it  has  an  increased 
affinity  for  damp ;  but  the  mould  when  hot  is  more 
or  less  fiEed  with  the  aqueous  vapour,  which  is  equally 
prejudicial. 

"When  a  figui-e  such  as  a  bust  is  rcqukcd  to  be  cast 
hollow  from  a  solid  model,  it  is  first  moulded  exactly 
as  above.  The  core  is  now  produced  as  follows  ;— 
At  the  foot  of  the  bust  a  large  space,  nearly  equal  in 
length  and  bulk  to  the  bust,  is  cut  away  in  the  sand, 
to  serve  for  fixing  the  core  in  the  mould,  or  for  tlie 
balance,  as  it  is  called,  as  the  core  cannot  be  propped 
up  at  both  ends.  The  entire  hollow,  that  is,  for  the 
bust  and  the  balance,  is  filled  with  a  composition  of 
about  one  part  of  plaster  of  Paris,  and  two  of  sand 
or  fine  brick-dust,  mixed  with  a  little  water,  and 
poured  in  fluid,  a  few  wires  being  placed  amidst  the 
same  for  additional  support.  The  moidd  is  now 
taken  to  pieces  to  extract  the  core,  which  is  then 
dried,  thoroughly  burned,  and  allowed  to  cool  slowly, 
(which  the  founder  calls  annealing,  from  a  similar 
method  being  employed  in  annealing  or  softening  the 
metals,  glass,  &c.  [See  Annealing.])  The  core  is 
then  returned  to  the  mould  to  see  that  it  has  not 
become  distorted.  If  needfid,  the  filling  around  the 
balance  is  made  good  to  suit  the  reduced  magnitude 
of  the  core,  which  is  then  so  far  pared  away  as  to 
leave  room  for  the  tliickness  of  the  metal.  This  is 
frequently  regulated  by  boring  holes  at  many  parts  of 
the  core  with  a  stop-drill,  having  a  collar  to  preveut 
its  penetrating  beyond  the  determined  depth.  The 
surface  of  the  core  is  now  cut  down  to  the  bottom 
of  the  holes  as  uniformly  as  possible.  Allien  the 
mould  has  been  faced,  dried  and  smoked,  &c.,  the 
whole  is  put  together  for  pouiing,  for  which  purpose 
the  figure  is  inverted,  and  filled  from  the  pedestal. 
Equestrian  and  other  figures  are  sometimes  cast  in 
two,  three  or  more  pieces,  and  joined  together  by 
solder,  screws,  or  wii'es ;  but  in  all  such  works,  the 
aim  of  the  founder  is  to  leave  little  or  nothing  for 
the  finisher  or  chaser  to  do." ' 

Small   animals,  insects,  parts  of  vegetables,  &.•., 
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may  be  cast  by  the  followiug  contrivance.  The 
objects  are  fixed  in  the  centre  of  a  small  box  by 
means  of  a  few  threads  attached  to  any  eonveiiient 
parts,  one  or  two  wires  being  added  to  make  air-holes 
and  ingates  for  the  metal.  A  small  quantity  of 
river  silt  or  mud,  carefully  washed,  is  first  thrown  in 
and  spread  around  the  object  by  swinging  the  box 
about ;  and  when  partly  dry,  successive  but  coarser 
coats  are  thrown  in,  so  as  ultimately  to  fill  the  box. 
Wlien  it  has  become  thorouglily  dry,  the  wires  arc 
di-awn  out,  and  the  mould  is  then  burnt,  so  as  to 
reduce  the  object  to  aslies,  and  when  every  particle 
of  the  model  has  been  blown  out,  the  mould  is  ready 
to  be  filled  with  metal. 

Tliis  method  has  been  improved  on  by  Mr.  Henry 
Dircks,  who  has  found  that  by  making  his  model  in  wax 
and  then  sui-roundiug  it  with  plaster-of-Paris,  or  other 
sufficiently  plastic  or  hardening  mould,  the  application 
of  heat  win  cause  the  wax  to  be  absorbed  by  the  plaster, 
leaving  the  plaster  cast  quite  sharp,  pure  and  m\- 
suUicd,  having  no  waxed  or  oily  appearance  even  where 
the  wax  was  fuUy  Jjth  of  an  inch  thick. — The  plan 
is  as  follows: — Sheets  of  wax  are  cut  and  formed  into 
any  required  shape,  as  usual  in  making  wax  flowers, 
&c.,  or  in  some  eases  the  wax  itself  may  be  moulded  or 
shaped  to  any  particular  form ;  and  when  the  whole 
is  arranged  and  put  together,  on  a  board  covered  with 
wax,  air  vents  are  formed  by  attaching  the  ends  of 
waxed  threads  to  the  wax  foundation,  and  the  other 
ends  to  the  loftiest  points  iu  the  object,  most  suitable 
for  the  purpose.  It  must  be  remembered  that  the 
plaster  mould  will  have  to  be  turned  upside  down, 
and  that  when  dry  and  warm  from  a  suitable  di-ying 
oven,  the  lower  ends  of  all  these  threads  will  be 
uppermost  and  can  be  withdrawn,  having  shrunk  from 
the  loss  of  wax ;  which  sulistance  wiU  also  have  been 
absorbed  by  every  part  of  the  mould,  or  where  thick 
and  in  quantity  may  partly  be  run  out.  By  using 
stearine  and  resin,  with  perhaps  a  Kttle  Burgundy 
pitch,  a  cheap  substitute  for  wax  is  obtained.  In 
forming  wreaths,  &c.,  as  no  colouring  is  required,  the 
artist  has  only  to  attend  to  form,  dimensions,  and 
general  arrangement.  The  copper  castings  obtained 
by  this  improvement,  may  be  coated  with  the  precious 
metals  by  means  of  electrotyping.' 

A  method  of  producing  plates  for  printing  copies 
of  ferns,  sea-wccd,  &c.,  has  been  invented  by  Dr. 
Branson  of  Sheffield,  and  is  thus  performed.  A  piece 
of  gutta  pcrcha,  free  from  blemish,  and  of  the  size 
of  the  plate  required,  is  placed  iu  boiling  water: 
when  thoroughly  softened  it  is  taken  out  and  laid  flat 
upon  a  smooth  metal  plate,  and  inuncdiatcly  dusted 
over  with  the  finest  bronze  powder  used  for  printing 
gold  letters.  The  object  of  this  is  threefold;  to  dry 
the  surface,  to  render  the  surface  more  smooth,  and 
to  prevent  adhesion.  A  frond  of  fern,  algse,  or  similar 
fiat  vegetable  fonn  is  then  neatly  laid  out  upon  the 
bronze  surface  and  covered  with  a  polished  metal 
plate,  either  of  copper  or  of  German  silver:  the 
whole  is  then  subjected  to  an  amount  of  pressure 
sufficient  to  imbed  the  upper  plate  iu  the  gutta  pereha. 


When  the  gutta  pereha  is  cold,  the  metal  plate  h 
removed  and  the  fern  gently  withdi'awu  from  its 
bed.  Prom  the  beautiful  impression  of  the  fern  left 
in  the  gutta  pereha  a  cast  in  brass  may  be  readily 
token.  As  soon  as  the  surface  of  the  brass  cast  has 
been  burnished,  (of  course  carefully  avoiding  the 
impression,)  it  is  ready  for  the  copper-plate  printer. 
If  the  printer  skilfully  mixes  the  ink  to  the  tint  of 
the  fcra,  a  print  is  obtained  scarcely  to  be  distin- 
guished from  the  plant  itscK.  The  novelty  of  the 
process  consists  in  causmg  the  plant,  so  to  speak,  to 
engrave  itself,  and  also  in  the  substitution  of  a  cheap 
casting  in  brass  for  an  expensive  copper-plate  en- 
graving. Electrotype  plates  may  be  deposited  on 
the  bronzed  gutta  pereha,  and  a  similar  result  obtained, 
but  the  brass  easting  answers  equally  veil,  and  has 
the  advantage  of  being  more  dui-able,  cheaper,  and 

The  process  of  moulding  in  sand  is  similar  whether 
the  castings  be  brass  or  iron ;  but  the  large  size  of 
many  iron  castings  gives  rise  to  certain  difi'erenees  in 
detail.  In  most  cases  the  iron-founder  moulds  and 
casts  his  works  horizontally,  with  the  flasks  lying  on 
the  ground.  In  the  largest  works  the  lower  part  of 
tlie  flask  is  omitted,  such  pieces  being  moulded  in 
the  sand  which  forms  the  floor  of  the  foundi-y,  in 
which  case  the  position  of  the  upper  flask  is  denoted 
by  driving  iron  stakes  into  the  earth  in  contact  with 
the  internal  angles  of  the  luffs  or  projecting  slips  of 
the  flasks.  As  the  sand  would  fall  out  of  large  flasks 
when  lifted  up,  a  number  of  cross  bars  containing 
S-shaped  hooks  are  inserted,  and  both  bars  and  hooks 
are  wetted  with  thick  clay-water.  Some  flasks 
require  the  strength  of  two  or  several  men  to  lift 
them,  for  which  purpose  iron  handles  are  made  to 
project  from  the  sides  of  the  flask.  Very  heavy 
flasks  are  lifted  by  means  of  a  crane. 

The  sand  of  the  iron-founder,  as  already  noticed,  is 
coarser  than  that  of  the  brass-founder.  The  parting 
sand  is  the  burned  sand  which  is  scraped  off  the 
castings ;  the  facing  sand  is  sometimes  equal  parts 
very  fine  coal  dust  and  charcoal  dust,  with  the  addition 
in  some  cases  of  old  or  new  sand,  or  a  little  road-drift. 
All  these  substances  get  mingled  with  the  sand  of  the 
floor,  and  lessen  its  binding  quality.  This  is  remedied 
by  the  addition  of  new  sand,  or  by  using  more  moisture. 
Before  extracting  the  patterns,  the  founder  sometimes 
wets  the  edges  of  the  sand  with  a  sponge  with  a  nail 
tied  to  it,  to  direct  the  water  iir  a  fine  stream.  For 
heavy  works,  a  watering-pot  is  used. 

The  fiasks  are  poured  tlirough  a  hole  in  the  upper 
half,  formed  by  placing  a  wooden  runner-stick  in  the 
top  part  while  it  is  being  rammed  full  of  sand,  and  a 
small  channel  is  afterwards  cut  sideways  into  tlie 
mould.  In  some  eases,  a  single  casting  requires  two, 
three,  or  more  runners ;  as  where  a  great  weight  of 
metal  is  required,  or  where  the  casting  is  large  but 
slight,  as  in  trellis-work,  because,  in  such  cases,  the 
metal  might  cool  before  the  moiJd  is  full,  if  introduced 
only  at  one  runner. 

The  iron-founder  adopts  all  the  methods  of  coring 
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used  by  the  brass-founder,  and  others  which  are  not 
much  used  in  brass-works,  such  as  lateral  holes  in  the 
parts  of  the  castings  buried  beneath  the  general 
surface  of  the  mould.  The  foUowhig  example,  from 
Mr.  Holtzapffel's  work,  will  illustrate  this.  Fig.  533 
represents  the  finished  easting ;  Fig.  53i  the  model 
of  the  same  ;  Fig.  53G  the  appearance  of  the  bottom 


flask  or  drag,  when  the  pattern  is  fli'st  removed,  and 
Fig.  535  the  flask  and  cores,  when  closed  ready  for 
pouring.  The  moulds  are  inverted,  and  the  same 
letters  refer  to  similar  parts  of  each  figure.  The 
core-print  a  would  deliver  from  the  sand,  and 
leave  the  cavity  at  a.  Fig.  536,  to  be  afterwards 
liUed  by  tlic  core,  shown  black  in  Fig.  535,  just  the 


A 


I,  Fig.  53i,  which  may  be  compared  with  the  black 
stud  b,  Fig.  535,  would  tear  away  the  sand  above  it 
in  withdrawing  the  pattern ;  and  therefore  the  print 
is  made  to  extend  to  the  neighbouring  face  of  the 
pattern  or  the  partmg  line,  as  at  e,  Fig.  535.  This 
being  the  case,  the  pattern  would  leave  the  space  de- 
noted by  Fig.  535  ;  the  core  is  put  down  sideways  to 
the  bottom  of  the  recess,  and  extends  entnely  across 
the  same ;  the  small  open  space  above  is  made  good 
with  the  general  sm-face,  as  shown  by  the  shaded  lines 
in  Fig.  535,  and  this  filling  in  at  the  same  time  fixes 
the  core  precisely  where  directed  by  the  print  d,  winch 
latter  has  a  mark  to  denote  to  the  moulder  where  the 
core  is  to  end.  The  circular  hole  requii-es  the  core- 
print  shown  at  c.  Fig.  53i,  and  the  cores  themselves 
are  made  in  core- boxes,  as  before  explained  in  the  case 
of  Fig.  531. 

Fig  537  represents  the  modcHud  core  print  from 


which  the  finished  casting  Fig  538  may  be  mi  !c 
from  a  solil  pattern  m  a  two  part  flask  it  -no  d  1  be 
mveited,  and  the  parting  would  be  made  upon  the 


line  X.  The  print  for  the  holes  a  a  would  be  placed 
in  the  top  flask,  and  those  for  the  great  apertures  or 
panels  d  would  be  made  in  a  core-box  of  the  express 
form,  and  as  thick  as  the  pattern  and  core-print 
measured  together.  The  core  would  be  deposited 
edgewise  iuto  the  core-print,  and  the  upper  corners 
of  the  moidd  would  be  made  good,  as  explained  in 
Fig.  535. 

The  iron-founder  makes  frequent  use  of  flasks  which 
divide  into  three  or  four  parts,  for  the  purpose  of 
iiiLiwibiug  the  depth  of  the  contained  space.  It  is 
;i'i-i  -lunctimes  necessary  to  make  the  castuig  in  some 
n  ~iu  f  ts  different  from  the  patterns.  If,  for  example, 
uittcrn  be  too  long,  or  it  is  desirable  to  obliterate 
i  parts  temporarily,  the  mould  is  made  of  the  fijl 
and  stopped  off,  additional  sand  being  worked 
iuto  the  mould  by  means  of  a  trowel  and  a  piece  of 
wood,  to  represent  the  imagined  temdnatiou  of  the 
pattern.  If,  on  the  contrary,  the  casting  is  to  be 
longer  than  the  pattern,  the  additional  piece  is  fre- 
quently cut  off  the  mould  with  a  trowel,  &c.  Some 
common  works,  such  as  plates,  gratings,  parts  of 
ordinary  stoves,  &c.,  are  made  to  written  measures, 
without  patterns,  in  which  case  a  few  parallel  slips  of 
wood  represent  the  margin  of  the  casting,  and  these 
are  arranged  upon  a  flat  body  of  sand,  which  is 
modelled  almost  entirely  by  hand. 

As  iron  castings  contract  in  cooling,  at  the  rate  of 
about  the  95th  to  the  98th  of  their  length,  or  nearly 
1  per  cent.,  it  is  necessary  to  make  the  patterns 
somewhat  larger  than  the  intended  castings.  This 
allowance  is  made  by  employing  a  contraction  rule, 
which  is  made  like  a  surveyor's  rod,  but  one-eighth  of 
an  inch  longer  in  each  foot  than  ordinary  standard 
measure.  In  this  way,  in  measuring  out  the  pattern, 
the  increased  dimensions  are  given  without  entailing 
the  trouble  of  calculation.  If,  however,  an  iron 
pattern  is  to  be  made  from  a  wooden  pattern,  so  as 
to  serve  for  the  permanent  foundry  pattern,  a  double 
contraction-rule  is  employed  for  making  the  wooden 
pattern :  in  this  rule  there  is  a  quarter  of  an  inch  in 
excess  in  each  foot. 

"  To  lessen  the  distortion  of  castings,  from  the 
unequal  contraction  in  the  cooling,  it  is  important 
that  the  models  should  be  nearly  symmetrical.  Foi- 
example,  bars  or  rods  of  all  the  sections  in  Fig. 
529  may  be  expected  to  remain  straight  •  perhaps  g 
IS  m  the  most  danger  but  if  the  lower  fins  of  e  and  h 
weie  remo\ed  their  flat  suifaces  then  exposed  to  the 
sand  would  become  lounding  or  convex  in  length, 
fiom  the  contraction  of  theuppci  rib  being  unopjosed 
by  a  similai  \  ece  on  the  oil  ci  s  dc  Pais  and  beams, 
the  sections  ol  -nhich  resemble  the  Icttei  X  are  of  the 
most  f i\        )  1     k     '   f  1  1   1       lanence    and 

also  foi  T  ]  c   t  0  it  from 

their  c  1 1  without 

matei     1  1 1    n    aie  very 

much  1     1  1  1  0  m  the 

flaming  of  i  acl  i   iv  -nl     1  \  -x  gi eat  measure 

based  upon  the  same  rules  It  is  also  of  great  im- 
poitanee,  especially  m  castings  of  large  size  that  the 
thichnfss  of  the  metal  shoul  1  be  nearly  ahke  thiough- 
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out,  so  that  it  may  cool  at  all  parts  in  about  the  same 
time.  Should  it  happen  that  one  part  is  set  or  rigid 
while  another  is  semi-fluid,  or  in  the  act  of  crystal- 
lizing, there  is  great  risk  either  of  the  one  part  being 
altogether  torn  from  another  and  producing  fracture, 
or,  should  the  disturbing  force  be  insufficient  to  break 
the  casting,  it  may  strain  the  metal  nearly  to  its 
limit  of  tenacity  or  elasticity,  so  that  a  force  far 
below  that  which  the  casting  should  properly  bear 
may  break  it  in  pieces."  This  irregvdar  contraction 
is  partly  prevented  by  uncovering  the  thick  parts  of 
the  casting,  or  by  cooling  them  by  throwing  on  water 
from  watering-pots. 

As  wood  or  metal  patterns  are  very  expensive,  espe- 
cially when  the  number  of  castings  of  the  particular 
pattern  is  but  few,  tliis  costly,  and  in  some  re- 
spects uncertain,  method  of  casting  is  avoided,  where 
it  is  practicable,  by  a  simple  and  ingenious  applica- 
tion of  the  art  of  turmug,  called  loam-motddvig.  In 
casting  a  steam-cylinder,  for  example,  the  follon  iug 
method  is  adopted,  and  wiU  be  understood  by  lefeniug 
to  the  figures.    Fig.  539  is  the  entire  section  of  the 


distance  from  the  core  required  for  the  thickness  of 
the  metal.  Additional  loam  is  thrown  on  to  form 
the  thickness,  which  is  carefully  smoothed :  the  tem- 
plet and  spindle  are  then  dismounted,  and  the  thick- 
ness (represented  white)  is  also  diiedand  blackwashcd. 
The  ring  for  the  outer  case  or  cope  is  now  laid  down, 
and  its  position  is  denoted  by  fixed  studs  or  by  marks, 
and  the  brickwork  shown  in  Fig.  541  is  built  up  of 
bricks  and  loam,  with  an  inner  facuig  of  loam,  worked 
'  acoui-ately  to  the  turned  thickness.  The  new  work  on 
the  cope  being  thoroughly  dried,  is  lifted  olT  carefully 
by  means  of  the  crane  and  a  cross-beam  with  4  chains. 
Fig.  542.   This  process  drags  off  the  thickness,  which 


first  stage;  Figs  510  and  511  are  the  half  seciinns 
of  the  second  and  third  stages,  preparatory  to  burying 
the  mould  in  the  pit  in  wliich  it  is  to  be  filled.  The 
inner  part  of  the  loam  mould  is  caUed  the  core,  in 
small  works,  and  the  noicel  in  large  :  tlie  outer  part 
is  the  cane  or  cope.  Each  part  is  built  upon  an  iron 
loam-plate,  or  a  ring  rough  on  the  face,  and  with  four 
ears  by  which  it  may  be  lifted.  Sometimes  the  mould 
is  erected  on  four  shallow  pedestals  of  bricks,  for  the 
convenience  of  making  a  fire  beneath  it,  to  dry  the 
loam.  It  may  also  be  made  upon  a  low  truck,  upon 
which  it  can  be  wheeled  to  the  loam-stove,  heated  to 
300°  or  400°.  A  vertical  axis  a  is  mounted  in  two 
holes  in  the  truck,  or  in  a  pedestal  or  socket  erected 
thereon :  or  it  may  pass  tlu-ough  a  hole  in  the  loam- 
plate,  or  in  any  bearing  attaolied  to  the  roof,  &c.  The 
first  step  is  to  fix  on  the  spindle,  by  means  of  clutches 
or  binding-screws,  the  templet  b  b,  at  the  distance  of 
the  radius  of  the  cylinder.  An  inner  cylinder  of 
brickwork  is  then  built  up,  plastered  witli  soft  loam, 
(shaded  black  in  the  figures,)  and  scraped  into  the 
cylindrical  form  by  the  radius-board  being  moved 
round  on  its  axis.  When  the  surface  is  smooth,  it  is 
thoroughly  dried,  then  covered  with  blackwash,  and 
again  dried.  The  charcoal-dust  in  the  blackwash 
serves  as  a  parting,  to  prevent  the  succeeding  portions 
of  the  loam  mould  from  adhering  to  the  first.  The 
templet  c  c.  Fig.  540,  cut  exactly  to  the  external  form 
of  the  cylinder,  is  next  attached  to  the  axis,  at  the 


usually  breaks,  and  any 
picked  out  of  the  ciipp 
then  repaired,  an  1 
mould  is  next  p\ii 
of  the  foundry,  i 
together,  the  sun   i 
to  prevent  the  laould 


ig  pieces  are  carefully 
if  the  mould  are 
uul  dried.  The 
link  in  the  floor 

g  lammed  hard, 
mg  open ;  but  the 


part  is  left  in  a  loose  state,  for  the  escape  of  ai  . 
&c.  The  top  edges  of  the  mnuld  aio  covered  over 
with  a  loam-cal-e,  previous!  \   11  i         3  or  4 

inches  thick,  peiforated -nit ii  '  1   _    511, 

for  the  entry  of  the  metal  i    I  I     ,iir. 

The  large  cylindeis  of  thi  (  '   |i        i  _  i  n^'incs, 

of  SO,  90,  and  95  inches  bore,  and  12  or  14  feet 
long,  and  the  blowing  cylinders  of  blast  furnaces, 
sometimes  105  inches  bore,  are  made  without  using 
the  thickness.  The  case  or  cope  is  built  up  in  the 
pit  and  turned  inside  with  a  radius  bar,  and  the  core 
is  erected  on  a  plate  on  the  floor  and  turned  outside 
to  a  gage  :  when  di-ied,  it  is  lowered  into  the  otlier 
by  a  crane.  They  are  cast  about  a  foot  longer  than 
is  required,  to  make  the  top  edge  sound,  and  this 
additional  length  is  cut  off  before  boring.  To  enable 
tlie  mould  to  resist  the  pressure  of  the  column  of 
fluid  metal,  (equal  at  the  bottom  to  nearly  CO  lbs.  per 
square  inch,)  the  core  is  strengthened  by  diametrical 
iron  bars  entering  a  little  way  into  the  brick-work. 
The  outer  cylinder  is  suiTouuded  by  iron  rings  piled 
one  on  the  other  and  made  tight  by  ramming  in  sand, 
and  stays  are  placed  in  all  directions  from  the  rings 
to  the  sides  of  the  pit. 

Large  pans  and  other  cirri;!r,r  ^-.-nrl:-  ni  p  inriulded 
in  the  same  way  as  cylimL  i   ,   -  '    i'        rirndar 

templets   are  used.     The  r l    •  :  .s   are 

turned  upon  an  ii-on  tube  ]i:-:      !  ■  'i  •  '   •    '    ,  -vlich 


CASTING  AND  FOUNDING. 


is  placed  horizontally  across  two  iron  tressels  with 
notches,  and  is  kept  in  rotation  by  a  which  handle  at 
the  end :  a  shaper  board  or  scraper  is  fixed  parallel 
with  the  axis.  This  arrangement  is  called  a  founder  s 
lathe.  The  perforated  tube  is  first  wound  round 
with  haybauds,  then  covered  with  loam,  and  the  core 
is  turned,  di-ied,  and  blackwashed :  tlie  thickness  is 
next  laid  on  and  blackwashed,  after  which  the  tube 
to  be  cast  is  moulded  in  sand.  The  thickness  is 
then  removed  from  the  core,  and  the  core  is  inserted 
in  the  mould,  and  supported  therein  by  the  two  points 
at  the  extremities,  and  by  grains,  or  two  little  plates 
of  sheet-iron  comiected  by  a  long  central  wire,  the 
lengths  of  which  may  be  seen  by  the  bosses  on  the 
pipe,  the  metal  being  purposely  made  thicker  to 
prevent  the  chance  of  leaking  at  those  parts.  In 
some  eases,  however,  where  pipes  are  cast  m  large 
quantities,  they  are  moulded  from  wooden  patterns 
in  halves,  so  that  it  is  ouly  necessary  to  turn  the 
core.  The  moulds  for  crooked  pipes  and  branches 
arc  also  frequently  made  in  halves. 

Many  large  works  in  brass  are  also  moulded  in 
loam.  In  some  ornamental  works,  wax  is  employed 
for   (lie   thickness   and   tliis   is   melted   out   before 


for  the  pui-pose,  or  the  ornaments  moidded  in  wax 
and  fixed  on  the  clay  thickness  before  making  the 
cope.  In  completing  the  apertures  where  the  spindle 
passed,  a  dissected  wooden  pattern  of  the  central 
stem  and  of  the  six  cannons  or  cars  by  which  the 
bell  is  slung  is  attached :  these  parts  are  moulded  in 
soft  loam,  and  the  whole  being  dried  and  the  iron 
ring  for  the  clapper  inserted,  the  whole  is  ready  for 
the  pouring  pit.  The  heaviest  bells  are  moulded 
within  the  pit. 

Brass  guns  are  moulded  in  loam,  ui  the  following 
manner: — A  taper  rod  of  wood  much  longer  than 
the  gun  is  wound  round  with  soft  rope,  upon  which 
the  loam  is  put  for  makmg  the  rough  casting  model 
of  the  gun,  wliich  is  turned  to  a  templet,  and  the 
work  is  executed  over  a  long  fii'e  to  dry  it  as  it  pro- 
ceeds. The  model  when  dry  is  covered  with  a  shell 
of  loam  about  3  inches  thick,  secured  by  u-ou  bands, 
which  is  also  dried.  The  taper  bar  is  then  driven 
out  from  its  small  end,  the  coil  of  rope  is  also  pulled 
out,  as  well  as  every  piece  of  the  clay  model.  The 
parts  for  the  cascabel  and  ti-unnions  are  worked 
separately  on  wooden  models,  and  are  then  attached 
to  the  slicll.  Ornamental  figures  are  modelled  in 
wax  and  fixed  ou  the  clay  mould  before  the  shell  is 
fonned,  and  are  afterwards  melted  out  before  casting. 
Six,  eight,  or  more  of  these  loam  cases  or  shells  are 
.sunk  perpendicularly  into  a  pit  at  the  mouth  of  the 
furnace,  and  the  earth  is  carefully  rammed  round 
ihem ;  a  vertical  runner  is  made  to  each  mould,  tc 
enter  either  at  the  bottom  or  not  higher  than  th( 
trunnion :  the  nmners  all  terminate  in  the  bottom  of 
a  long  trough,  at  the  further  end  of  which  is  a  squan 


nole  to  receive  the  surplus  metal.  "  In  casting  brass 
guns,  tapping  the  furnace  is  rather  a  ceremony,  and 

•tairdy  an  imposing  sight :  the  middle  and  the  end 
of  the  trough  are  each  stopped  by  a  shovel  or  gate 
held  across  the  same ;  and  the  ruimers  are  stopped 
by  long  kon  rods,  there  being  a  man  to  each.  When 
all  is  pronounced  to  be  readi/,  the  stopper  of  the 
furnace  is  driven  uiwards  with  a  long  heavy  bar. 
swung  horizontally  by  two  or  three  men,  and  the 
metal  quickly  fiUs  the  trough ;  on  the  word  of  com- 
mand, "  Number  1,  draw,"  the  metal  flows  in'.o  the 
first  mould,  and  fills  it  quickly  but  quietly  from  the 
bottom ;  the  mould  being  open  at  the  top,  no  air  can 
be  accidentally  enclosed.  Numbers  2,  3,  and  4  are 
successively  ordered  to  draw.  The  first  shovel  is 
then  removed  from  the  great  channel,  and  now  the 
gnus  5  to  S  or  10,  as  the  case  may  be,  are  shnilarly 
poured  and  filled  to  the  level  of  the  trough;  after 
wliich  the  last  shovel  is  withdrawn,  and  the  residue 
of  the  metal  is  allowed  to  run  into  the  square  bed  or 
pit  prepared  for  it.  The  flow  of  metal  from  the 
furnace  is  regulated  by  the  tapping  bar,  the  end  of 
which  is  taper,  and  is  thrust  more  or  less  hito  the 
mouth  of  the  furnace  as  required :  the  trough  and 
runners  are  thus  kept  entirely  full,  which  is  an  im- 
portant point  m  most  cases  of  pouring,  as  it  prevents 
a  current  of  air  being  earned  down  by  the  metal. 
Large  bells  are  poured  much  in  the  same  manner, 
except  that  the  runners  are  at  the  top,  and  the  metal 
runs  from  the  great  cliatmel  through  smaller  ones  to 
each  sunk  mould,  the  stoppers  for  which  are  suc- 
cessively drawn.  For  quantities  of  brass  interme- 
diate between  the  charge  of  an  ordinary  crucible,  and 
such  as  require  the  reverberatory  furnace,  the  large 
ladles  or  shanks  of  the  iron-founder  are  used ;  the 
contents  of  4  or  C  crucibles  being  poured  into  the 
shank  as  quickly  as  possible,  and  thence  in  one  stream 
into  the  mould." 

The  furnace  used  for  melting  the  iron  for  casting, 
is  a  blast  or  cujiola  furnace,  although  the  cupola  or 
dome  leading  to  the  chimney,  from  which  it  probably 
derives  its  name,  is  frequently  omitted  At  the  base- 
ment is  a  pedestal  of  brick-work  20  or  30  inches 
high,  on  which  is  erected  a  cast-iron  cylinder  from 
5  to  S  feet  high,  and  from  30  to  40  mehes  diameter : 
this  is  furnished  with  a  lining  of  road-di'ift  and  other 
badly  conducting  substances,  which  contract  its  in- 
ternal diameter  to  18  or  24  inches.  It  is  open  at  the 
top  for  the  escape  of  flame,  &c.,  and  for  the  admission 
of  the  charge  of  pig-iron,  waste  or  old  metal,  cnke 
and  Ihne,  hi  proper  proportions.  The  Hme,  which  acts 
as  a  flux,  is  sometimes  provided  in  the  shape  of  chalk 
and  oyster  shells.  The  back  of  the  furnace  is  pro- 
vided with  holes,  one  above  the  other,  for  the  blast, 
which  is  urged  by  bellows.  As  the  fluid  metal  collects 
at  the  bottom  of  the  furnace,  the  blast  pipe  is  removed 
to  a  higher  hole  and  the  lower  one  is  stopped  with 
sand.  The  front  aperture,  by  which  the  melted  metal 
is  drawn  off,  is  made  sufficiently  large  to  allow  the 
fuel,  slag,  &c.,  to  be  rapidly  raked  out,  as  the  intense 
heat  renders  this  operation  an  arduous  one.  This 
opening  is  closed  by  a  guard-plate  fixed  on  by  staplu.s 
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attached  to  the  iron  ease   of  the   furaaee:   in  the 
centre  of  this  jihife  is  the  tapping  hole,  which  is 
f^'.n-r  I  J  III'  .   iLr  I, irlting  with  sand  well  rammed  in. 
1  'IL^  several  of  these  furnaces  aie 

w  ,  ;  r  ;  but  a  smgle  cupola  has  been 

m.Jr  In  o:i,i  i,!i  npwurds  of  12  tons  of  mdtid  mm 

The  proportioning  of  the  charge  for  the  1 1  u  1 1  i     i     . 
requires  much  judgment :  it  always  consists  (  I 
often  of  six  kinds  of  new  pig-iion  mixed  t  ,  i 

which  new  iron  and  a  small  proportion  ol  .    ■  . 
iron  is  usually  added.     For  sound  castiii_s  ^  iih    i 
smooth  face,  as  for  ornamental  woiks,  the  s  ,,'  Iw  1^ 
of  iron  containing  most  eaibon  are  used     ih  < 

more  fusible  and  flow  easily.  Incasfingsfm  i 
the  object  is  to  obtain  a  strong,  sound  and  i 
Between  the  extremes  of  3  parts  pig-nou  i 
old,  or  3  parts  of  old  to  1  of  pig-n-on,  Taimns  1 1 
may  be  selected ;  but  this  is  a  point  which  di  pi  n  1 
.■!o  nmcli  on  the  experience  of  the  founder,  that  vci_\ 
little  pan  be  safely  written  on  the  subject. 

\Vl:rn    rvr-rviv'inrr   is   icady  for  casting,  the  huk 
ir  :i     '.    1      '  f  t lie  cupola  is  tapped,  and  the  cuu- 

;i  ,  'I        .,    il.s,or,mlarge  works,  into  cliann(,l3 

Irii,,.  i!  I  i:.  1(1  the  moulds.  Onenian  will  cany 
frnin  no  to  TUlljs.  in  a  hand-ladle ;  "or  3  to  5  men 
will  carry  from  2  to  4  cwt.  in  a  double  hand-ladle 
or  shaitk:  larger  quantities,  amoiuiting  to  from  3 
to  0  tons,  are  caiTied  in  the  crane-ladle.  These 
ladles  arc  all  coated  with  a  thin  lajer  of  loam, 
and  every  time  they  are  used  are  biushcd  over 
with  black- wash  aird  carefully  diicd.  The  haud- 
ladle  has  a  handle  3  or  4.  feet  long,  with  a  crutch 
or  cross-piece  at  the  end.  The  shank  has  a  single 
handle  on  one  side,  and  a  handle  with  two  branches 
on  the  other,  measuring  together  0  or  S  feet :  the 
tUtiug  is  managed  by  the  man  or  2  men  at  the 
double  handle.  The  crane-ladle  is  carried  from  the 
furnace  to  the  mordd,  by  the  motions  of  the  crane. 
The  bail  or  handle  is  fixed  by  a  bolt  or  guard,  to 
prevent  the  ladle  being  overset,  until  it  has  reached 
its  destination.  Two  long  handles  with  foiked 
branches  are  fitted  by  their  square  sockets  npon  the 
swivels  or  pivots  of  the  crane-ladle,  and  seciu-cd  by 
transverse  keys ;  the  guard  is  then  removed,  and  then 
2  men  at  the  ladle,  2  others  at  the  crane,  and  1  to 
skim  the  dross  from  the  lip  of  the  ladle,  are  sufficient 
to  manage  2  or  3  tons  and  upivards  of  fluid-iron. 
"  When  cast-iron  is  very  hot  the  metal  scintillates 
most  beautifully,  far  more  vividly  than  a  mass  of 
wrought-iron  raised  above  the  welding  heat :  as  the 
metal  cools  the  sparks  become  intermittent,  and  at 
last  the  metal  is  entu-ely  quiet,  excepting  a  multitude 
of  lines  vibrating  in  all  du-cctious,  as  if  the 
were  covered  with  thousands  of  wire-woims  in  gieat 
activity:  this  effect  lessens  until  the  niftal  solidifies. 
The  softest  iron  shows  most  of  this  play  of  lines,  and 
is  said  to  break  the  best.  Tlie  poming  of  vciy  largo 
objects  in  open  moidds,  such  as  pi  itcs,  be  uns,  giulcis, 
&c.  is  a  very  beautiful  andciiand  si_jlit  Tlu  md  d  is 
led  from  the  furnace,  thiougli  aguttci  liiii  d  with  s  md, 
Into  alargc  trough  or  sow,'"the'cnd  of  \iliich  is  closed 
mth  a  shuttle :  when  the  sow  is  full  the  shuttle 


raised :  this  alio  vs  the  metal  to  flow  very   quickly 
into  the  mould,  but  enables  it  to  be  kept  back,  should 


it  be  mm 


.  ule  ii 


tlie  metal  is  set." 

The  larger  number  of  castings  arc  in  thehoiizontal 
position,  but  cyhnders,  pipes,  shafts,  &e.,  and  woiks 
which  aie  reqniicd  to  be  parliculaily  round  are  cast 
vcitically.  In  this  case  all  the  precautions  befoie 
explained,  for  giving  the  mould  suflicicnt  strength  to 
resist  the  picssuie  of  the  fluid  metal,  must  be  adopted, 
but  as  soon  as  the  metal  is  set  this  icsistance  must 
be  removed  from  the  inner  sur''acp,  in  order  that  the 
cylinder  may  shiink  in  cooling  without  restiaint. 
Accordingly,  a  few  hours  after  the  casting  all  the  dia- 
metrical iron-stays  are  knocked  away  by  a  vertical 
weight  or  monkey,  and  men  descend  by  iron  ladders 
into  the  cylinder  to  bieak  down  the  biick  core;  but 
the  heat  is  so  intense,  that  they  cannot  remain  above 
a  minute  or  so  at  a  time.  The  precaution  is  however 
quite  necessary  to  prevent  fiactuie,  and  even  in  small 
castings  of  hoUow  objects,  it  is  dcshable  to  bicak 
down  the  cores  to  prevent  them  fiom  scoiuig  or 
breaking. 

When  the  castings  are  removed  from  the  mould, 
the  runners  are  broken  off,  and  the  loose  sand  scraped 
off  with  iron  shovels,  wire  brushes,  8.c ,  and  the  scams 
are  smoothed  off  with  chisels  and  files.  The  skm  or 
crust  of  castings  made  in  sand  moulds,  is  generally 
hauler  than  that  of  loam  castings.  In  some  cases,  is 
in  the  teeth  of  wheels,  it  is  desirable  to  retain  this 
hard  sand  crust  on  account  of  its  greater  durability. 
When  it  is  to  be  removed,  it  is  usual  to  pickle  the 
woiks  in  dilute  sulphuric  acid,  in  a  tiough  Imed 
with  lead,  or  to  sprinkle  the  acid  over  them,  and  m  a 


a  thin  c: 


isfoiiiird  V 
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time  of  the  commencement  of  the  final  stmggle  between 
Prussia  and  France  under  Napoleon.  The  country,  im- 
poverished by  long  and  unsuccessful  wars,  was  enabled 
to  straggle  with  her  oppressor  chiefly  by  the  patriotism 
of  her  sons,  who  yielded  their  services,  and  of  her 
daughters,  who  sent  their  jewels  and  trinkets  to  the 
royal  treasury.  Those  who  made  this  sacrifice  received 
in  return  rings,  crosses,  and  other  ornaments  in  cast- 
ii'on,  which  bore  the  inscription,  Ichgab  Gold  um  Eisen, 
"  I  gave  gold  for  iron,"  and  to  the  present  day  these 
articles  are  vahied  as  heii-looms  in  the  families  of  the 
douors.  The  foundry  is  at  Berlin,  and  strangers  are 
admitted  to  witness  the  operations.  The  castings  are 
not  confined  to  trinkets ;  busts,  statuettes,  bas-reliefs, 
&o.  are  cast  with  great  delicacy  and  fineness  of  im- 
pression, as  well  as  minute  filagree  ornaments.  Such 
is  the  fineness  and  delicacy  of  the  separate  arabesques, 
rosettes,  medallions,  &c.,  of  which  the  larger  ornaments 
are  composed,  that  it  requires  nearly  10,000  of  them 
to  make  up  a  pound  weight.  The  price  increases  in 
proportion  to  the  fineness,  and  taking  the  price  of 
grey  iron  from  which  these  ornaments  are  made  at  6s. 
per  cwt.,  the  value  of  the  material  is  increased  1,100 
times  in  the  coarser  articles,  and  9,827  times  in  the 
finest.  The  excellence  of  these  castings  is  said  to  be 
due  both  to  the  quality  of  the  iron,  and  to  the  care 
bestowed  on  the  moulds,  which  are  formed  of  a  very 
fine  sand  mixed  with  a  small  portion  of  clay.  Professor 
Ehrenberg  says  that  the  iron  employed  is  made  from 
a  bog-iron  ore,  and  that  the  sand  is  a  kind  of  tripoli 
also  containing  iron :  both  are  entirely  constituted  of 
various  kinds  of  animalcules,  several  of  which  are 
found  both  in  the  fossil  and  recent  states  in  the 
neighbourhood  of  Berlin. 

One  of  the  most  delicate  and  difficult  operations 
connected  with  casting  is  the  formation  of  specula 
for  reflecting  telescopes.  This  subject  has  of  late 
years  received  some  important  improvements  at  the 
hands  of  the  present  noble  President  of  the  Royal 
Society,  the  details  of  wliioh  are  so  exceedingly  in- 
teresting in  a  mechanical  point  of  view,  that  we 
propose  to  give  a  tolerably  full  abstract  of  them. 

In  the  year  1840,  Lord  Oxmantown  (now  Earl 
Rosse)  communicated  to  the  Royal  Society  of  London 
"  an  account  of  experiments  on  the  Reflecting  Tele- 
scope," the  results  of  which  were,  "that  specula  can 
be  made  to  act  eflectively,  cast  of  the  finest  speculum 
rnetal,  in  separate  portions,  retained  in  their  positions 
by  an  alloy  of  zinc  and  copper,  as  easily  wrought  as 
common  brass,  and  that  they  can  be  executed  in  this 
manner  of  any  required  size ;  that  castings  of  the 
finest  speculum  metal  can  be  executed  of  large  di- 
mensions, perfect,  and  not  very  liable  to  break  ;  that 
machinery  can  be  employed  with  the  greatest  advan- 
tage in  grinding  and  polishing  specula ;  tliat  to  obtain 
the  finest  polish,  it  is  not  necessary  that  the  speculum 
should  become  warm,  but  that  any  temperature  may 
be  fixed  upon  and  preserved  uniform  during  the 
whole  process ;  and  that  large  specula  can  be  polished 
as  accurately  as  small  ones,  and  be  su])ported  so  as 
to  be  secured  from  flexure." 

To  avoid  the  brittleness  of  the  best  speculum  metal. 


it  had  hitherto  been  found  necessary  as  the  dmiensions 
were  increased  to  use  an  increased  proportion  of 
copper,  so  that  the  alloy  was  inferior  in  brilliancy, 
yellower,  and  much  more  liable  to  tarnish.  In  polish- 
ing large  sui-faces  there  were  gi-eat  and  peculiar  diffi- 
culties, all  the  defects  having  a  tendency  to  augment 
rapidly  with  the  size,  and  proportionately  to  impair 
the  defining  power. 

Tin  and  copper,  the  materials  employed  by  Newton 
in  the  first  reflecting  telescope,  are  preferable  to  any 
other ;  the  best  proportions  being  4  atoms  of  copper 
to  1  of  tin,  or  126.4  copper  to  58.9  of  tin.  This 
alloy,  as  well  as  every  other  speculum  metal  examined 
by  the  author,  is  porous,  and  the  porosity  can  be 
detected  mth  a  simple  Coddington's  microscope. 

The  refined  copper  as  it  is  procured  from  the 
merchant,  and  the  best  block  tin  are  the  materials. 
The  difficulties  experienced  by  Herschel  and  others 
in  safely  casting  and  polishing  a  very  large  speculum 
were  proposed  by  Lord  Rosse  to  be  got  rid  of  by 
uniting  several  castings  into  one  reflecting  surface, 
and  as  the  best  means  of  effecting  that,  to  solder  them 
upon  an  aUoy  of  1  zinc  and  2.75  copper,  which  expands 
and  contracts  in  the  same  proportion  as  speculum 
metal.  To  test  tliis  a  bar  was  cast  of  speculion 
metal,  15  inches  long  and  1^  inch  square.  Similar 
]  bars  -I  inch  thick  were  cast  of  the  alloys  to  be  tried, 
containing  a  little  more  or  less  zinc  than  the  pro- 
portions here  given.  A  piece  of  brass  consisting  of 
2.75  copper  to  1  zinc  was  also  cast  and  soldered  to 
the  bar  of  speculum  metal.  Fig.  544,  where  a  B  is 


speculum  metal,  c  d  brass,  and  e  p  the  bar  of  alloy, 
with  a  small  excavation  in  the  lower  end  fitted  by 
grinding,  so  as  to  rest  steadily  on  the  hemispherical 
disk  G.  A  thin  slip  of  brass  was  also  soldered  at 
the  upper  end  of  the  bar  of  speculum  metal,  and  the 
two   bars  made  to  fit  neatly  there,  so  that  when 

I  brought  together,  a  very  fine  line  could  be  drawn  ■ 
across  them  with  scarcely  any  troublesome  parallax 
at  the  joint ;  the  whole  was  then  immersed  almost  to 
the  top  in  a  tin  vessel  of  water  of  the  temperature  of 
the  atmosphere,  and  that  vessel  placed  in  another 
much  larger,  also  containing  water.  Pieces  of  ice 
were  then  dropped  into  the  outer  vessel,  so  that  the 
temperature  of  the  whole  was  evenly  and  gradually 
brought  down  to  nearly  32°,  and  a  straight  line  as 
fine  as  possible  was  then  drawn  across  both  bars,  and 
examined  with  a  microscope  to  ascertain  that  it  was 

,  perfect.  The  temperature  was  then  gradually  raised 
by  pouring  hot  water  into  the  outer  vessel,  to  nearly 

;  212°,  and    the    line  was    again   examined  with    a 


CASTING  AND  FOUNDING. 


317 


microscope,  and  -when  the  alloy  had  been  made  by 
mixiiig  2.74  copper  with  1  of  zinc,  and  the  loss  in 
melt  iiig  ainonnted  to  rsTrth  of  the  whole,  the  con- 
tinuity of  the  line  was  not  broken  in  that  range  of 
temperature;  according,  however,  as  the  proportion 
of  the  zinc  was  more  or  less,  the  expansion  of  the  brass 
bar  was  greater  or  less  than  that  of  speculum  metal. 

Speculum  metal  and  brass  cannot  be  soldered 
together  by  the  ordinary  methods,  except  on  a  very 
small  scale.  But  they  may  be  soldered  by  first  fitting 
the  brass  and  speculum  metal  nicely  together  by 
fitting  or  grinding.  The  brass  is  then  to  be  tinned 
and  suffered  to  cool.  Scrape  the  surface  of  the  spe- 
culum metal  lightly  all  over  with  a  sharp  chisel; 
then  place  the  two  surfaces  in  contact,  and  a  slight 
pressui-e  may  be  applied  after  the  fusion  of  the  tin, 
and  continued  until  it  is  again  solid.  The  tem- 
perature should  then  be  gradually  raised  till  the  tin 
melts ;  and  then,  but  not  till  then,  resin  is  applied 
in  fusion,  and  also  a  little  melted  tin.  If  resin  or 
tin  be  applied  in  the  solid  state,  owing  to  their  rapid 
absorption  of  heat  in  heooming  fluid,  they  wdl  crack 
the  speculum  metal.  The  sui-faees  may  be  slightly 
separated,  so  as  to  ascertain  that  the  speculum  metal 
is  tinned  all  over,  which  will  be  the  case  when  the 
temperatui-e  reaches  400°.  The  whole  must  thou  be 
suffered  to  cool  gradually. 

In  casting  the  alloy  of  zinc  and  copper  some  pre- 
cautions are  necessary  to  prevent  so  much  of  the 
zinc  being  volatilized,  and  thus  producing  speeuli 
metal  of  varying  and  uncertain  composition.  Char- 
coal in  fine  powder  must  be  spread  over  the  surface 
of  the  metal  in  the  crucible  in  a  layer  3  inches  thick, 
and  occasionally  renewed  by  throwing  it  in,  folded 
up  in  paper.  With  this  precaution  the  loss  will  be 
about-YFijth,  and  almost  exactly  the  same  each  casting. 

The  proportions  of  zinc  and  copper  having  been 
determined,  the  brass-work  was  first  cast.  The 
figures  will  show  how  the  materials  were  disposed  of. 
Fig.  545  represents  one-eighth  part  of  the  whole  seen 


the  bolts  tightened  to  the  utmost,  so  as  to  make  close 
joints.  In  this  state  the  speculum  was  turned,  plated 
with  speculum  metal  and  polished.  A  flexvu-e  was, 
however,  observed  in  this  speculum,  and  it  was  sup- 
posed that  the  solder  was  not  everywhere  perfect. 
The  plates  of  speculum  metal  were  therefore  taken 
off,  and  the  joints  secured  by  bedding  the  whole  mass 
of  brass-work  in  easting-sand ;  over  it  there  were 
about  3  inches  of  sand.  The  sand  was  then  removed 
from  the  centre,  so  as  to  expose  a  circular  surface  about 
IJ  inch  diameter,  and  about  45  lbs.  of  very  hot 
melted  brass,  in  the  same  proportions  as  the  brass 
speculum,  were  poured  upon  it  m  a  continuous  stream 
from  a  height  of  about  10  inches  ;  the  sand  having 
been  so  arranged  that  after  the  melted  brass  had 
reached  the  depth  of  3  inches,  the  rcuiainder  con- 
tinued to  flow  ofi'.  '1'!'!^  Hifltf.l  l«. '-^  soon  fused  the 
cold  metal,  and  pcrfi  ■   '    vi  i:.  !  ■■  ''i  it   at  tlio  pl.we 


difl'ercut  plac 


When  I 


speculum  ah 


iigle  casthig.     Fig.  547,  the  whole 

)  seen  in  the  reverse ;  and  Fig.  546  seen 

le,  previous  to  the  soldermg  on  of 


the  plates  of  speculum  metal ;  Fig.  54S,  the  speculum 
complete,  faced  with  10  plates  of  speculum  metal. 
The  whole  depth  of  the  brass-work  was  SJ  inches, 
and  weighed  about  450  lbs.  The  sides  i  b,  Fig.  545, 
were  made  square  and  true,  and  then  tinned,  and  the 
whole  bolted  together  with  iron  bolts.  The  tempera- 
tui-e  was  then  raised  till  the  tin  was  in  fusion,  and 


r  figures.  It 
r,  but  failed, 
■moved  with  a 


was  pfrr((.:  il/i'  :::   !',<■  Ii 'ii;:  -l'  I  In  •  fused  metal, 

proceeding  no  doubt  from  expansion  and  contraction 
after  the  brass  had  ceased  to  be  fluid,  but  before  it 
had  become  ductile.  This  process  is  used  by  the 
brass-founder  in  stopping  holes  in  defective  castings ; 
he  calls  it  burning.  To  secure  the  joint  at  c  c  holes 
about  1^  inch  diameter  were  bored  completely  through 
at  e,  and  the  intermediate  brass  chiselled  out.  They 
were  then  filled  with  melted  brass,  which  was  easily 
done  by  imbedding  the  whole  in  sand ;  clearing  the 
sand  completely  out  of  the  spaces,  and  pouring  the 
brass  into  each  through  a  hole  in  a  flat  surface  of 
sand  packed  in  a  small  flask ;  when  the  brass  cooled, 
the  contraction  was  srdfioient  to  draw  the  joint  firmly 
together.  As  any  further  yielding  in  the  joints  \ 
now  judged  to  be  impossible,  the  speculum  was  again 
placed  on  the  lathe  and  turned  to  a  radius  of  54  feet, 
and  new  plates  of  speculum  metal  prepared  for  it. 

Although  none  of  these  plates  exceeded  9  inches 
square,  much  difficulty  was  experienced  in  casting 
them.  When  cast  in  sand  they  were  seldom  free 
from  flaws,  and  although  cooled  very  slowly  were 
extremely  brittle,  sometimes  flying  in  pieces  the 
moment  they  were  touched,  and  generally  breaking 
in  attempting  to  heat  them  for  soldering.  As  the 
broken  pieces  of  these  plates  did  not  fit  each  other, 
the  metal  had  evidently  been  in  a  state  of  tension, 
owing  to  the  edges  of  the  plates  becoming  solid 
sooner  than  the  centre.  If  it  were  possible  to 
abstract  the  heat  rapidly  and  equally  from  the  lower 
surface  of  a  fluid  disk  of  speculum  metal,  so  that  it 
should  solidify  from  the  bottom  upwards  in  thin 
laminse,  the  surface  being  the  last  to  solidify,  a  perfect 
castmg  would  be  obtained;  for  the  particles  in  that 
case  being  deposited  in  such  a  way  as  to  fill  up  the 
interstices,  there  would  be  no  flaws ;  but  the  teni- 
peratm-e  being  uniform  in  a  horizontal  direction,  and 
in  the  vertical  varying  in  reg)ilar  gradation  from  the 
lower  surface  to  the  upper,  there  would  be  no  strain. 
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This  adjustment  of  temperatui'e  was  tried  in  two 
ways;  the  one  by  cooling  the  lower  sm-face  of  a 
mould  containing  the  liquid  speculum  metal,  while 
the  heat  of  the  upper  remained  undiminished;  the 
other  by  constructing  the  moidd  itself,  so  that  the 
lower  surface  should  absorb  the  heat  rapidly,  and  the 
upper  retain  it.  Both  were  tried ;  the  first  by  making 
the  mould  of  cast-iron  in  which  the  metal  was  fused, 
and  then  exposing  its  lower  surface  to  the  action  of 
a  jet  of  cold  water.  The  result  was  favourable,  but 
the  mould  frequently  cracked  and  spoiled  the  casting. 
By  the  second  plan  the  bottom  of  the  mould  was 
made  of  iron  and  the  sides  of  sand :  when  an  iron 
plate  was  used,  bubbles  of  air  were  often  entangled 
between  it  and  the  speculum  metal,  producing  cavities 
which  had  to  be  ground  out:  the  iron  disk  was 
tlicrefore  replaced  by  one  made  of  pieces  of  hoop- 
iron,  placed  side  by  side  with  their  edges  up,  tightly 
packed  in  an  iron  frame ;  the  edges  were  brought  to 
a  smooth  surface  of  the  proper  curve  either  by  the 
fde  or  lathe.  A  porous  metallic  surface  was  thus 
formed,  through  which  the  air  could  pass  freely. 
This  plan  was  so  successful,  that  of  16  plates  cast 
for  the  three-feet  speeulmn,  not  one  was  defective. 
The  disk  of  hoop-iron  must  be  as  thick  as  the  speculum 
to  be  cast  upon  it,  so  as  to  cool  with  sufficient 
rapidity:  it  requires  to  be  warm  (212°),  so  that  no 
moisture  be  deposited  on  it  from  the  sand.  The 
metal  should  enter  the  mould  by  the  side  ahnost 
iustautaneously.  The  temperatm-e  of  the  metal  is 
best  ascertamed  by  stirring  it  with  a  wooden  pole 
occasionally  after  it  has  become  fluid ;  when  the 
carbon  of  the  pole  reduces  the  oxide  on  the  surface 
of  the  metal,  and  renders  it  brilliant,  like  mercury, 
the  heat  is  suQicieut.  When  the  metal  has  become 
solid  in  the  ingate  or  hole  through  which  it  enters 
the  mould,  the  plate  is  to  be  removed  quickly  to  an 
oven  heated  a  Kttle  below  redness,  to  remain  till 
cold,  which  where  the  plates  are  9  inches  in  diameter, 
should  be  3  or  1  days  at  least. 

The  metal  which  had  filled  the  ingates  having  been 
separated  from  the  plates  by  a  file,  they  were  fitted 
to  the  brass  speculum  by  grinding  each  separately  by 
hand  upon  it  till  brought  to  the  same  curve.  The 
surface  of  the  brass  speculum  was  then  scraped  and 
tinned,  and  when  cold  all  the  resin  was  removed  by 
washing  it  with  turpentine  and  then  with  soap  and 
water.  The  lower  sm-faees  of  the  plates  which  fitted 
the  brass  speculum  were  scraped  with  broad  flat 
cliiscls  of  hard  steel,  and  then  arranged  ia  their 
places  on  the  brass  speculum  placed  in  an 
arranged  like  a  sand-bath,  so  as  to  be  heated  entirely 
by  hot  air.  In  about  S  houi-s  the  tin  on  the  speculum 
was  fused,  and  then  melted  resin  was  poured  in 
between  the  plates;  fused  tin  was  also  afterwards 
apiilifd  in  (he  same  manner,  and  the  plates  moved 
a'  little  backwards  and  forwards.     As  soon  as  from 

the  aspect  of  the  cnIjv.  i.i   iln    y\ ,  it  was  certain 

that  the  tin  was  an  -luia  metal,  the 

fire  was  almost  all  ,,  :  ,  .  i  lin  temperature 
not  suffered  to  rise.  '11m:  J'  :.i's  ,  ;  ihc  plates  were 
now  made  straight,  and  kept  upcn  about  ^  inch  by 


chips  of  wood :  the  whole  was  then  sufl^ered  to  cool 
gradually,  and  in  five  days  it  was  ready  to  be  ground. 

The  perfect  union  of  the  plates  with  the  brass  spe- 
culum, depends  upon  the  fact  that  if  aplate  of  speculum 
metal,  scraped  as  directed,  be  laid  upon  a  clean  surface 
of  tinned  brass,  and  the  temperature  raised  a  little 
beyond  the  fusmg  point  of  tin,  and  then  melted  resin 
and  tin  applied,  the  plate  of  speculum  metal  will  be 
tinned  all  over  aud  the  union  be  perfect.  But  if  the 
resin  be  applied  at  the  beginning  of  the  process,  and 
therefore  exposed  for  hours  to  an  increasing  tem- 
peratuie,  the  resin  will  become  decomposed  and 
prevent  the  success  of  the  operation. 

Perfect  plates  of  speculum  metal  of  moderate 
dimensions  having  been  cast,  a  trial  was  made  on 
a  larger  scale,  and  a  perfect  disk  of  fine  speculum 
metal  20  inches  in  diameter  was  obtained,  and  re- 
cently, so  large  a  disk  as  3  feet  was  east  perfect  and 
finished  without  accident.  The  disk  was  about  3J 
inches  thick,  and  weighed  about  13  cwt.  The  metal 
for  it  was  fused  in  two  cast-iron  crucibles.  It  is 
curious  that  iron  crucibles  cast  in  the  usual  way  with 
the  mouth  down  are  generally  defective,  and  the 
fused  speculum  metal  will  escape  through  minute 
pores  iu  the  crucible  not  visible  externally,  just  as 
mercury  passes  through  the  sap  vessels  of  wood 
But  when  crucibles  are  cast  with  the  mouth  up  there 
is  no  such  defect.  Lord  Rosse  east  olie  wliieh  held 
15  cwt.,  in  which  the  speculum  metal  was  made ;  but 
as  two  crucibles  of  half  the  size  were  more  manage- 
able with  less  machinery,  tliey  were  used  in  casting 
the  speculum:  they  were  raised  from  the  furnaces 
by  proper  tackling,  and  placed  in  iron  swing  frames, 
so  contrived  that  each  crucible  of  metal  could  be 
thrown  almost  instantaneously  into  the  mould.  The 
fuel  used  is  wood  or  peat,  which  is  less  injurious 
than  coke  upon  the  crucibles.  The  mould  was  made 
in  the  same  mamicr  as  in  casting  the  plates,  differing 
from  it  merely  in  shape  and  dimensions :  it  was  what 
founders  call  an  open  one.  The  disk  of  hoop-iroa 
was  made  ckcular,  3^  feet  iu  diameter,  3^  inches 
thick,  and  turned  upon  a  lathe  to  a  radius  of  51  feet. 
The  speculum  was  cast  with  a  groove  round  the 
edge,  so  that  it  might  be  securely  embraced  by  a 
circular  clamp  tightened  upon  it  with  screw-bolts,  to 
which  the  proper  tackling  could  be  hooked  when  it 
was  required  to  move  it.  When  the  metal  had  become 
solid,  but  was  still  red-hot,  a  strong  hoop  somewhat 
larger  than  the  diameter  of  the  speculum  was  placed 
upon  it ;  to  this  hoop  a  chain  from  a  windlass  passing 
through  the  aimealing  oven  had  been  previously 
attached,  and  by  the  action  of  the  windlass  the 
speculum  was  drawn  into  the  hot  oven,  and  every 
opening  closed :  iu  about  a  fortnight  it  was  cool,  aud 
was  found  to  be  free  from  blemish. 

On  comparing  the  speculum  thus  formed  at  a 
single  casting,  with  that  formed  by  combining  a 
number  of  small  castings,  no  appreciable  difference 
was  fomid  as  to  dell;iiug  power ;  both  were  free 
from  flexure  in  tlie  different  positions  of  the  instru- 
ment, and  defined  equally  well  when  polished  with 
equal  success.     With  a  single  lens  of  ^  inch  focus, 
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giving  a  power  of  about  1,300,  they  have  both  shown 
satisfactorily  the  dots  on  the  dial  plate  of  a  watch 
more  distinctly  than  a  very  good  refractor  with  a 
much  lower  power. 

Before  the  speculum  is  polished,  it  is  worked  to 
a  spherical  figure  by  griiidbig,  a  process  in  which  the 
mutual  attrition  of  the  speculum,  and  a  mass  of 
nearly  equal  size  of  some  hard  substance,  eventually 
produces  a  figure  nearly  spherical,  notwitlistandiug 
the  irregularities  of  the  surfaces  of  eitlier  or  both  at 
the  eommcnccment  of  the  operation.  But  although 
the  accuracy  usually  attained  is  so  great,  that  mecha- 
nical means  fail  to  detect  any  deviation  from  the 
proper  figure,  yet  by  optical  means,  in  fact  by  trial 
in  a  telescope,  the  defects  arc  at  once  apparent,  and 
among  a  variety  of  specula,  examples  may  bo  found 
of  every  grade  of  defining  power,  from  the  speculum 
which  is  almost  perfect  to  that  which  does  not  define 
at  all.  These  difTcrenoes  arise  from  variations  in  the 
extent  or  relative  velocities  of  the  motions  by  which 
the  necessary  friction  is  produced;  .alterations  of 
temperature;  or  some  accidental  i  ^  - m  -!  ;  _  ilic 
process.    It  was  always  suppo>i>!  ill 

not  be  polished  successfully  exf(  I'!  ;  i  H  .  i  ;  i  nl 
so  long  back  as  1S2S,  Earl  Ilosjc  i-iL:'     .  >  li 

of  a  machine  for  grinding  and  polisUii.-         >   i 
This  machine,  edargcd  so  as  to  be  capable  i  i 
a  speculum  3  feet  diameter,  and  otherwise  ii  i,.,  .,i  u, 
xas  used  on  the  present  and  many  other 


and  in  working  large  surfaces  a  degree  of  precision  is 
attamed  which  by  the  hand  is  impossible.  The 
machine  in  its  present  state  is  shown  in  Pig.  550, 
where  s  is  a  shaft  cormeeted  with  a  steam-engine, 
(one  horse-power  is  sulScicnt ;)  e  an  eccentric,  ad- 
justable by  a  screw-bolt  to  give  any  length  of  stroke 
from  0  to  18  inches ;  J  a  joint ;  G  a  guide ;  c  a  cistern 
of  water  in  which  the  speculum  revolves ;  e'  another 
eccentrie,  adjustable  like  the  first  from  0  to  18 
mchcs.  The  bar  g-s!  passes  through  a  slit,  and 
therefore  the  pin  at  e'  necessarily  tunia  on  its  axis  in 
the  same  time  as  the  eccentric ;  s  p  is  the  specidum 
in  its  box,  immersed  in  water  to  witliin  1  inch  of  its 
surface,  and  p  the  polisher,  which  is  of  cast-u-on  and 
weighs  about  SJ  cwt. ;  d  is  a  disc  of  wood  connected 
with  the  polisher  by  strings  hooked  to  it  in  C  places, 
each  two-thirds  of  the  radius  from  the  centre.  At 
D  is  a  swivel  and  hook,  to  which  a  rope  is  attached 
connecting  the  whole  with  the  lever  l,  so  that  the 
polisher  presses  upon  the  specidum  with  a  force 
equal  to  the  difference  between  its  own  weight  and 
that  of  the  counterpoise  w.  For  a  speculum  3  feet 
diameter,  the  counterpoise  is  made  10  lbs.  lighter 
than  tlie  polisher.  The  bar  ^e'  fits  the  poUshcr 
iiirrly  but  not  tightly,  so  that  the  polisher  turns 
li  1  !v  roimd,  usually  about  once  for  every  15  or  20 
iMmus  of  the  speculum,  and  it  is  prevented  by 
1  ails  fi'om  accidentally  touching  the  specuhmi, 
and  from  pressmg  upon  tlie  polisher,  by  the  two 
guides  through  which  its  extremities  pass.  Li  Fig. 
549  this  bar  is  shown  on  a  larger  scale.  The  wheel 
E  makes,  when  polishing  a  3-fcet  speculum,  10  re- 
volutions per  minute ;  to  polish  a  smaller  speculum 
the  velocity  is  increased  by  changing  the  pulley  on 
the  shaft  s.  The  machine  is  in  a  room  at  the  bottom 
of  a  high  tower,  and  doors  can  be  opened  in  the 
ors,  so  tliat  a  dial-plate  placed  perpen- 
dicularly over  the  speculum  can  be  examined  at  any 


icd  to  a  mast,  so  as  I  p.art  of  tlic  nmcliincry  shoidd  become  fast  the  ban 
r  and  about  00  feet    falls  off  or  breaks,  and  no  mischief  is  done. 


from  the  speculum  ;  and  a  small  fiat  metal  eye-piece 
with  its  proper  adjustments  completes  the  arrange- 
ments for  a  Newtonian  telescope.  This  simple  con- 
trivance greatly  facilitated  the  progress  of  the  ex- 
periments. All  the  motions  of  the  maehiue  were 
produced  by  bands  3  inches  wide  instead  of  cog- 
wheels, the  former  being  preferred,  because  if  any 


1  The  first  serious  difficulty  in  polishing  specula  of 
large  size  was,  that  when  the  layer  of  pitch  used  as 

I  a  bed  for  the  polishing  powder  was  thin,  as  it  must 
be  to  produce  a  good  figure,  however  accurately  it 
fitted  the  speculum  at  furst  it  soon  ceased  to  do  so, 
and  the  polishing  did  not  proceed  properly.  During 
the  operation  of  polishing,  the  abraded  matter,  mixed 
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'R'itli  the  polishing  powder,  is  in  part  taken  up  by  the 
pitch,  but  not  equally  over  the  -whole  sm-face.  As 
pitch  is  not  sensibly  elastic  with  a  moderate  pressure, 
wherever  most  is  taken  up  there  the  surface  will  be 
most  prominent,  and  the  figure  of  the  polisher  de- 
stroyed unless  the  pitch  can  spread  laterally.  It 
occurred  to  his  Lordship  that  by  grooving  the  layer 
of  pitch  provision  might  be  made  for  its  lateral 
expansion,  without  increasing  the  thickness  of  the 
layer,  which  is  most  objectionable.  The  experiment 
was  tried  by  reducing  the  thickness  of  pitch  one 
half,  and  making  fiuTows  in  it  by  means  of  a  hot 
iron  quite  down  to  the  metallic  plate ;  the  fuiTows 
were  2  inches  apart,  and  there  were  2  sets  at  right 
angles  to  each  other.  The  result  was  that  the  de- 
finiiig  power  of  the  speculum  was  immediately  much 
improved.  But  the  difficulty  of  keeping  the  furrows 
open,  of  preserving  the  figure  of  the  polisher,  and  of 
reducing  tlie  thickness  of  the  pitch  to  a  minimum, 
which  was  a  great  object,  still  existed ;  but  all  defects 
were  remedied  by  dividing  the  iron  disc  itself  instead 


cii-eular  grooves  in  it  f  iiich  deep  and  ^  inch  wide, 
and  also  grooves  at  riglit  angles  IJ  inch  apart,  J  inch 
wide,  and  i  inch  deep.  Fig.  552.  The  speciJum  was 
tiTily  gi-ound  with  the  polisher  first,  and  then  the  layer 
of  pitch  or  resinous  composition  applied,  the  grooves 
remaining  empty.  The  improvement  which  followed 
this  simple  device  was  decided;  for  the  divided 
3-feet  speculum  defined  better  with  a  power  of 
1,200  than  it  had  done  before  with  a  power  of  300. 
The  two  conditions  necessary  to  success,  are  that 
the  polisher  should  fit  the  speculum  exactly  during 
the  whole  process,  and  that  the  resinous  surface  in 
contact  with  the  speculum  should  be  as  hard  as 
possible  consistent  with  its  admitting  the  polishing 
powder  to  imbed  itself  in  it.  A  mixture  of  common 
resin  and  turpentine  was  found  preferable  to  pitch, 
on  account  of  the  gritty  particles  so  common  in  the 
latter.  It  is  desirable  also  to  use  the  resinous  com- 
position of  two  different  degi-ees  of  hardness,  so  as  to 
form  two  very  thin  strata,  the  outer  one  being  the 
harder.  Thus  the  surface  in  contact  with  the  specu- 
lum can  be  made  as  hard  as  necessary,  while  the  thm 
subjacent  layer  of  soft  resin  expands  laterally  so  as 
to  preserve  the  figui-e  of  the  polisher.  The  com- 
position is  prepared  by  melting  common  resin,  and 
when  nearly  boiling  adding  about  ^  of  its  weight  of 
spirit  of  turpentme:  when  the  mixture  has  been 
incorporated  by  stin-ing,  a  piece  of  cold  ii-on  is  im- 
mersed in  it,  and  then  placed  for  some  minutes  in 
a  vessel  of  water  at  the  temperature  of  55°;  if  then 
a  moderate  pressure  of  the  nail  makes  a  decided 
impression  without  splintering,  it  is  of  a  proper 
hardness  for  the  first  layer  on  the  polisher,  and 
only  requires  to  be  strained  through  canvass.     For 


the  second  layer  it  is  mixed  with  J  of  wheat  fiour, 
which  by  increasing  its  tenacity  and  dimuiishing 
its  adhesiveness  prevents  the  common  fault  so  much 
complained  of,  viz.  the  separation  of  minute  par- 
ticles of  pitch  from  the  polisher.  It  is  to  be  boiled 
till  the  water  of  the  flour  has  been  expelled,  and  the 
mixture  becomes  clear,  and.  the  boiling  further  con- 
tinued till  some  of  the  turpentme  has  been  driven 
off,  and  the  mixtui-e  has  become  so  hard  that  at  55° 
a  very  strong  pressure  of  the  nail  makes  but  a  slight 
impression.  An  equal  weight  of  resin  is  then  added 
to  it,  when  it  will  be  hard  enough  to  produce  a  very 
true  surface,  and  yet  soft  enough  to  allow  the  particles 
of  polishing  powder  to  become  imbedded.  When 
the  resinous  mixture  is  remelted,  the  vessel  is  sus- 
pended to  the  beam  of  a  scale,  and  the  heat  applied 
so  gradually  as  not  to  drive  off  any  of  the  turpentine, 
which  is  immediately  perceptible  by  the  disturbance 
of  the  equilibrium.  To  apply  the  resin  the  polisher  is 
fii-st  heated  to  about  1S0°  and  the  soft  mixture  laid 
on  with  a  large  flat  brush  to  about  the  thickness  of 
j^th  or  ^th  of  an  inch.  It  is  then  suffered  to  cool 
to  about  100°,  and  the  hard  mixture  is  applied  in  the 
same  w-ay,  and  to  about  the  same  thickness.  TVTien 
the  temperatni-e  has  sunk  to  80°,  tlie  polisher  is  placed 
on  the  speculum,  previously  covered  with  peroxide 
of  iron  and  water,  of  about  the  consistence  of  thin 
cream.  The  speculum  is  made  to  revolve  in  a  cistern 
of  water,  c  Fig.  550,  maiatained  at  the  constant  tem- 
perature of  55°,  and  the  hardness  of  the  resinous  com- 
position is  adjusted  to  suit  this  temperature  as  above 
explained.  When  the  polisher  is  first  applied  at  80°, 
while  the  speculum  is  at  55°,  there  is  no  danger  of 
fracture,  because  the  layer  of  resin  retards  the  trans- 
mission of  heat ;  but  in  gi-inding,  where  there  is  no 
resin,  such  a  difference  would  lead  to  the  fracture  of 
the  speculum.  In  grinding  the  3-feet  speculum 
formed  in  separate  pieces,  the  iron  plate  happened  to 
have  been  washed  with  warm  water,  and  though  but 
little  warmer  than  the  speculum,  the  moment  it  was 
put  on  several  of  the  plates  cracked ;  these  of  course 
admitted  of  being  replaced.  Had  it  been  the  other 
speculum  in  one  piece,  it  would  of  course  have  been 
destroyed. 

The  polishing  powder  must  be  prepared  by  preci- 
pitation with  water  of  ammonia  from  a  pure  dilute 
solution  of  sulphate  of  iron.  The  precipitate  is  to  be 
washed,  pressed  in  a  screw-press  till  nearly  dry,  and 
then  exposed  to  a  heat,  which  in  the  dark  appears  a 
duU  low  red.  The  sulphate  of  iron  must  be  pure,  the 
ammonia  in  excess,  and  the  heat  not  greater  than  that 
indicated.  The  colour  of  the  powder  will  be  a  bright 
crimson  inclining  to  yellow. 

We  have  thus  abstracted  from  Ear!  Rosse's  most 
mteresting  paper  the  principal  mechanical  details 
which  he  has  found  successful  in  the  casting,  grinding, 
and  polishing  of  large  specula.  There  are  other 
details  connected  with  the  figure  of  the  specula,  the 
method  of  mounting  them,  and  the  astronomical 
results  obtained  from  their  use  in  telescopes,  which 
do  not  belong  to  this  article. 

CASTOR,  a  brown  viscid  substance,  secreted  \>j 
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castor3  or  beavers,  and  for.nerly  much  used  in  medi- 
cine in  nervous  and  spasmodic  diseases.  At  the 
present  time  not  only  are  the  virtues  of  this  substance 
considered  very  equivocal ;  but  the  imcertain  compo- 
sition and  quality  of  that  offered  for  sale  afford  good 
reason  for  aUo\vi:ig  it  to  fall  into  disuse. 

CASTOR  OIL.  An  oil  obtained  by  boiling  in 
water  or  by  crushing  in  a  press  the  seeds  of  the 
Ricinus  communis  or  Palma  Clirisii,  an  annual  plant 
growing  in  tropical  coimtries.  This  plant  is  extremely 
variable  in  size,  has  large  vine-shaped  leaves,  green 
spikes  of  flowers,  and  rough  capsules  containing  ovate 
shniing  black  seeds  spotted  with  grey.  As  cultivated 
in  this  country,  the  Palma  Christi  is  an  annual  thi'ce 
or  four  feet  high  ;  in  Sicily  it  is  a  woody  and  long- 
lived  tree-shrub  about  the  size  of  our  common  alder ; 
in  Spain  and  in  different  parts  of  India,  it  attains  a 
larger  size,  and  becomes  a  considerable  tree.  The 
seeds  yield  a  pale  fixed  oil,  nauseous  and  slightly  acrid. 
When  this  oil  is  obtained  by  boiling,  it  is 


I,  and  also   more  liable  to 

111  rally  more  active  than 

'  if  the  oil  now  sold  is 

J    laste,  and  appears  to 

111^'  process,  but  in  this 

0  that  oil  of 


coloured 

become  ramvl,  lui  i^  :,! 

the  palc-cn:    ,;.  i 

absolutely  \.  I  I '   .1. 

state  it  is  frequently  alii 

pale  straw-colour  having  a  slight  degree  of  taste  and 

smell  is  preferred. 

Castor  oil  was  formerly  expressed  with  Jieat,  but 
this  and  the  mode  of  boiling  the  seeds  in  water  is 
now  seldom  adopted ;  cold-drawn  castor  oil  being  the 
favourite  form  of  this  medicine.  Some  medical 
writers  consider  cold-drawn  oil  as  more  active  than 
that  obtained  by  boiling,  while  others  affirm  that  the 
latter  is  more  active  than  the  former.  Tliis  medicine 
is  well  known  as  a  mild  laxative,  which  can  be  safely  em- 
ployed in  all  cases  except  those  in  which  it  is  dangerous 
to  excite  vomiting,  an  effect  sometimes  produced  by  it. 
Castor  oil  congeals  at  about  0° ;  exposed  to  air  it 
gradually  becomes  rancid,  and  very  thick  and  viscid ; 
it  dissolves  in  absolute  alcohol  and  ether.  Its  sp. 
gr.  is  about  .960.  When  treated  with  a  little  nitric 
acid,  it  is  converted  into  a  substance  resembling  hard 
butter. 

CASTORS,  small  wheels  attaehed  to  the  legs  of 


(nmiture,  to  allow  of 
Harcoui-t's  cas 


3  bciii;;  easily  moved  about. 
n  Fig.  551,  the  upper 


socket  part  being  in  section.     Round  the  central 

1  is  fixed  a  guide-plate,  so  as  to  revolve  with  it. 
This  plate  contains  circular  holes,  in  each  of  which  is 
a  small  sphere  which  rolls  as  it  is  carried  round  with 
the  plate.  Fig.  553  is  a  plan  of  the  guide-plate, 
which  may  contain  three  or  more  apertures  for  the 
antifriction  roUors ;  and  these  may  be  spherical  as  s  s 

cylindrical  as  c.  The  use  of  these  antifriction 
rollers  is  to  remove  the  strain  and  pressure  on  the 
central  pin. 

CATECHU,  see  Leather,  Sec.  ii. 

CATENARY,  the  curve  in  which  a  perfectly 
flexible  cord  or  chain  (Latin  catena,  a  chain)  hangs 
when  it  is  suspended  by  two  points  that  are  not  in 
the  same  vertical  line.  "All  catenaries  are  similar 
curves ;  that  is  to  say,  let  there  be  any  number  of 
such  curves  formed  by  ehaius  of  different  lengths,  then 
each  of  them  will  be  a  picture,  on  a  reduced  or  en- 
larged scale,  of  some  portion  of  the  longest."  The 
properties  of  the  catenary  are  of  great  importance 
from  the  general  use  of  this  curve  in  suspension 
bridges.  "  The  curve,  however,  of  a  chain  supportmg 
the  roadway  of  a  bridge  is  not  strictly  a  catenary. 
In  the  catenary  the  weight  is  supposed  to  be  distri- 
buted so  that  each  equal  length  sustains  an  equal 
portion  of  it.  Now  the  weight  of  the  roadway  of  a 
bridge  is  not  so  distributed  on  the  chains.  The 
suspending  rods  are,  indeed,  placed  along  it  at  equal 
distances  from  one  another,  but  the  lengths  of  the 
portions  of  the  curve  included  between  these  are 
different ;  those  about  the  lowest  points  of  the  chain 
only  being  equal  to  the  included  parts  of  the  road- 
way, whilst  those  near  the  extremities  are  gi-eatcr. 
Hence,  therefore,  the  chains  used  in  supporting  the 
roadway  of  a  bridge  do  not  assume  strictly  the  form 
of  the  catenary.  Were  the  chain  without  weight, 
the  pressure  of  the  roadway  upon  it  would,  indeed, 
cause  it  to  assume  the  form  of  the  parabola.  In 
reality  it  is  a  curve  intermediate  between  the  catenary 
and  parabola,  partaking  of  the  properties  of  both.'" 

A  catenarian  curve  is  sometimes  adopted  for  arches 
and  vaults.  A  practical  instance  of  the  equilibrium 
of  the  catenary  is  mentioned  by  the  writer  of  the 
article  Bridge  in  the  EncyclopEcdia  Metropolitana. 
"A  scientifie  gentleman  of  Bu-mingham  having 
occasion  for  a  close  factory  for  the  manufacture  of 
the  article  caUed  Roman  vitriol,  set  out  a  piece  of 
ground  to  be  covered  by  a  brick  arch  of  considerable 
length,  the  chord  of  wliich  was  18  or  20  feet,  and  its 
versed  sine  about  12.  He  suspended  a  chain  against 
a  wall,  the  points  of  suspension  being  equal  to  the 
chord  of  his  intended  arch,  and  its  depth  equal  to  its 
versed  sine.  From  a  line  traced  from  the  chain  his 
carpenters  made  a  centre,  over  which  the  bricklayers 
turned  a  single  arch  of  9  inches  only  in  thickness, 
without  spandrels  or  other  external  support,  its 
extrados  being  a  curve  parallel  to  its  intrados  at  a 
distance  of  only  9  inches.  It  is  a  perfectly  sound 
and  beautiful  piece  of  construction.  During  an 
absence  from  home  he  desired  another  to  be  built 
like  it.     The  self-sufficient  workman  varied  the  curve 


3o'3  CATi 

to  give   it  more  room  in  its  haunclics,  or  a  more 
gi-aoeful  curve,  aud  on  striking  the  centre  it  ftU  " 

CATGUT,  a  name  given  (inappropriately  as  it 
vroukl  appear')  to  cords  made  of  the  twisted  intestines 
of  tlie  sheep.  When  the  intestmes  are  removed  from 
the  body  of  the  animal,  they  are  freed  from  feculent 
matter  aud  adheiing  fat,  and  washed  in  a  tub  of  w  ater 
The  small  ends  of  the  intestines  are  then  tied 
together,  aud  placed  on  the  edge  of  the  tub,  while 
the  great  bulk  is  left  during  two  days  to  soak  in  the 
water,  which  is  frequently  changed.  In  this  way  the 
peritoneal  and  mucous  membranes  become  loosened 
The  bundle  of  intestines  is  then  laid  upon  i  sloping 
board  overhanging  the  tub,  Fig.  555,  and  the  man  w  ith 
a  square  steel  edge  scrapes  the  surface,  and  remo\  Cb 
the  external  membrane  in  bioadths  of  about  half  the 
ciicumfeitnce  of  the  lutoatMie  The  Fiencli  term  this 
substance  _/(//  iJ,e,  aud  the  pioc(.«s//c;     It  cannot  be 


oidiug  to  the  purposes  foi  which  tLc^  are 


For  making  whf  cord,  the  intestmes,  prepared  as 
bovc,  are  sewed  together  by  means  of  the  filaudre, 
each  junction  being  cut  T^hnt  in  oidei  to  make  it 
smoother  and  strongei  ^  u  ii  il  i  cf  tlicsc  cords 
are  then  put  into  a  noodiu  trt  it   Ihe  t  lo  upu^'hts 


removed  by  beginning  at  the  large  cud.  This  filandru 
is  used  as  thread  to  sew  intestines,  and  also  to  make 
the  cords  of  rackets  and  battledores.  The  scraped 
intestines  are  steeped  during  one  night  in  clean  water, 
and  next  day  are  again  scraped  with  a  rounded  edge 
Tliis  is  called  curing.  The  large  ends  of  the  intestines 
are  cut  off,  salted,  aud  stored  in  covered  tubs  for 
the  purpose  of  being  sold  to  the  pork  sausage-makers 
The  intestines  are  again  steeped  for  a  night  in  fresh 
water,  and  the  next  day  are  treated  with  an  alkaline 
mixture  formed  by  adding  4  ounces  of  potash,  the 
same  quantity  of  peaiiash,  to  3  or  4  gallons  of  water 
The  membranes  are  then  distributed  to  a  number 
of  women,  each  of  whom  stands  before  two  basins  oi 
pans  coutainmg  the  alkaluie  solution.  Fig.  556  ;  and 
each  woman  draws  the  intestines  through  an  open  brass 
thhnble,  pressing  them  against  the  edge  for  the  pur 
pose  of  smoothing  aud  equidizing  them.  In  this  way 
the  membranes  are  passed  from  one  basin  to  the  other 
several  times.     They  are  next  sorted  into  different 


of  which  aic  furnished  with  a  quantity  of  holes  cou 
tammg  pegs  for  securing  the  ends  of  the  gut  and  for 
passing  the  lengths  round  The  spmuer  attaches  the 
end  of  one  of  the  coids  to  the  hook  of  a  httle  whirlnig 
apparatus,  (simdar  to  the  whul  of  the  rope  maker 
oiiH  smaller)  which  hf  n,i<;rs  to  lotntr  rap.dlv  by 
turning  a  handl       '  •  ut   and 

somewhat  dinun  1 '  the 

twist  bvpeggiii^   1  I  I  il  then 

proceeds  to  twist  mulhui  i  uul  W  lu  u  ill  ihi  cords 
have  been  treated  in  this  \\  av,  and  other  frames  of 
cords  sunilarly  twisted  they  are  all  piled  up  horizon 
tally  in  a  small  close  chamber,  hned  with  lead,  \^here 
they  are  subjected  to  the  action  of  the  fumes  of 
burning  sulphur.  The  manufacturer  calls  this  bleach- 
ing ;  the  effect,  however,  is  not  to  whiten  the  cord, 
for  that  is  produced  by  previous  manipulations  in 
alkaline  leys,  &c. ;  the  real  effect  seems  to  be  to 
destroy  any  animal  matter  that  might  still  be 
attached  to  the  membrane,  and  occasion  putrefactive 
fermentation.    Certain  it  is  that,  without  sulphuring, 


the  cords  are  liable  to  au  unpleasant  odour,  and  even  I 
to  become  mouldy.  After  the  sulpburing,  the  whip- 
cord may  be  dyed  black  with  common  ink,  or  red  with 
red-ink,  which  the  sulphurous  acid  changes  to  pink, 
or  green  with  a  green  dye  which  the  colour-maker  scll^ 
for  the  pm-pose.  The  membrane  takes  the  dye  readily. 
The  twist  being  completed,  the  cords  are  nicely 
smoothed,  and  are  then  placed  for  an  hour  or  so  in  a 
hot  room,  where  the  heat,  probably  180°  or  200°, 
fixes  and  consolidates  them :  they  are  lastly  cut  off 
the  frames  and  twisted  up  into  coils  for  sale. 

Halters'  cords  for  bowstrings,  used  in  the  curious 
operation  of  hojoing,  [see  Hat,]  are  made  of  the 
longest  and  largest  intestines  of  sheep,  and  after 
being  properly  cleaned  and  smoothed  mth  the  alkaline 
ley,  they  are  twisted  in  lengths,  4,  6,  8,  10,  or  12 
together,  according  to  the  intended  size  of  the  cord, 
which  is  usually  about  12  feet  long.  This  cord  must 
be  free  from  lumps  and  knots,  and  when  half  di-y 
it  must  be  sulphured  twice,  and,  after  each  opera- 
tion, well  stretched,  twisted,  and  smoothed,  and  it  is 
finally  dried  in  a  state  of  tension.  The  object  of 
sulphuring  cannot  in  this  instance  be  to  bleach,  for 
colour  is  no  object ;  some  of  these  cords  being  dyed 
black,  others  a  dingy  red,  and  others  left  of  their 
natural  colour. 

Ctockmakers'  cord  must  be  very  thin,  strong,  and 
durable,  for  which  purpose  it  is  made  from  very  small 
intestines,  or  from  intestines  slit  up  in  the  direction 
of  their  length  by  a  couple  of  razoi'-blades  fitted  into 
a  ball  of  wood  which  serves  as  a  guide.  The  wet 
gut,  being  drawn  over  the  ball,  is  divided,  and  the 
two  sections,  properly  directed  by  the  workman,  fall 
into  a  basin  beneath.  This  operation  is  one  of  con- 
siderable delicacy,  but  when  performed  well,  the  gut 
is  divided  into  strips  of  perfect  regularity  with  great 
rapidity.  A  number  of  these  strips  are  twisted  to- 
gether and  treated  as  before. 

The  French  prepare  a  very  strong  cord  from  the 
gut  of  the  horse,  ass,  or  mule,  for  driving  machinery. 
The  gut,  having  been  scraped,  is  divided  into  four 
equal  parts,  by  skilfully  drawing  it  over  a  fixed  knob 
containing  four  sharp  edges,  or  two  semicu'ciilar 
blades,  arranged  at  right  angles.  4,  6,  or  8  of  these 
strips  are  tied  at  the  ends  with  packthread,  then 
twisted  together,  and  polished  with  dogsk" 


point  out  the  signs  by  which  the  best  strings  may  be 
distinguished,  ns  there  are  some  imitations  of  them 


The  strings  for  ///'/■ 
of  the  violin  family,  i  • 
cat-gut  maker.  The  i; 
great  care.  A  little  ,i 
leys,  which  are  made  pi 


'■  instruments 
'  Mriitionof  the 

■•■'■  '■'■.  '  .  i"'i  formed  vrith 
\  :.Mr.\  to  llie  alkaline 
■essivoly  stronger  every  day 
for  four  or  five  days,  till  the  membranes  are  Mtll 
bleached  and  swollen.  They  are  then  passed  sevcnil 
times  through  the  thimble,  after  which  they  are  spuu, 
and  sulphured,  and  are  lastly  polished  by  friction 
between  horse-hair  cords,  and  dried  in  the  hot  room. 
The  ItaUans  make  much  better  musical  strings 
than  the  English.  Otto,  in  his  "Treatise  on  the 
Violin,"  says  : — "  The  best  strings  wliich  have  come 
under  my  observation  are  those  from  Milan,  which 
are  sold  under  the  name  of  Roman  strinc/s  ;  they  are 
sold  to  be  had  at  almost  every  music-shop.     I  sliaU 


rat. 


They  mu^t  by  no  means  feel  smoolli  to  the  touch,  for 
they  are  not  ground  or  polished  ofl'  by  any  process, 
as  all  other  manufactured  strings  arc.  If  a  good 
string  be  held  by  one  cud  in  the  finger  and  opened 
out,  it  will  reeoU  to  its  former  position  like  a  watch- 
spring.  Every  string  when  stretched  on  the  insti-u- 
meut  should  look  like  a  tliin  strip  of  glass  on  the 
finger-board :  those  which  are  of  a  dull  and  opaque 
appearance  are  useless.  The  Milanese  strings  are  also 
distinguished  by  each  separate  one  being  tied  twice 
with  red  silk:  which,  however.  Die  Ncukirch  string- 
makers  have  imitaiid,     'llii!r  c!:  ;Iiilyis  after  all 

the  best  criterion,       ,  which  I  have 

tried  have  that  sli.  i  i  .:  .  :  ,  :  r  ny  for  which  tlie 

Milanese  are  so  luueli  rvii.  ..;nL" 

The  chief  fault  of  the  English  compared  with  the 
Italian  strings  is  weakness  ;  whence  it  is  cUfiicult  to 
bring  the  smaller  ones  required  for  the  higher  notes 
to  conerrt    |«ileli,   ijiiiiii'  'iiiiiiLj-  ;.l    111.'  same  time  in 

their  f :    :  <     ,  ;;iii y  or  smaUness 

of  diaiiM  ii  I  ,    :,    „luce  a  brilliant 

and  clear  lour.  Tiie  iViiiunii  tiari  mr  of  such  strings 
is  a  source  of  constant  iucoiiveiiienec  and  expense. 

"  It  is  well  known  to  physiologists  that  the  mem- 
branes of  lean  animals  are  far  more  tough  than  those 
of  animals  that  are  fat  or  in  high  condition;  and 
there  is  no  reason  to  doubt  that  the  superiority  of 
the  Italian  strmgs  arises  from  the  state  of  the  sheep 
in  that  country.  Li  London,  where  no  lean  animals 
are  slaughtered,  and  where,  indeed,  an  extravagant 
and  useless  degree  of  fatteniug,  at  least  for  the 
purpose  of  food,  is  induced  on  sheep  in  particular,  it 
is  easy  to  comprehend  why  their  membranes  can 
never  afford  a  material  of  the  requisite  tenacity.  It 
is  less  easy  to  suggest  an  adequate  remedy ;  but  a 
knowledge  of  the  general  prmciple  may  at  least  serve 
the  purpose  of  diminishing  the  evil  and  improving  the 
manufacture,  by  inducing  the  manufactiu'ers  to  choose 
in  the  market  the  offal  of  such  carcases  as  appear 
least  overwhelmed  with  exuberant  fat.  It  is  probable 
that  such  a  mauufactiu-e  might  be  advantageously 
established  m  those  parts  of  the  coimtry  where  the 
fashion  has  not,  as  in  London,  led  to  the  use  of  meat 
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'  ' '     1 '    .  I    '    ,  '  ;  .  :  I   I  lo  those  which, 

!.'■  il"'  l.'iM'.iliij  .ov  |iruu,:  lu  l:v'.i....ivc  accumulations 
of  fat.  It  is  equally  probable  that  sheep  dying  of 
some  of  the  diseases  accompanied  by  emaciation  wcwld 
be  pecidiarly  adapted  to  this  pm-pose."  ' 

The  engravuigs  which  illustrate  this  article  were 
made  from  sketches  taken  at  a  cat-gut  manufacturer's 
in  Sharpe's  Alley,  London.     The  manufaetui-er  per- 
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CATGUT— CAUSTIC— CAVIAR. 


mitted  the  Editor  to  inspect  the  vanous  processes 
above  described,  but  refused  to  answer  any  questions 
■which  were  put  to  hmi,  or  to  allow  of  a  second  visit. 
We  have,  however,  corrected  our  sketch  from  the 
excellent  article,  Boyauderie,  contained  in  M. 
Laboulaye's  "  Diotioimaire  des  Ai-ts  ct  Manufac- 
tures," Paris,  ]  84o  ;  and  liave  also  obtained  sonic 
additional  information  therefrom. 

There  is  a  considerable  demand  for  untwisted  gut 
on  the  part  of  the  sausage-maler,  the  druggist,  the 
confectioner,  and  aU  those  trades  where  clean  dry  , 
membrane  is  required.  Por  tliese  pm-poses,  the  ! 
intestines  are  prepared  in  the  following  manner: — 
I.  A  length  of  gut  is  taken  from  the  tub  iu  which 
the  fresh  intestines  are  kept,  and  removed  to  a  trough 
cont-aming  water.  The  smaU  end  of  tlie  gut  is  tied 
in  a  knot  to  a  staple  fixed  to  the  end  of  a  bar  of 
wood  rising  up  near  the  trough.  Tlie  man  tlien 
takes  a  length  of  a  few  feet  in  .his  left  hand,  and 
pulling  it  tight,  scrapes  it  with  a  fleshing-knife,  by 
which  means  he  removes  the  peritoneal  and  fatty 
membranes  from  this  portion.  Tlds  being  done,  lie 
unties  the  knot,  and  makes  another  near  the  place 
which  separates  the  scraped  from  the  luiscrapcd 
portion ;  then,  taking  up  another  length,  he  scrapes 
as  before.  Any  portion  of  the  gut  which  is  torn  or 
rent,  as  often  happens  from  the  carelessness  of  the 
butcher,  is  cut  off,  and  thrown  aside.  The  fat  whicli 
has  been  scraped  off  is  washed  and  dried,  and  sold  to 
the  soap-niauufactui-er.  2.  The  scraped  intestines 
are  thrown  into  a  vessel  half-fuU  of  water.  Taking 
up  one  of  the  ends,  the  man  inserts  his  fingers  into 
it,  and  presses  his  thumb  on  the  outside  -.  then  with 
the  other  hand  he  di-aws  the  gut  down,  and  dips  it 
mto  tlie  water,  at  the  same  time  spreading  his  fingers 
to  enlarge  the  opening.  In  this  way,  by  advancing 
his  fingers,  drawing  down  the  gut,  and  dipping  into 
the  water,  the  gut  is  quickly  turned  inside  out. 
When  a  number  of  intestines  have  been  thus  prepared, 
they  are  tied  together  by  tlie  ends.  3.  In  this  state 
they  are  left  to  ferment  from  5  to  S  days,  in  winter, 
and  from  2  to  3  in  summer.  The  putrefactive  process 
is  known  to  be  sufficiently  advanced  by  the  bursting 
of  bubbles  of  gas  on  the  surface  of  the  water.  In 
summer,  the  fermentation  is  liable  to  proceed  too 
rapidly,  in  which  case  it  is  checked  by  throwing  a 
glassful  of  vinegar  into  the  tub.  During  this  process, 
the  putrid  odour  which  is  diffused  all  around  is 
dreadful.  4.  The  mucous  membrane,  which  has  been 
loosened  by  this  fermentation,  can  now  be  easily 
removed.  The  intestines  are  transferred  to  a  tub 
two-thirds  full  of  water,  and  a  woman  draws  each 
gut  between  her  hands,  pressing  it  fh-mly  against  her  i 
nails,  or  against  a  blunt  edge.  This  removes  the 
mucous  membrane ;  but  a  portion  of  the  peritoneal 
membrane  is  still  left,,  which  is  removed  by  a  further  [ 
process  of  putrefaction.  5.  For  this  purpose,  the 
intestines  are  thrown  into  tubs  full  of  water,  which  ' 
is  changed  once  or  twice  a-day,  stii-rmg  them  about  , 
each  time.  They  are  then  left  for  two  or  three  days 
before  the  water  is  removed.  The  water  is  at  first 
iu  a  state  of  femient,  and  very  putrid ;  an  iridescent  | 


pellicle  foi-ms  on  its  surface,  and  bubbles  of  gas  fre- 
quently escape :  the  water  at  length  becomes  clearer, 
and  the  intestines  are  then  taken  out  and  blown.  6. 
This  operation  is  performed  by  the  men  who  scraped 
the  guts:  each  man  puts  on  a  leather  apron,  and  places 
his  knife  on  the  tub,  so  that  its  edge  may  be  opposite 
to  him,  so  as  to  be  always  ready  when  wanted.  He 
holds  in  his  mouth  a  hollow  reed,  about  sis  inches 
long,  which  he  inserts  into  one  extremity  of  a  gut, 
and  distends  it  with  air.  He  then  withdraws  the 
tube,  and  ties  the  end  of  the  gut  with  thread :  he 
then  blows  at  the  other  end,  which  he  secures  in  like 
maimer.  If  the  gut  contain  a  small  hole,  it  is  dis- 
covered bypassing  the  gnt  through  water,  with  slight 
pressure ;  the  air  bubbling  out  shows  where  the  hole 
is :  this  is  made  tight  by  pincliing  the  membrane,  and 
passing  a  ligature  round  it.  If  the  gut  is  torn,  it  is 
tied  above  and  below  the  rent.  Wlien  the  intestines 
are  inflated,  they  are  conveyed  in  osier  baskets  to  the 
drying-ground.  7.  The  drying-ground  is  provided 
with  long  frames  of  wood,  on  which  the  blown  mem- 
branes are  spread,  so  as  not  to  touch  each  other.  If 
they  have  been  properly  cleaned,  they  wfll  become 
perfectly  dry  in  about  two  days ;  if  not  well  cleaned, 
they  scarcely  become  di-y  in  five.  In  rainy  weather 
they  are  put  under  shelter  in  sheds  or  lofts.  They  must 
also  be  protected  from  wind  and  dew  and  from  the  hot 
sun.  8.  When  dry,  they  are  taken  into  a  sort  of 
damp  cellar,  where  women  cut  off  the  ligatures,  as 
also  those  portions  of  gut  near  the  ligatures  which 
have  not  been  blown.  The  membranes  are  then 
pressed  together  to  expel  the  air,  and  are,  9th]y,  made 
up  into  bundles,  and  left  until  sufficiently  moist  for 
sulphuring,  or  they  may  be  made  moist  by  sprinkling 
with  water.  10.  They  are  then  hung  up  in  loose 
bundles  in  a  close  room,  and  exposed  for  some  hours 
to  the  fumes  of  ignited  sulphur.  Lastly,  they  are 
folded  up  in  bundles,  and  packed  in  sacks,  and  are 
ready  for  sale. 

The  trade  of  the  catgut  and  membrane  manufac- 
turer is  peculiarly  disgusting.  M.  Laboulaye  says 
that  the  people  who  work  at  it  always  retain  the 
filthy  odour  communicated  by  their  occupation,  even 
when  they  are  dressed  in  their  holiday  clothes,  and 
are  enjoying  themselves  in  their  own  rough  way.  It 
is  not  at  all  necessaiy  that  the  disgusting  putrefactive 
odom-s  which  accompany  this  trade  should  exist. 
M.  Labarraque's  disinfecting  liquid  (hypochlorite  of 
soda)  has  been  employed  with  distinguished  success 
in  all  the  preparatoiy  processes,  at  a  very  slight 
increase  of  cost,  entirely  destroying  the  odour,  im- 
proving the  colour,  and  in  no  way  iujuring  the 
strength  of  the  membrane. 

The  gut  skin  used  by  the  gold-beater  is  prepared  from 
thecfficumoftheoi.  [See  Gold-beatij>-g.]  For  the 
method  of  preparing  silkworm  gut  see  that  head. 

CAULKING,  see  Smr-BUiLDiXG. 

CAUSTIC,  any  chemical  substance  which  corrodes 
the  skin  and  flesh :  potash  is  called  common  caustic, 
and  nitrate  of  silver  lunar  caustic, 

CAVIAE,  a  substance  prepared  in  Russia,  con- 
sisting of  the  salted  roes  of  large  fish.     The  best, 
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resultant  of  tie  ■ntiahts  of  all  paits  ct  a  body  oi  I 
system  of  bodies  alfl  aj  s  passes  on  which  ]  oiiit  the 
body  01  system  -woidd  balance  m  every  position  Iho 
following  lie  rules  foi  findnig  the  centie  of  giav  ty 
m  various  figuies  and  solids  —  i 

Timngle  Fiom  the  middle  points  of  any  two 
sides  diaw  lines  to  the  opposite  angles  the  inter 
section  of  tlic^e  Imes  is  the  point  sought  Oi,  fiom 
the  middle  point  of  eithci  side  draw  a  hue  to  the 
opposite  angle  The  eentio  of  gravity  is  m  this  line, 
at  two  thuds  of  its  length  fiom  the  angle  to  wl  leh 
the  In  c       la    n 

7  Tl        I        ftion  of  the  two  diago 

I  I       a   diagonal   into   two 

i  i  Ml  I  ^lavity  of  eath     then 

11  I       1^        \    1  tl     vvlioleis  in  thcUne  jf  uiuig 

these  I  lutb  C  11  one  of  these  tinu^ks  abp  and 
ifsccntieofg  u  fyE  Then  area  of  whole  tnpe/min 
aiea  cf  tuan  1  a  n  c  whole  line  between  thi.  two 
eenties  of  giavit>  of  tnangles  distance  of  eentie  of 
gia\ity  of  tra|  cziui  i  fio  n  E 

Sejiient  of  rude  Dnidc  the  cube  of  half  the 
choid  by  three  tnnes  the  aica  of  half  the  •segment 
This  gives  the  distance  of  the  centie  of  gravity  fioni 
the  centre  of  the  cuele 

ScHur  of  Click  Multij  ly  the  clioid  by  two  thuds 
of  the  ladius  an  1  divide  by  the  aic  This  gives  the 
distance  fro  n  the  centre  as  in  the  last 

Cibe  01  ja  alleloiipedoi  At  the  luteistction  of 
any  two  diagonals 

(jl    1        I  ts7i     At  the  middle  of  tl  c  i\is 

Cve  0  II  anid  In  the  axis  of  tit  srlid  at  a 
distance  ft  ^ths  the  avis  ho  n  the  point 

Geueially  any  figuie  which  is  symmetiieal  about  an 
axis,  has  its  centre  of  giavity  in  that  axis 
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To  find  this  pent  in  a  suifice  imsymmetiical  — 
Susi  end  it  1  y  a  stung  fi  m  my  i  omt  of  its  edge  an  1 
with  a  [111  blme  niaik  on  the  suiface  the  \citio  1 
passing  thiough  the  point  of  suspension  llci  l  it 
tins  with  any  othei  point  m  its  edge  and  the  lutei 
section  of  the  two  lines  will  be  the  centre  of  giavity 

Cede  of  pes  le — in  hydiostatics  That  point  in 
a  suiface  sustaining  tl  o  picssnie  of  a  fluid  at  which 
the  whole  piessuie  nay  be  conceived  to  act  without 
alteiing  the  equihbuum  of  the  suiface  oi  to  which  a 
single  force  could  be  appbtd  to  sustain  thcwhfle 
]  icssuic  of  the  fluid  and  keep  the  suif  ice  in  equi 
hi  nun  The  centie  of  ]  i  u  tail  i^uhr 
(whatever  be  its  ii    1 


ui  face  of  a  fluid  i 


ooftv 


Iqilc 
ON     to 


1    I      TJUI 

I     1     1      1  id  all 

tliL  picbs  uc  ol  fluids  IS 
then  places  deteinined 
:  the  centie  of  piessuie 

HYDBOSTArlCS — INLAND 


/  of  oscillation  If  a  heavy  mass  be  suspended 
1  II  cad  01  stung,  it  can  be  made  to  swing  to  and 
I  s  a  pendulum,  with  a  ceitam  doruite  sjccd 
Now  if  11  the  paits  of  that  mass  eoul  1  vibiate  scpa 
lately  each  with  the  speed  due  to  its  distance  fiom 
the  point  of  suspension  those  elemcuts  neaiest  this 
point  would  vibiati,  moie  quickly  than  the  otheis 
which  aie  moie  lemote  from  it  But  as  in  f  vet  the 
whole  mass  must  \  ibiate  together,  the  ne  u  i  paiticles 
aie  letarded  and  the  inoie  lemrfe  putidts  aie  ac 
celeiated  by  then  mutual  conjunction  uito  one  mass 
-        ■    •  •       "  ibiites        ' 


e  and  the  otlici  That  point 
moie  lemoto  elements,  where 
to  be  acceleiated  and  begin 
cc  ire  of  orU  fio  If  the 
111  /  into 

I    foie 


mteimediate  between  on 
between  the  neaier  and 
the  paiticles  just  cease 
to  be  letaided  is  the 
weight  of  the  1 
this  one  mathc 
to  vibiatc  witl 

of        1 


that  ]  I     1  tern  of  bo  lies 

thiough  which  tin,  whol  elketivc  loice  ot  the  motion 
of  the  body  may  be  conceiv  ed  to  act  and  to  winch 
point,  therefoie,  if  a  single  obstacle  of  sufficient 
stipugth  were  opposed  the  whole  body  oi  systei  i 
woull  be  stopped  without  any  tendency  to  turn 
lound  01  glance  aside  fiom  that  obstacle  In  stiikmg 
a  ciicket  ball  we  know  that  tlieie  is  one  point  in  the 
bat  on  which  if  the  ball  impinge  no  jai  oi  shock  will 
b(  given  to  the  hand  But  if  the  ball  stake  iboveor 
below  this  point  the  hand  is  jaucd  md  ev  en  the  bat 
may  be  bioken  This  \  omt  is  the  e  it  e  of  i  ercimion 
In  a  body  i  ev  oh  mg  al  out  a  fixed  axis  or  centre 
the  ce>tt)e  of  os  illation  is  m  the  same  pomt  as  the 

To  find  the  distance  of  the  centre  of  percussion 
or  oscillation  fiom  the  point  of  suspension  — 
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In  a  line,  small  parallelogram,  or  cylinder,  suspended 
by  one  end,  two-thirds  of  the  axis. 

In  the  cylinder  suspended  at  one  end,  to  two-thirds 
the  square  of  the  altitude  add  half  the  radius,  and 
divide  this  sum  by  the  altitude.  If  a  sphere  be  sus- 
pended from  any  point  outside  its  surface,  square  the 
distance  from  the  poiut  of  suspension  to  the  centre  of 
the  sphere ;  to  this  add  two-fifths  of  the  square  of 
the  radius,  and  divide  the  sum  by  the  distance  of 
the  point  of  suspension  from  the  centre  of  the  sphere. 

To  find  the  centre  of  oscillation  or  percussion  ex- 
perimentally: suspend  the  body  from  the  given  point, 
so  as  to  vibrato  very  freely,  and  make  it  oscillate  in 
small  arcs.  Adjust  the  length  of  a  thin  cylindrical 
rod  so  that  it  may,  when  suspended  freely  by  one 
end,  oscillate  at  the  same  rate  as  the  body  to  be 
observed.  Two-thirds  of  the  length  of  this  rod  will 
be  the  distance  of  the  centre  of  oscillation  or  per- 
cussion of  the  body  from  its  given  point  of  suspension. 

For  practical  applications  we  may  refer  to  the  pen- 
dulum [see  Horology]  and  to  the  tilt-hammer  [see 
Iron,  Sec.  vii.] 

Centre  of  gi/nUion,  is  a  point  in  a  body  or  system 
of  bodies  revolving  about  a  fixed  axis,  such,  that  if 
the  whole  mass  were  compressed  into  that  point,  any 
given  force  would  in  a  given  time,  cause  that  point  to 
revolve  with  the  same  velocity  that  it  would  have 
giveu  to  the  body  or  system  of  bodies.  Hence,  in 
investigations  of  the  velocities  which  descending 
weights  can  be  made  to  communicate  to  wheels  or 
wheelwork,  the  calculations  arc  made  with  respect  to 
the  centres  of  gyration  of  such  wheels. 

The  distance  of  the  centre  of  gyration  from  the 
axis  of  rotation  is  : — 

In  a  circular  wheel  of  uniform  thickness,  haK  the 
radius  multiplied  by  1.4]  42. 

In  a  solid  sphere  revolving  about  a  diameter,  the 
radius  multiplied  by  .0325. 

In  a  circular  ri)ig  revolving  about  the  centre,  the 
Sf|uarc  root  of  half  the  simi  of  the  squares  of  the 
riulii  of  (he  outside  and  inside  of  the  ring. 

CERASIXE,  sec  Cnni. 

CERATE,  from  cera  wax.  A  somewhat  stiff  un- 
guent, mnde  of  oU,  lard,  and  wax,  with  the  occasional 
addition  of  a  substance  iu  powder. 

CBRINE,  see  W.\x^ 

CERIUM,  a  rare  mctid,  named  after  the  planet 
Ceres.  The  interest  which  attaches  to  it  is  at  present 
purely  chemical. 

CERUSE,  one  of  the  names  of  white-lead.     See 

CHAIN,  sec  Surveying. 

CHAIN-CABLES.  The  greatest  improvement 
that  has  been  made  of  late  years  in  mooring  vessels, 
lias  been  the  introduction  of  the  chain-cable,  by 
Captain  Brown  of  the  West  India  merchant-sei-vice, 
who  in  1811  first  employed  chain-cables  in  the  ship 
Penelope,  of  400  tons  burden,  of  which  he  was 
eaptaui.  The  first  chain-cables  were  of  tv.-isted  links : 
Mr.  Brunton  introduced  straight  links  stayed  m  the 
middle  with  a  cross-rod,  and  in  182S  Mr.  Hawkes 
obtained  a  patent  for  constructing  these  chains  with 


short  rods  of  ii-on  with  swells  or  protuberances  about 
one  third  of  tlieic  length  from  each  of  their  ends,  so 
that  when  these  ends  are  welded  together,  the 
slenderer  parts  are  at  the  sides,  and  the  thicker  at 
the  ends  of  the  eUiptic  links. 

The  original  cost  of  a  chain-cable  is  not  much 
more  than  that  of  a  hempen  one,  while  its  durability 
is  infinitely  greater  as  well  as  the  secm-ity  which  it 
affoi-ds,  for  it  is  exposed  to  none  of  the  deteriorating 
causes  which  render  a  hempen  cable  so  little  trust- 
worthy. "  The  alternate  wetting  and  drying  which 
saps  the  strength  of  a  hempen  cable,  has  no  effect 
on  one  of  iron.  The  friction  against  rocks,  especially 
against  coral,  is  often  fatal  to  a  hemp  cable  in  a  few 
minutes ;  but  the  same  friction  after  weeks  of  hard 
use  only  slightly  poKshes  a  few  links  of  the  chain. 
In  tropical  countries,  therefore,  the  introduction  of 
chain-cables  has  increased  the  security  of  ships  at 
anchor  tenfold ;  but  in  every  climate  their  advantage 
is  immense.  Nor  does  this  advantage  consist  solely 
in  their  strength  and  dui-ability,  for  they  are  managed 
with  much  more  facility,  occupy  far  less  space,  and 
are  coiled  away  with  little,  or  it  may  bo  said  no 
trouble  at  all;  for  as  they  are  hove  in,  they  fall 
quietly  to  and  adjust  themselves  iu  a  box  or  case 
near  the  hatchway,  from  which  they  are  drawn  up 
when  wanted  with  comparatively  small  labour.  To 
those  who  remember  the  toil  and  trouble  of  '  forming 
a  bend'  in  the  cable  tier,  the  wet  and  the  dirt,  and 
the  noise  made  by  the  numbers  of  men  required  to 
coil  it  away,  these  advantages  will  not  be  considered 

On  the  introduction  of  the  chain  cable,  the  inventor 
thought  it  necessary  to  give  his  cable  a  certain  degree 
of  elasticity,  lest  tlie  ship,  coming  to  her  bearing  on 
the  chain  suddenly,  might  carry  it  away.  With  this 
view,  the  links  of  the  chain  were  twisted  about  half 
way  round,  so  that  when  the  strain  took  place,  the 
Unks  by  yielding  a  little,  or  partly  untwisting,  might 
produce  an  effect  somewhat  similar  to  the  natural 
elasticity  of  hemp.  This  provision  was,  however, 
not  necessary,  because  the  weight  of  the  chain  was 
found  sufficient  to  check  the  impulse,  and  to  act  in 
the  same  way  as  elasticity  in  the  hempen  cable. 
Moreover,  this  twisting  of  the  links  tended  to  weaken 
them.  Accortlingly  Mr.  Brunton  took  out  a  patent 
for  an  iron  cable,  in  which  the  inn  fnr  (he  links  w^s 
not   twisted.     Eaeli  link  •       -^ 

was  oval  in  form  Mith  a 
broad-headed  stay  in 
middle  (as  in  Fig.  558,)  \ 
to  prevent  it  from  collaps- 
ing or  shutting  up  under 
a  heavy  strain.     Another  -      -    - 

advantage  of  this  stay  is  that  it  prevents  the  different 
links  from  entering  each  other  as  they  are  liable  to 
do  in  a  common  chain,  thereby  entangling  the  cable. 
The  two  shaded  circles  in  this  figure  arc  portions  of 
two  adjoining  links,  in  section. 

The  link  was  further  improved  by  Messrs  Acraman 
of  Bristol,  who  in  1820  took  out  a  patent  for  the 
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same.  The  iruji  for  tlie  links  was  formed  iiito  cylin- 
drical b.xrs  of  varying  diameter,  with  projections  or 
swells  so  placed  as  to  come  exactly  opposite  to  each 
other  when  the  bar  is  turned  into  a  link.  (Fig.  559.) 
The  Lxtiemities  of  the  bar  are  scarfed  so  as  to  fold  over 
each  other  a  sufficient  length,  \\luch  cues  the  link  in 
that  part  when  shut  orwtlilnl  I  i  ,  i  n.lli 
U  the  ])rojections  are  made  sul'  i  lo 

meet  when  the  bar  is  turned  mi  i  i  liy 


iuch  bar  is  turned  into  a  link,  the  projections  are 
indented  or  countersunk  so  as  to  form  two  cups  of 
a  round,  oval,  square,  or  other  shape,  and  a  uniting 
^tay  is  then  introduced,  and  closed  in  by  pressure. 
The  stays  are  of  various  lengths  and  shapes  ab 
required.  By  this  contrivance  any  prcssui-e  or  strain 
on  the  link  has  the  effect  of  holding  the  stay  lighter 
and  closer  in  its  proper  position.  A  link  with  a  stay 
of  this  deseiiption  is  shown  in  Fig.  500  li.  A  link 
with  the  jjrojection  not  so  much  raised  is  shown  in 
Fig  5f.O  r. 


Qg)@> 


The  inventor  says,  that  in  these  forms  of  Ihik  "it 
is  obvious  that  there  are  no  thin  edges  or  angles  in 
the  stay  liable  to  be  chipped  off,  worn  away,  or  in- 
jured by  pressure  or  strain,  which  has  m  dilferent 
ways  been  the  case  with  all  the  stays  hitherto  made. 
Such  accidents  are  completely  avoided  in  the  Imlc 
Fig.  5G0  a,  by  its  contaioing  its  strength  and  resistance 
purely  withm  itself,  and  that  in  so  compact  a  form  as 
to  prevent  any  injury  short  of  an  actual  removal, 
forcing  or  crushing  of  the  particles  of  the  metal  out 
of  their  places,  which  must,  as  is  well  known,  require 
a  very  extraordinary  power  not  at  all  likely  to  occur 
in  the  common  use  of  the  article.  And  in  the  links. 
Fig.  oGO  6,  c,  the  same  advantages  cxibt  in  uearlv  an 
equal  degree,  as  all  pressure  or  strain  from  the  sides 
will  be  made  on  a  smooth  stay  of  iron,  opposnig  in  all 
its  paits  an  equal  resistance  over  a  consideiali  > 
surface."' 

In  1S23,  Mr.  Sowerby  patented  a  chain  cable,    i 


suihcient  idea   of  which  will  be   conveyed   by  Fig, 
561.     The   opposite    sides   of    each    link   are   bent 


inwards  as  at  a ;  the  sides  are  lield  hi-mly  together 
by  a  cross  bar  of  malleable  ii'on  passing  through  a 
block  of  cast-iron  b,  which  cross  bar  is  welded  to 
each  side  of  the  link ;  and  for  the  purpose  of  pre- 
venting the  links  from  entangling,  there  are  small 
projections  on  the  inner  quarters  opposite  to  each 
other,  and  next  towards  the  middle  of  the  link  as 

In  1828,  Mr.  Hawks  patented  an  invention  for 
thickening  the  ends  of  the  links  at  the  points  where 
the  greatest  friction,  and  consequently  the  greatest 
wear,  takes  place.  The  inventor  states  that  chain 
cables,  by  reason  of  the  continual  friction  of  the 
entls  of  the  links  against  each  other,  have  a  great 
tendency  to  wear  away,  so  that  having  been  in  use  a 
short  time,  the  strength  of  the  links  is  diminished. 

produced  either  !i>       M  ■  :     •»   ,  nr  stamping, 

with  projections  I M  i         '  -',  jilaeed  at  such 


distanceb  on  the  bar  as  to  come  exactly  opposite  eacli 
other  when  the  bar  is  turned  into  a  Kiik,  by  which 
means  the  extremities  of  the  links  are  made  thicker 
than  the  sides.  The  extremities  of  the  bar  are 
seal  fed  at  c  d  so  as  to  fold  over  each  other,  and  are 
welded  at  the  sides  of  the  link.  No.  2  shows  the  bar 
bent  or  turned  into  a  link  ready  to  be  joined  or 
welded.  No.  4  shows  the  finished  link,  and  No.  3, 
the  same  with  a  stay  in  the  centre.^ 

As  a  rope  or  a  cable  is  no  stronger  than  its  weakest 
part,  a  single  defective  Unk  would  practically  render 
the  \T hole  cable  equally  defective.  The  strength  of 
every  cable  is  therefore  tried  before  it  ib  isiui>d,  by  a 
machine  adapted  for  the  purpose.* 

As  it  is  somethnes  necessary  to  cut  the  hempen 
cable  in  order  suddenly  to  release  the  ship,  it  was 
necessary  to  make  some  provision  for  severing  the 
chain  cable.  This  is  done  by  means  of  a  bolt  and 
shackle  at  every  fathom  or  two  fathoms,  so  that  by 
striking  out  this  bolt,  the  cable  is  readily  detached. 

In  the  u^e  of   chain  c.il.hb,   the   hawbe  hnles  are 

1  i  '  .  ui  bo 

.^.rbe 

'' '1     '  "        ""'     '"li    1    '  'II    ^1     I  I  .1  laige 

bwan-necked  bar  of  toiigli  ii.,n  embiacing  the  cable 
as  it  comes  up  the  hatchway,  having  one  of  the  ends 
of  the  curve  fixed  to  the  beams  of  the  lower  deck  by 
means  of  a  powerful  bolt,  whilst  to  the  other  end  is 
attached  a  tackle,  also  worked  on  the  lower  deck,  by 
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whicli  this  curved  stopper  can  be  dra-wn  tight,  and 
the  chain  pressed  so  firmly  in  its  embrace  against  the 
angle  of  the  hatchway,  that  however  quickly  it  may 
be  running  out,  or  whatever  strain  may  be  brought 
on  it,  tlie  cable  is  arrested  almost  immediately. 

Another  form  of  cable-stopper,  invented  by  Mr. 
Biitten,   is   shown   in   Fig.  503.     The   apparatus   is 


intended  to  be  fixed  under  the  hatchway  of  the  deck. 
The  wliole  is  of  wrought  iron :  A  is  an  iron  plate ; 
B  a  thick  boss  of  the  same,  over  which  the  chain  or 
cable  I  runs;  c  a  lever  playing  upon  a  fulcrum  d; 
E  an  eccentric  lever  moving  upon  its  fulcrum  r,  and 
acting  upon  the  second  short  lever  k.  The  chain  or 
cable  I  is  nipped  or  stopped  altogether  by  the  extreme 
ends  of  each  lever  being  compressed  by  means  of 
a  rope  that  passes  through  the  puUies  g  g.  In  order 
to  set  the  chain  or  cable  free,  the  lever  may  be  re- 
tracted by  a  short  rope  n  fastened  to  the  extremity 
of  the  lever  e. 

Wlien  a  ship  is  at  anchor  the  weight  of  the  chain- 
cable  is  a  great  advantage,  the  strain  being  exerted 
on  the  cable  rather  than  the  ship,  and  this  strain 
must  be  enormous  to  draw  the  cable  into  a  straight 
line.  Instances  are  related  of  ships  enduring  a 
violent  storm  of  several  days,  dni-ing  which  30  or  40 
fathoms  of  their  iron  cables  have  been  completely 
polished  by  contact  with  rocks  and  other  rough 
materials.  The  great  weight  of  these  cables  is, 
however,  in  one  respect  a  disadvantage;  for  this 
being  added  to  the  weight  of  the  anchor,  is  so  great 
that  they  cannot  be  used  in  deep  water  without  some 
modification,  which  usually  consists  in  combining 
the  hempen  with  the  chain-cable,  the  anchor  being 
shackled  to  the  latter,  and  the  hempen  cable  with 
the  top  metal  link. 

The  use  of  chain-cables  has  been  greatly  promoted 
by  the  fact,  that  vessels  provided  with  them  can  be 
insured  on  more  favourable  terms  than  those  which 
do  not  possess  these  unproved  means  of  secmity. 

CHAIN-SHOT.  Two  iron  balls  Hnked  together 
by  a  chain  8  or  10  inches  long.  They  are  used  in 
naval  warfare,  for  the  pui-posc  chiefly  of  damaging 
the  enemy's  rigging. 

CHAIN-WORK,  see  Hosiery. 

CHALK,  one  of  the  numerous  forms  of  carbonate 
of  lime.     See  Lime. 


CHALYBEATE  SPRINGS,  mineral  waters  which 
contain  iron  in  such  quantity  as  to  form  one  of  their 
leading  ingredients.  The  term  is  derived  from  the 
Latin  cluilybs,  iron  or  steel.    See  Mineral  Wateks. 

CHARCOAL,  see  Carbon. 

CHART,  a  plane  projection  of  some  part  of  the 
sea,  for  the  use  of  navigation. 

CHASING  of  METALS.  The  valuable  property 
of  malleability  possessed  by  certain  metals,  admits  of 
their  being  spread  out  into  sheets :  these  sheets  can 
be  formed  into  useful  and  ornamental  vessels,  &c.,  by 
cutting,  bending,  joLoing,  spuming  at  the  lathe,  &c., 
while  the  same  property  of  malleability  admits  of 
their  being  raised  and  embossed  by  stamping,  raising, 
snarling,  chasing,  &c.  This  curious  and  important 
subject  will  be  considered  under  the  article  Raised 
Works  in  Metal:  but  the  reader  who  desires  to 
study  the  subject  in  detail  is  referred  to  the  first 
'  volmne  of  Mr.  Holtzapffel's  work  on  Mechanical 
Manipulation. 

CHEESE.  The  prmcipal  season  for  cheese-making 
is  from  May  to  September,  and  it  is  carried  on  m 
nearly  every  county  of  England,  but  there  are  par- 
ticidar  districts  which  have  acquired  great  repute  for 
the  cheese  produced  therein.  The  process  is  in 
nearly  all  cases  the  same.  It  is  well  knovm  that 
milk,  after  the  cream  has  been  removed,  will  separate, 
as  it  becomes  sour,  iffto  two  parts,  cui-d  and  whey. 
But  this  sort  of  curd  would  not  answer  the  purpose 
of  the  cheese-maker ;  therefore,  the  natural  process  is 
unitated  and  hastened  by  mixing  a  small  quantity  of 
acid  with  the  milk,  which  lias  the  eifect  of  cui-dling 
it  without  injiu-ing  its  quahty.  The  acid  commonly 
used  is  rennet,  a  preparation  of  the  gastric  juice 
I  from  the  stomach  of  a  sucking  calf.  Experience 
teaches  the  quantity  of  rennet  necessary  to  curdle 
a  certain  quantity  of  milk,  the  milk  beuig  previously 
coloured  with  annotto,  to  the  tint  required  for  the 
description  of  cheese  about  to  be  made.  When  the 
curd  has  formed  and  is  turm  enough  to  be  separated 
from  the  whey,  the  dairy-woman  plunges  her  hands 
to  the  bottom  of  the  cheese-tub,  and  with  a  small 
wooden  disk  stirs  and  breaks  the  ciu-d,  which  process 
she  afterwards  completes  with  her  hands,  carefully 
breaking  up  every  lump, 
and  reducing  the  whole  to 
fragments  no  larger  than 
a  hazel  nut.  This  may 
also  be  done  by  the  curd- 
cutler,  Fig.  564,  an  oval 
hoop  of  copper,  with  a  stem 
of  round  copper  rod  and  a 
wooden  handle.  When  the 
curd  is  thoroughly  divided 
it  sinks  to  the  bottom  of 
the  tub,  and  the  whey  is 
then  ladled  off  from  it,  and 
sent  to  the  hog-tub,  or  set 
aside  for  whey-butter.  Care 
is  taken  to  press  out  all  the 
whey  from  the  curd  by 
means  of  the  lading  dish  and  the  hands,  after  which 
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the  curd  is  cut  through  in  squares  with  a  knife  to  allow 
any  remaining  whey  to  flow  from  it.  The  curd  is  uow 
ready  for  the  vat  or  mould  in  which  it  is  to  be  shaped 
into  a  cheese.  This  is  made  of  elm  wood,  as  being 
least  liable  to  burst  with  pressure ;  it  is  pierced  with 
holes  at  the  bottom,  to  allow  the  whey  to  escape, 
aud  has  also  a  strong  wooden  cover.  In  filling  the 
vat  a  cheese  cloth  is  spread  loosely  over  it,  and  the 
curd  after  further  breakmg  up  and  squeezing,  is 
pressed  into  the  vat  aud  piled  up  on  the  top  in  a 
rounded  form.  The  ends  of  the  cheese-cloth  are  then 
folded  over,  and  the  vat  with  its  contents,  placed 
in  the  cheese-press,  where  it  receives  a  degree  of 
pressure  varying  with  the  size  of  the  cheese.  Cheese 
presses  are  of  several  kinds,  the  simplest  being 
merely  a  long  beam,  one  end  of  which  is  frequently 

placed  in  a  hole  in  the  wall,  while  the  other  is  loaded  ',  tion.    In  Cheshire  cht 
with  weights,  the  cheese  vat  being  placed  between  •  the  curd,  and  not  ni.  i«  i,  i   'J,. 
tlie  two.     Another  form  is  a  timber  frame,  withm  }      This,  which  is  lii 
which  is  a  large  square  stone  capable  of  bemg  raised    is  made  ia  quanni  i    - 

and  lowered  over  the  vat  at  pleasure.  A  tiiird  is  j  tons  annually.  Tlir  m  li  '  li 
a  cast-iron  press.  Fig.  565,  or  frame,  with  a  per-  made  in  Leicestershire:  it  is 
pcndic\daf  piston  arranged  to  cover  the  sinker  of  the  for  use,  under  two  years  oh 
Gloucester  cheese 


of  coarse  hnen  of  an  open  texture,  and  are  repeatedly 
washed  and  wrung  out  in  boiling-water  without  soap. 
An  abundance  of  clean  dry  cloths  for  wipmg  out 
dairy  vessels  after  they  are  washed,  is  an  indispensable 
item  in  the  fm-uiture  of  a  daii-y. 

The  cheese  m  its  vat  is  next  covered  with  brine  in 
the  salting-tub,  and  remains  several  days,  being  re- 
gularly turned  each  day.  It  is  then  removed  from 
the  vat  to  a  salting-bench,  where  it  stands  for  a  week 
or  ten  days,  being  carefully  i-ubbed  with  salt  every 
day.  If  the  cheese  is  large,  a  wooden  hoop  or  a 
fJlct  of  cloth  is  put  round  it  to  prevent  it  from 
cracking.  When  sufficiently  salted  it  is  removed  to 
the  drying-bench  and  thence  to  the  cheese-room, 
where  its  future  management  consists  chiefly  of 
wipmgs  and  turnings,  and  regidations  as  to  venlda- 


iiltif 


Led  with 
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su(ticicutly  mellow 
Double  and  single 
also  weU  known.     The  former 
is  made  of  the  milk  and  cream,  the  latter  of  the 
milk  and  half  the  cream.    Bath  and  York  are  famous 


for  ci 


,n  chee 


Good  cheeses  are  produced  in  large  quantities  in 
Holland.  In  Gouda  cheese,  which  is  considered  the 
best  made  in  that  country,  muriatic  acid  is  used 
instead  of  rennet.  Hence  it  is  never  infested  with 
mites.  Parmesan  cheese,  from  Parma,  in  Italy,  is 
skim-milk  cheese,  owing  its  rich  flavour  simply  to 
the  fine  herbage  on  the  banks  of  the  river  Po.  Swiss 
cheese,  especially  that  of  Gruyere,  is  pleasing  to 
some  tastes.  It  is  flavoured  with  herbs.  Our  chief 
imports  of  cheese  have  hitherto  been  from  Holland, 
but  within  the  last  few  years  a  large  quantity  has 
been  received  from  the  United  States.  In  1S47, 
this  latter  amounted  to  109,322  ewts.  The  duties 
cheese-vat,  and  raised  or  lowered  by  a  small  pinion  previous  to  1842,  were  10s.  M.  per-  cwt.  on  all 
attached  to  a  ratchet  wheel  and  lever  three  feet  long,  descriptions  of  foreign  cheese ;  but  m  that  year. 
The  lever  is  grooved  on  the  upper  side  to  hold  the  cheese  from  a  British  iiossLssion  was  admitted  at 
ring  of  the  weight  for  increasuig  or  diminishing  the  i  2i.  6d.  per  ewt.  dm  -. ,  In  1  I  'i  ■'  rmllior  rcduetiun 
power  in  proportion  to  the  (.listance  from  the  ratchet    took  place,  the   !■  .  •  iiikd  at   5*.  per 

wheel.     The  pressure  of  this  instrument  can  be  made  I  cwt.,  and  that  fi  -       .:        :,  imis  at  Is.  (id. 

to  equal  about  20  tons,  audits  cost  is  about  foui--and-  j  The  article  is  uow  li.c.     lu  l-ii  the  quantities  im- 
twenty  shilluigs.     The  vat  contauiing  the  cheese  re-    ported   amounted    to    oG 4,0t>7   ewts. ;    in  1859   to 
mains  under  pressure  at  fii'st  for  about  three  hours ;  it     406,547  ewts. ;  and  in  ISOO,  to  583,283  ewts. 
is  then  taken  out,  the  cheese  removed  and  allowed  to        CHICORY,  a  root   of  the   endive  or  dandelion 


stand  for  an  hour  or  two  in  a  vessel  of  hot  whey,  U 
the  purpose  of  hardening  the  outer  coat:  it  is  thru 
wiped  dry,  left  to  cool,  and  then  covered  with  a  cleni 
cloth  and  returned  to  the  vat,  which  has  also  been 
wiped  dry.  Another  three  hours'  prcssiu-e,  and  it  is 
agani  taken  out,  but  merely  for  the  purpose  of  wrap- 
ping it  ia  a  dry  cloth  and  returning  it  to  the  vat. 
This  is  continued  twice  a-day  for  two  days,  the  cheese 
bemg  turned  each  time  in  the  vat :  it  is  then  finally 
removed  from  the  press  and  carried  in  the  vat  to  the 
salting  tub.  In  aU  the  above  processes,  the  state  of 
the  cheese-cloths  is  of  great  importance ;  they  are 


ug  with  cofl'ee.     It  is  cultivated 
I        liuy,  and  is  exported  to  this  country 
li  .  Ill  large  quantities.     It  is  also  grown 

,u  \.ii,-i;i,.,  hiucohishire,  and  SulVolk.  The  seed 
is  sown  in  April,  and  tlir  li.iii  r  j  i-  l  ili'iid  m 
September.     The  roots  an-  ]■  :   I     ■  -  l"'d: 

they  are  then  cut  across  inl"   ,      '  '   '^i'  size 

of  a  walnut  and  dried  at  a  i.:l:i,  1,',  wlicli  mraus 
4  or  5  tons  are  reduced  to  1  ton.  It  thus  arrives  m 
London  m  a  dried  shrivelled  up  state,  ui  pieces 
rcscnibUng  the  cross  sections  of  a  parsnip.  It  is  of 
a  whitish  colour-,   almost  tasteless,  and  very  light 
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with  respect  to  its  balk.  To  prepare  it  for  use  it  is 
roasted  in  tlie  same  maimer  as  coffee,  [see  CorFEE,] 
which  changes  it  into  a  blackish  brown  colour.  It 
is  then  spread  out  m  shallow  boxes  or  coolers,  and 
when  cold  it  is  picked  by  hand  for  the  pm-pose  of 
separating  portions  of  wood  or  stone  that  may  by 
accident  have  got  in.  The  roasted  and  sorted  chicory 
is  next  giouud  by  the  action  of  two  massive  granite- 
edge  runners.  Pig  566,  to  which  motion  is  given  by 
a  veitical  axis,  to  which  they  aie  eoimectcd  by  means 
of  two  short  horizontal  axes  projecting  from  the 
vertical  one.  The  granite  runners  thus  moving  upon 
their  horizontal  axis  by  their  contact  with  the  bed, 
pass  constantly  round  by  the  motion  of  the  vertical 
axis  and  crush  the  material  which  is  thrown  in.  The 
bed-stone  is  also  of  granite  2  feet  thick,  and  weighing 


distinguished  therefrom.  The  presence  of  chicory 
may  be  detected  in  coffee  by  putting  a  spoonful  of 
coffee  gently  into  a  tumbler  of  clear  cold  water :  if 
pure  it  will  float  on  the  surface ;  if  not,  the  chicory 
will  separate  and  discolour  the  water  as  it  subsides. 
In  Germany  the  infusion  of  chicory  is  taken  as  a 
beverage  by  persons  in  humble  life :  in  this  state  the 
flavour  is  that  of  a  sharp  sweetish  wort,  resembling 
the  taste  of  liquorice,  and  in  colour  sunilar  to  that 
of  dark  sherry. 

Li  its  fresh  state  chicory,  or  succory  (Cichorium 
Inti/bus),  is  said  to  be  a  good  tonic,  and  to  have  the 
effect  of  an  aperient.  The  dandelion  tribe  is  so 
widely  diffused  that  it  is  probably  intended  by  nature 
for  the  benefit  of  man  and  animals.  The  presence 
of  chicory  in  coffee  is  said  to  give  bocli/  to  that 
beverage,  to  deepen  its  colour,  and  to  assist  that  soft 
and  pleasing  aroma  which  makes  coffee  acceptable. 
This  however  is  very  doubtful.  It  may  also  diminish, 
in  some  degree,  the  constrictive  effects  of  coffee. 
The  proper  proportion  is  2oz.  of  cliicory  to  16oz.  of 
coffee,  and  if  a  lai-ger  proportion  be  added  and  the 
price  of  coffee  be  charged,  the  addition  of  the  cheaper 
article  is  a  fraud.     It  is  stated  that  h;  "" 


Of  c 


;  the 


It 


ij  tons.  1  kis  1^  buuuundcd  by  a  sheet-iron  bolder, 
and  ,is  flic  chicoiy  is  crushed  out  by  the  action  of 
the  lunncit,,  it  is  collected  and  thrown  under  fliem 
again  by  niiaus  of  a  sciaper,  adjusted  to  the  proper 
cuive  and  mounted  on  an  axis  paiallcl  with  tlie 
central  axis :  this  scraper  can  also  be  adjusted  to 
different  heights.  When  the  chicory  is  sufficiently 
crushed,  a  hojipcr  is  opened  at  the  side,  and  the 
powder  is  discharged  mto  a  vessel  placed  to  receive 
it.  It  is  fhen  bolted  through  sieves  to  different 
degrees  of  fineness,  after  which  it  is  ready  for  sale. 
Accoiding  to  another  method,  the  roasted  chicory  is 
crushed  into  nibs,  which  are  again  picked  over  and 
then  soiled  infn  ■sizes  bv  boltmg.  These  nibs,  as 
well  as  thi'  p  •"  I'l  •     11^     111  liv  the  grocers. 

The  ]i       '  M  ibles  coffee,  but  is  finer 

in  till   _i  liiDwncolour.    When  put 

into  M\  id  I  11  I  h  I  Mitiicly  away.  It  soils  the 
fingeis  moil   than  cutlte,  autl  on  this  account  may  be 


1  1  IM\  f^.i-  :;i;iMHi(MMiii„,  ..r  r,,irrr,  12,000,0001bs. 
ijf  chic  my  wore  sold;  and  some  iimc  ago  it  was  pro- 
posed in  parliament  to  impose  a  duty  of  4(/.  per  lb. 
on  home  dried  cliicory,  with  a  view  of  lessening  the 
use  of  it,  or  even  of  throwing  it  out  of  use  altogether, 
as  was  effectually  done  some  years  ago,  iu  the  ease  of 
Hunt's  celebrated  roasted  com.  It  was  stated,  how- 
ever, that  the  moderate  use  of  chicory  helps  the  sale 
rf  rolfec.    In  April  1844,  when  a  debate  on  the 

1  1 1  took  place  iu  the  House  of  Conmions,  Mr. 
I  111^  observed  that  "we  were  mistaken  about 
1 .  1  y,  in  thuiking  that  the  use  of  it  prevented  the 
cuiibmnption  of  coffee:  he  believed  that  chicory  was 
mixed  to  a  large  extent  with  bad  coffee.  When  Lord 
Spencer  first  proposed  the  reduction  of  the  duty  on 
chicory,  the  result  was,  that  a  eertam  amount  of  bad 
coffee,  which  would  not  pass  in  the  market,  was  by 
admixture  with  chicory  made  to  go  down.  People 
were  wrong  in  supposing  that  chicory  made  bad 
coffee ;  he  believed  that  the  foreisn  coffee,  winch  we 
so  much  preferred,  e. iutainnl  niir-tliinl  cliicory.  Cross 
the  chaimel,  and  iu  iHiiui  u\  la,  I  all  fhe  coffee  you 
drmk  contains  oiie-thinl  pair  i.|'_  rliieiivy." 

A  correspondrut   \v.    i".  '  ■    f  ''    '.  ■  ^  h  Journal 

(No.  304,  N.S.)  >■.'  '      r,  warded 

altogether  as  an  aai   ^  <.-<r  ;,    '    ,   ali  r  ;dl 

over  the  continent  i^  •  liium  il  liv  ,  '.,  ,'  ,,/-.  "  The 
rule  is  to  roast  as  high  as  possible  witlumt  burning; 
and  the  higher  the  roasting  which  the  bean  wiH  stand, 
the  better  wUl  be  the  coffee.  Wlien  the  beans  are 
too  ripe,  the  fine  pale  green  colour  has  vanished  and 
they  are  sooner  burnt ;  and  likewise,  when  unequal 
m  si/.e,  one  portion  will  burn  before  the  other  is  highly 
enough  roasted.  To  make  the  beverage  good,  a  large 
quantity  of  ground  coffee  must  be  used,  and  the  pot 


must  never  by  any  means  be  allowed  to  boil, 
dance  of  sugar  is  likewise  ueeessaij'." 

Prussian  cliicory  is  considered  as  the  best. 
chicory  when  roasted  is  much  paler  in  colour 
mferior  value.  A  factitious  colour 
is  given  to  it  by  means  of  Venetian 
red  (sesquioxide  of  iron).  The 
great  demand  for  chicoiy  has  led 
to  its  extensive  idulteration,  fiist, 
by  whit  IS  called  Hambio'  poii  ki, 
which  consists  of  loistcd  lud 
giound  peis,  damaged  e 


colour 


nith  ^    1 


mlU 


uid 
thm 


ling 


coffee 

sbced  and  luastcd  as  subalitutes 
foi  clucoiy  Chicoiy  is  used  for 
adulter  iting  snuff  and  loi  coloiu 
ing  portei      [bee  Appendix  ] 

CHIMNLY    (iieuch  Utemime 
fioiu  Lilm  Camuiui,  a  fuinact  )    i 
coutuvauce  for  caiiying   oft   the 
smoke  of  a  file  or  fumice     It  also 
mci eases  the  draught  of  thi,  flit 
and  piomotes  the  \entilition  ot 
the  house  oi  loom  fiom  winch  it 
opous    History  Ins  faded  to  iccoid 
thu  nnentoi  oi  to  define  the  pi  ice 
whcie  the  chimney  was  fiist  used 
Chnrmcvs  seem  to  have  been  rr   i 
mou  at  Vemce  befoie  the  n 
of  the  foiuteenth  centmy 
uiseuption  o\ci   the  gate  i  I    t 
sohoolof  SautiMiuideUi,  e 
states,  that  ui  13-17,  a  gieat  i 
clmnneyswere  thiown  down  1 
eaithquike    a  'act  which  ib 
fiimul  by  John  Villain  who  i  1  i 
the  cvLut  to  the  CMUiii^  ft    ll 


JNEY.  'rfei 

I  25th  of  January.  Chimneys  had  also  been  in  use  at 
Padua  before  136S,  for  in  tliat  year-  Galeasio  Gataio 
relates,   that  Francisco  da  Carrai'o,  lord  of  Padua, 

I  ciime  to  Home,  and  finding  no  chimneys  in  the  iim 
where  he  lodged,  because  at  that 
time  fire  was  kindled  iu  a  hole  in 
tlie  middle  of  the  floor,  he  caused 
two  chunneys,  Kke  those  that  had 
been  long  used  m  Padua,  to  be 
constiuctcd  by  the  workpeople  he 
aad  bi0Uj,ht  with  liim  Over  these 
tlmiineys  the  fiist  ever  seen  in 
Home,  he  afiixcd  his  a 


* 


.   of 


Gatai 
folk,  ^ 


the  mr  I     I    1  1  I     )  I 
lecture  m  the  kmgdc 


has  not 
:sed  healths,  but  flues 
11  111"  fi  m  them  earned  up  m 
1 1  1   1 1    1     ml   mtenial  w  aUs 

\  \  ll  \'  11  \\  11  House  leally  be 
11  \ii  1  \  111  incdihcp  its  clmn 
nos  must  h  i\e  btcn  built  m  the 
twelfth  centmy,  and  couscquentlj 
the  claim  of  the  Italians  to  the 
invention  cannot  be  suppoited 
The  chimneys  at  Kenilwoith  and 
Conway  weie  also  piob  dih  elected 


to  thl 


dite  of  those  o 
lis  ust  then  clami 
ill  Ins  account  of 
Inch  he  says  was 
,  Hid.  lid  the  2 
'  I        \        One 


neans,  aad  by  no  covers,  is  the  smoke  of  the  harthe  I  When  once  mtroduced  mto  Ena-land,  the  merits  of 

n  the  hawle  wonder  stiangely  conveyed  "  chimneys  were  soon  appreciated  for  we  find  it  stated, 

Diu-uig  the  reigns  of  the  Tudors,  the  chimney  shaft    that  in  the  reign  of  Queen  Elizabeth,  apologies  wero 

Deo<ime  a  prominent  and  beautiful  featm-e  in  buildings.  I  made  to  visitors  if  they  could  not  be  accommodated 


r.c3  cms 

with  rooms  proyided  \rith  cliimneys,  aud  ladies  were 
frequently  sent  oat  to  other  houses,  where  they  could 
have  the  enjoyment  of  this  luxury,  for  such  it  must 
be  called  at  this  period,  when  the  poorer  class  of 
houses  was  not  yet  furnished  with  it. 

The  first  object  proposed  to  be  accomplished  by 
chimneys  was  to  discharge  into  the  air  the  products 
of  combustion,  instead  of  allowing  them  to  spread 
over  the  apartment.  "With  the  huge  wood  fii-cs  of 
our  ancestors,  the  large  hearth  recess  and  the  capacious 
flue  did  not  interfere  with  the  accompUslmient  of  the 
object  proposed ;  but  when  fire-places  were  mtroduced 
into  small  rooms,  and  coal  was  substituted  for  wood, 
the  ai-raugements  wliich  were  suited  to  the  baronial 
hall  or  kitchen  did  not  apply.  Science  was  unable, 
or  did  not  condescend,  to  investigate  the  subject,  and 
thus  the  defects  of  chimneys  continued  to  exist 
through  many  generations.  One  great  defect  ai'ose 
from  the  great  capacity  of  the  flue  in  proportion  to 
the  extent  of  the  fire,  the  heat  of  which  was  often 
insufficient  to  determine  an  upward  current  for  can'ving 
off  the  smoke.  It  is  now  a  matter  of  every  day  e.v 
perience,  that  the  force  of  the  ch-aught  in  a  chinmey 
is  so  much  the  greater  as  the  cokunn  of  air  which 
passes  up  it  is  longer  or  more  heated ;  or,  in  other 
words,  the  taller  the  chinmey,  or  the  hotter  the  fire, 
the  more  rapid  wiH  be  the  di-anght.  The  ascentional 
force  of  this  current  is  the  difference  between  tlie 
weight  of  the  column  of  heated  air  in  the  chimney, 
and  a  column  of  the  surrounding  atmosphere  of  equal 
height.  The  draught  -therefore  is  increased  by  in- 
creasing the  perpendicular  height  of  the  chimney. 
Its  length  in  a  horizontal  direction  does  not  increase, 
but  dunmishes  the  di-aught,  by  cooling  the  ah-  before 
it  gets  into  the  effective  pai-t  of  the  flue.  The  draught 
is  also  increased,  by  making  all  the  air  wliich  enters 
the  clumney  pass  through  or  very  near  the  fuel ;  for 
when  much  au:  gets  into  the  chunney  above  the  fire, 
by  having  a  high  mantel-piece,  the  mass  of  air  in  the 
chunney  cannot  get  sufficiently  heated. 

It  is  a  law  of  expansion  for  atmospheric  air  and  all 
gases,  that  they  dilate  almost  equally  and  very  nearly  in 
proportion  to  the  uierease  of  temperature.  According 
to  Gay  Lnssao,  1,000  cubic  inches  of  air  at  the  freez- 
ing temperatm-e  mcrease  in  bulk  to  1,375  cubic  inches 
at  tlie  temperature  of  boiling  water.  For  an  increase 
if  temperature,  therefore,  from  32°  to  212°,  amount- 
ing to  1S0°,  the  mcrease  of  volume  is  375  parts  in 
1 ,000,  or  f  of  the  whole  bulk ;  and  since  the  expansion 
is  uniform,  the  increase  of  volume  for  1°  will  be  found 
by  dividing  tins  by  ISO,  wliich  will  give  an  increase 
of  20f  parts  in  10,000  for  1°  of  Falu-enheit's  ther- 
mometer. The  recent  experuiionts  by  Magnus  and 
Regnault  have  thiown  a  doubt  on  the  correctness  of 
this  result.  By  methods  perfectly  independent  of 
each  other,  these  philosophers  have  arrived  at  0.3665, 
instead  of  0.375,  as  the  true  co-efficient  for  the 
expansion  of  atmospheric  air.  ' 

Now  as  this  law  of  expansion  applies  equally  to  air 
m  motion  as  to  ah  in  a  state  of  rest,  we  can  thus  cal- 
culate the  amount  of  dilatation  undergone  by  the 
column  of  au-  in  a  chhiiney  from  the  heat  of  the  fire  | 


m  the  grate.  But  as  the  heat  is  constantly  varying, 
so  also  is  the  volume  of  ascending  air.  The  air  of  the 
room  which  passes  through  the  fii-e  and  undergoes  a 
chemical  change  is  intensely  heated,  and  passuig  up 
the  flue  becomes  reduced  in  temperatm-e  at  every 
step.  The  air  which  rushes  into  the  cavity  above  the 
fii-e  becomes  also  suddenly  expanded,  rises,  and, 
mingling  with  the  heated  gaseous  products  of  com- 
bustion, diminishes  somewhat  of  then-  temperatiu-e 
while  it  augments  their  bulk.  The  mean  temperature 
of  the  heated  ascending  colimm  may  be  found  by 
taking  the  temperature  a  short  distance  above  the 
biuimig  fuel,  and  also  at  the  top  of  the  chunney; 
by  adding  these  two  results  together,  and  dividing  by 
two,  we  get  the  mean  temperatm-e,  or  a  near  ajjproxi- 
mation  thereto.  We  ai-e  then  able  to  calculate  the 
force  of  the  draught  by  applying  one  of  those  ndes 
which  scientific  men  have  formed  for  the  purpose.  The 
method  of  calculation  proposed  by  Montgolfier  is  very 
sunple,  and  appeals,  from  recent  inquiries,  to  be  accu- 
rate. It  is  this  -. — Ascertain  the  difference  in  height 
between  two  equal  colmnns  of  air  when  one  is  heated 
;  to  a  certam  temperature,  the  other  being  the  tempera- 
,  ture  of  the  external  au-,  and  the  force  of  the  (bauglit, 
or  the  rate  of  efflux,  is  equal  to  the  velocity  that  a 
heavy  body  would  acquire  by  falling  freely  through 
this  difference  of  height. 

Now  the  space  tlu-ough  which  a  heavy  body  falls  in 
perpendicular  height  in  oue  second  is  rather  more 
than  sixteen  feet ;  but,  by  the  law  of  accelerating 
forces,  the  velocity  of  a  faUmg  body  at  the  end  of  any 
given  tune  is  such  as  would  carry  it,  in  an  equ,al  time, 
through  twice  the  space  through  which  it  has  faHeu 
in  that  time ;  or  the  velocity  in  feet  per  second  is  equal 
to  8  times  the  square  root  of  the  number  of  feet  in 
the  fall ;  or,  to  the  square  root  of  the  number  obtained 
by  multiplying  64  by  the  lieight  of  the  fall  in  feet. 

Wlien  the  force  of  the  draught  of  a  chimney  is  the 
difference  in  weight  between  two  columns  of  air 
caused  by  the  expansion  of  one  of  these  cokunns  by 
heat,  the  decimal  00208  which  represents  the  expan- 
sion of  air  by  1°  of  Fahrenlieit  must  be  multiplied  by 
the  number  of  degrees  the  feinnpv.'itnre  is  rnisr-d,  and 
this  product  again  by  the  heipl!'  >  '  ''  '•  ■  ■  '  -  ln'im. 
Thus  if  the  height  of  the  CM-. ■,  !  tlie 

increase  of  temperature  20°,^u■  i  a..  J  '  ■  j".  ■  ■.  50 
=2.08  feet;  or  52.08  feet  of  hot  air  wiU  balance  50 
feet  of  the  cold  an ;  and  the  velocity  of  efflux  of  the 
heated  column  when  pressed  by  the  gi-eater  weight  of 
the  colder  column  -nill  be  equal  to  8\/2.08  =  11.54 
feet  per  second. 

Tlie  mean  temperature  of  the  heated  ascending 
current  in  a  cliimney  is  much  greater  than  20^'  above 
that  of  the  colder  column  -nith  wliich  it  is  compared ; 
but  it  is  most  probable  that  an-  expands  more  propor- 
tionally at  high  temperatni-es  than  at  low  ones  for 
equal  mcrements  of  heat.  As  the  law  of  expansion 
for  high  temperatures  has  not,  as  far  as  we  know, 
been  determined,  it  was  thought  better  to  select  an 
example  witliin  the  range  of  our  knowledge,  than  to 
assume  a  higher  temperature,  which  would  more 
nearly  represent  the  conditions  of  the  case. 


By  the  same  meaus,  the  efflux  of  air,  under  any 
given  pressui-e,  can  also  be  calculated.  The  pressure 
being  known,  we  calculate  the  height  of  a  column  of 
air  equal  in  weight  to  this  pressure.  Thus  if  the 
pressure  be  equal  to  one  inch  of  mercury,  water  is 


ercury  13.5  times 
■■-1.3.3  =  11,104 
^  to  the  rule 
I  he  velocity  of 
'if  iiiercury. 
bo  an  allowance 


7  times  the  weight  of 
the  weight  of  water  ;  t', 
mches,  or  930.4  1.  i  , 
8  x/030.4  —  244  IV.  i  ; 
efflux  under  the  pro  ~  1 1 1 1 

In  these  eases,  howevci 
for  loss  by  friction,  which  will  vary  according  to  the 
natm'c  and  size  of  the  chuiuiey  shaft,  and  also  ac- 
cording to  the  velocity  of  the  an-.  The  retardation  of 
the  air  by  friction,  in  passing  through  sti-aight  tubes, 
will  be  dii'octly  as  the  length  of  the  tube  and  the 
square  of  the  velocity,  and  inversely  as  the  diameter. 

In  this  way  the  action  of  chimneys  is  brought 
within  the  domam  of  science.  There  are,  however, 
practiced  difficulties  and  special  cases  which  usually 
come  under  the  treatment  of  the  smoke-doctor ;  these 
may  all  be  resolved  by  reference  to  well-known 
scieutiiio  principles,  but,  unfortunately,  the  smoke- 
doctor  is  not  always — indeed,  very  seldom,  a  man  of 
science.  The  following  cases  of  smoky  chimneys  and 
the  method  of  cui-e  will  include  as  much  as  need  be 
said  ou  this  subject. 

Chimneys  may  smoke  for  want  of  a  sufficient  supply 
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wuidow,  it  brings  a  cataract  of  cold  air  do\^ni  upon 
the  heads  of  the  inmates. 

It  has  been  proposed  to  cut  a  crevice  in  the  upper 
part  of  the  ^vindow-frame,  and  to  place  below  this  a 
tliin  shelf,  slopmg  upwards,  iu  order  to  dii-eet  the  air 
towards  the  ceiling,  where,  mingUng  with  the  heated 
air  of  the  apartment,  it  would  mitigate  its  tempera- 
ture, and  briug  it  down  again  to  feed  the  fire.  The 
objection  to  this  plan  is,  that  it  would  cool  the  room  ; 
but  as  fresh  aii-  admitted  fi-om  any  other  soui-ce  would 
have  a  similar  cooling  effect,  it  is  not  easy  to  propose  a 
better  plan.  An  old-fashioned  contrivance  for  kitchens 
was  to  place  in  one  of  the  spaces  of  the  wuidow-frame 
a  circular  tin  plate,  eontaming  a  wheel  mounted  on  an 
axis,  the  radii  or  vanes  bemg  bent  obliquely  :  these 
being  acted  ou  by  the  entering  ah-,  forced  it  round 
like  the  vanes  of  a  windmill,  and  at  the  same  tiuio 
dispersed  the  air  to  a  certain  extent,  and  prevented  a 
distinct  draught  from  being  felt.  Another  method 
was  to  take  out  a  pane  of  glass  and  substitute  a  tin 
frame,  giving  it  two  springing  angular  sides,  and 
being  furnished  with  liinges  below,  it  coidd  be  drawn 
in  more  or  less  above,  so  that  the  incoming  air  might 
be  du-ected  upwards,  and  regulated  as  to  quantity 
A  contrivance  has  lately  been  introduced  for  venti- 
lating rooms ;  but  when  there  is  a  fire  in  the  room,  it 
must  serve  the  pui-pose  of  introducing  air  instead  of 
lotting  it  out.     It  c.iiisisfs  of  a  number  of  strips  of 


where  doors  and  windows  fit  tightly  an^I 
so  that  scarcely  a  chink  is  left  for  tlu-  ,i  i  ,  i'  i 
air.  Or,  if  the  house  be  not  new,  the  \i  iiitii\'  ~  ,i  ,.i 
doors  are  often  listed,  sandbags  are  placed  over  the 
junction  of  the  two  window-frames,  and  a  thick  mat 
closes  the  bottom  of  the  door,  and  even  the  key-hole 
is  often  stopped.  It  is  no  wonder  that,  under  such 
circumstances,  the  chimney  should  smoke ;  for  the  air 
necessary  to  support  the  fire  must  come  down  the 
chimney  (the  only  way  left  for  it)  instead  of  passuig 
through  the  fii'e  and  up  it.  To  ascertain  in  a  rough 
way  how  much  air  is  required  per  minute  to  make  the 
fire  burn  well  without  smoking,  set  the  door  open 
untn  the  fire  is  buniing  properly,  then  gradually  close 
it  mitU  smoke  again  begins  to  appear.  Then  open  it 
a  little  wider,  and  hold  it  in  such  a  position  as  ^viU 
admit  the  necessary  supply.  Now  observe  the  width 
of  the  open  crevice  between  the  edge  of  the  door  and 
the  rabbet  into  wliich  it  would  shut.  Suppose  this 
distance  to  be  half  an  inch  in  a  door  eiglit  feet  high ; 
the  room  would,  in  such  a  case,  requu'e  for  the  en- 
trance of  the  air  an  apertui-e  equal  to  48  square 
inches,  or  a  hole  six  inches  by  eight  inches.  This, 
however,  would  be  more  than  is  usually  required. 
Dr.  Franklin  found  that  a  square  opening  of  sis 
inches  to  the  side  was  a  good  medium  size  for  most 
chimneys.  But  now  comes  the  difficidty,  (at  least 
in  English  houses,  where  no  an-  duet  is  provided 
by  the  architect  and  builder,  as  in  the  Polignac  fire- 
place,) where  to  make  this  opening.  If  made  in  the 
door,  it  not  only  interferes  with  the  privacy  of  the 
room,  but  admits  of  cold  drauglit  to  the  back  and 
feet  of  those  sitting  near  the  lire ;  if  made  in  the 
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to  exclude  it.  Perforated  panes  of  glass  have  also 
been  introduced  as  ventilators ;  but  they  must  also 
bring  air  into  the  room  instead  of  letting  it  out,  when 
a  fire  is  burning. 

A  second  cause  of  smoky  chimneys  arises  from  the 
size  of  the  fne-place ;  it  may  be  too  wide  or  too  high. 
Dr.  Franklin  recommended  that  the  openings  m  the 
lower  rooms  should  be  about  30  inches  square  and  IS 
deep ;  and  those  in  the  upper  rooms  only  18  inches 
square  and  not  quite  so  deep ;  the  intermediate  open- 
ings diminishing  in  proportion  to  the  height  of  the 

But  the  funnel  itself  may  be  too  high  compared 
with  the  size  of  the  file.  The  hot  an  ascending  to  a 
ceitam  height  may  distiibute  its  heat  to  the  air  m  the 
uppci  pait  of  the  flue,  so  that  the  whole  may  cool 
down,  and  the  c.lmunxMthiii  the  flue  be  n.  iily  of  the 
same  \i         i  )     I  ,        i  1,       In 


too  shoit  The  lemeelym  i,uch  cabe  is  tu  coutiaet 
the  opeimig  of  the  elumney,  so  as  to  force  all  the  air 
that  enters  to  pass  through  or  very  near  the  fire. 

In  some  houses,  instead  of  liaraig  a  separate 
chunney  for  each  room  or  fire-place,  the  flue  is  bent 
or  turned  fi-oni  an  upper  room  into  the  flue  of  another 
fire  from  below.  In  such  a  case,  the  upper  cldmney 
is  too  short,  since  the  length  can  oidy  be  estmiated 


from  the  place  where  it  euters  the  flue  of  the  lower 
room ;  and  this,  in.  its  turn,  is  also  shortened  in  effi- 
cient length  by  the  distance  between  the  entrance  at 
the  second  funnel  and  the  top  of  the  slack;  for  all 
that  pai-t  being  supplied  -n-ith  air  from  the  second 
funnel,  adds  no  force  to  the  draught ;  and  if  there  is 
no  iii-e  in  the  second  chimney,  it  cools  the  hot  cun-ent 
of  the  fu-st,  and  so  diminishes  the  draught.  The 
remedy  in  this  case  is  to  close  the  opening  of  that 
cliinmcy  in  which  there  is  no  fire. 

Chimneys  often  overpower  each  other,  and  so  cause 
them  to  smoke.  If,  for  example,  there  are  two  fire- 
places in  one  large  room,  with  fires  in  each,  and  the 
doors  and  windows  closed ;  if  the  two  ih-es  do  not 
burn  equally  well,  either  from  not  being  lighted  at 
the  same  time,  or  not  equally  supplied  with  fuel,  or 
fi'om  any  other  cause,  the  stronger  fire  will  overpower 
the  weaker,  and  di-aw  the  air  down  its  funnel  to  supply 
its  own  demand.  The  an-  descending  the  funnel  of 
the  weaker  fire  brings  the  smoke  with  it,  and  thus 
fills  the  room.  Two  chimneys  iu  different  re 
wliich  communicate  by  a  door  may  also  act  in  this 
way  whenever  the  door  is  opened ;  so,  also,  in  a  house 
where  all  the  doors  and  windows  fit  tightly,  a  strong 
kitchen  chunney  on  the  lowest  floor  may  overpower 
any  other  chimney  in  the  house,  and  draw  air  and 
smoke  into  the  rooms  as  often  as  a  door  communi- 
cating with  the  stau-oase  is  opened.  Dr.  Franklin 
mentions  the  case  of  a  nobleman's  house  iu  West- 
minster afflicted  with  this  troublesome  complaint.  It 
was  a  new  house,  and  after  the  owner  had  paid  for  it, 
and  discharged  all  claims,  he  had  to  expend  300/.  more 
before  the  smoky  chimneys  were  cui'ed.  Of  com'se, 
the  only  remedy  for  this  disorder  is,  to  provide  each 
room  with  the  means  of  fumishiug  the  fii-e-place  with 
a  sufficient  supply  of  ah-  for  the  combustion  of  the 
fuel.  T\licu  wiU  ai-chitects  and  builders  be  convinced 
of  the  fact,  that  fire-places,  as  weE  as  human  beings, 
requii-e  constant  supplies  of  fresh  air,  and  that  it  is 
then-  duty  to  provide  every  room  with  air-channels, 
placed  so  as  to  feed  the  fixe  ^vithout  annoying  the 
inmates  ? 

Another  fruitful  source  of  smoky  chimneys  is,  when 
their  tops  are  commanded  by  higher  buildings,  or  by 
a  hUl,  so  that  the  wind  blowing  over  them,  falls  like 
water  over  a  dam,  sometimes  almost  passing  over  the 
tops  of  the  chimneys,  and  beating  down  the  smoke. 
If  the  fuimels  cannot  be  raised,  so  that  theii-  tops  may 
be  of  the  same  height,  or  higher  than  the  emhienoe, 
the  only  remedy  is  to  mount  one  of  those  ugly  con- 
trivances ■n'ith  vv'hich  the  chinmey  doctors  delight  to 
satii'ise  the  arcliiteet  and  builder,  and  which  are  thus 
enmncrated  by  an  amusmg  writer  m  Chambers's 
Edinburgh  Journal :—"  The  simplest  of  all  consists  in 
the  well-known  revolving  bonnets  or  cowls,  with  wind- 
an'ows  on  their  summits ;  which,  by  the  way,  were 
once  called  Bishops  m  Scotland,  while  a  friend  assures 
me,  that  m  the  west  of  England  he  has  heard  them 
styled  Presbyterians.  The  philosophy  of  tliis  contri- 
vance is  sullicieutly  sim])le,  in  whichever  dii-eetion  the 
wind  blows,  the  month  of  the  chunney  is  averted  from 
it.     This  prhiclplc  has  its  development  in  a  thousand 


devices — some  looking  like  Dutch  ovens  come  up  to 
see  the  world,  some  Kko  half  sections  of  sugar  loaves, 
some  like  capital  H's,  and  sundry  other  pleasing 
objects.  The  red  chhnuey-pots,  too,  have  contri- 
vances of  a  similar  intention,  in  the  diverging 
spouts  and  cavities  and  twists  which  some  of  them 
deUght  in.  A  different  species,  is  the  perforated 
whirling  variety,  which  seem  pertuaUy  whizzing  round 
for  the  mere  fun  of  the  thing,  since  any  good  they  do 
is  extremely  apt  to  escape  detection.  They  are  a  lively- 
looking  apparatus  ;  but  on  squally  nights,  and  when 
the  pivot  becomes  a  little  rusty,  the  musical  soimds 
they  give  foi-th  can  scarcely  be  considered  agreeable. 
Among  the  more  iiitji:,!'ii.,  i  f  -ii,.il..r-(iii.  ^  .  an  iu- 
vcution  of  recent  (III:   II   ■,    .,.!i'.    .;  •' ,     mj-ivp 

ventilator,  deservc^  ■'     '•     .       I  >     imiue 

impUes,  of  wind-\'ai  i .  ■  ^  i  1 1  i  ■  i  ,  I  i  i  1 1  n  r  \  1 1  r  1 1 1 1 1  v  uf  a 
revolvhig  screw.  AYhun  the.  wind  strikes  thrse  vanes, 
it  produces  a  rapid  revolution  of  the  screw,  wldch  is 
thus  supposed  to  wind  up  the  smoke  or  vitiated  air 
from  below.  Perhaps  it  serves  the  proposed  end;  but 
whether  the  positive  advantage  thus  gained  is  not  lost 
by  the  obstruction  of  such  apparatus  to  the  ft'ee 
passage  of  smoke  in  calm  weather,  is  a  pouit,  iu  my 
estimation,  more  than  questionable.  For  the  relief  of 
such  chinmeys  as  only  smoke  in  windy  weather, 
perhaps,  this  and  other  forms  of  external  apparatus 
are  best  adapted.  Another  invention  of  equal  merit, 
is  a  chimney-cap  of  metal  externally  grooved  in  a  series 
of  spu'al  curves  up  the  pipe,  which  end  in  a  kind  of 
mouth-piece,  from  whence  the  smoke  issues.  The 
wind,  when  impelled  against  this  apparatus,  is  sup- 
posed to  take  somewhat  of  the  direction  of  the  spii-al 
grooves,  and  thus  to  form  an  upward  cm-rent  to  assist 
the  emission  of  the  smoke."  One  of  the  most  recent 
of  this  class  of  inventions  is  Day'i  mnJ-  '.  —\'r\ 
consists  of  an  octagonal  metaUie  chinu.r . 
four-  slits  in  it,  which  are  protected  i 
pieces  or  slips  of  metaL  'RTicn  a  eurr.  m 
in  any  direction  against  the  cii|',  it      i  uus 

the  air  in  such  a  manner,  as  I I  i.  ;,  i-  p  .>.luce 

a  draught  up  the  pipe.  "Iu  i  i  _  '  '  .-  duwa 
the  loug  streets  of  the  smoky  n  ,,  i  ,  i,i;.  ,^  a  -nrvey 
of  the  roofs  and  their  tormented  chinmeys,  ihe  infinity 
of  other  contrivances  is  so  great,  that  it  is  scarcely  a 
poetical  hyperbole  to  say  our  pen  starts  back  from  it. 
Here  is  patent  upon  patent,  scheme  after  scheme, 
each  doing  its  best,  no  doubt,  to  obtaui  the  mastery 
over  that  simple  thing — smoke ;  and  each  with  a 
degree  of  success  of  a  very  hopeless  amount.  There 
appears  to  me  something  intensely  ludicrous  in  these 
struggles  agamst  what  seems  to  be  an  absurd,  but  an 
invincible  foe;  the  vei-y  element  of  whose  success 
against  us  lies  in  our  not  strangling  him  in  his  birth. 
Many  obstacles  are  in  the  way,  no  doubt ;  there  are 
obstacles  in  the  way  of  every  good ;  but  I  have  little 
doubt,  that  had  the  perverted  ingenuity  which  has 
mis-spent  itself  upon  the  chimney-pots  been  directed 
to  the  fire-place,  we  might  have  now  had  a  different 
tale  to  teU.  The  smoke  nuisance  is  laughed  at  as  a 
minor  evU,  by  a  great  practical  people  like  ourselves, 
who  heroically  make  up  theh-  udnds  to  put  up  witli  it ; 


but  when  it  is  considered  ;is  an  nam  in  the  comfort, 
cleanliness,  and  health  of  a  whole  nation,  it  assumes, 
or  should  assume  a  dificreut  position." 

We  do  not  by  any  means  aflirm  that  the  above  con- 
trivances are  always  effectual  in  the  cure  of  smoky 
chimneys;  for  it  is  easy  to  imagine  rases  where  cliim- 
neys  will,  or  rather  must  sninkr,  !ii  -,  n.  >  i  i  !,>  vJiule 
host  of  caps,  cowls,  and  vaiiLs      I       >     i  \\\wn 

the  chimney  commanded,  the  wind  wullM,  aa  i;.  wurc, 
be  dammed  up  between  the  house  and  the  eminence, 
and  force  its  way  down  the  cliiirmeys  in  whatever 
position  the  turn-cap  or  other  contrivance  might  be 
situated.  l")r  VriMl.liii  mnitions  a  city  in  which 
many  Iiok  .  ■   :  ■    1  w  ith  smoky  chimneys  by 

this  opei,;!'       :  i   'rluns  being  built  behind, 

and  coniK  1 1 1 . 1  li\  ,i  i- 1  i.-i  «i(h  the  houses,  the  tops 
of  the  kitclicu  chimneys  were  thus  lower  than  the 
tops  of  the  houses,  and  thus,  when  the  wind  blew 
against  the  backs  of  the  houses,  the  whole  side  of  a 
street  formed  a  dam,  and  the  obstniotcd  wind  was 
forced  down  the  kitchen  chimneys,  and  passed  along 
tlie  passages  into  the  houses,  and  so  into  the  street. 
Tliis  was  especially  the  case  when  the  kitchen  ikes 
were  burning  badly.  In  srunmcr  the  annoyance 
assumed  a  different  form,  for  the  smoke  was  wafted 
from  the  kitchen  chimneys  into  the  chambers  of  the 
upper  rooms. 

Chunneys,  which  othei-wise  draw  well,  will  often 
smoke  from  the  improper  situation  of  a  door.  Thus 
when  the  door  and  the  chimney  are  on  the  same  side 
of  the  room,  and  the  door,  being  in  the  corner,  is 
made  to  open  against  the  waU,  as  is  usually  done,  to 
have  it  more  out  of  the  way,  it  follows  that,  when  the 
door  is  partly  opened,  a  cuixeut  of  air  rushes  in  and 
passes  along  the  wall  into  and  across  the  opening  of 
the  fii-c-plaoe,  and  whisks  the  smoke  into  the  room. 
This  happens  more  frequently  when  the  door  is  being 
shut,  for  then  the  force  of  the  cmi-ent  is  mereased, 
and  persons  sitting  near  the  ih-c  feel  all  the  inconveni- 
ence  both  of  the  draught  and  the  smoke.  A  remedy 
may  be  fomid  by  an  intervening  screen,  projecting 
from  the  wall  and  passmg  round  a  gi-eat  part  of  the 
fire-place ;  or  still  better,  by  shifting  the  hinges  of  the 
door,  so  as  to  throw  the  air  along  the  other  wall. 

A  room  with  no  fire  in  it  is  sometimes  filled  with 
smoke  from  the  fimnel  of  another  room,  in  which  a 
fire  is  burrmig.  This  ai-ises  from  changes  in  density 
of  the  au-  in  the  cold  fiumel,  from  changes  in  tempe- 
ratxu-e  by  day  and  by  night,  as  well  as  from  changes 
in  the  dii-eotion  of  tlie  wind.  It  is  foimd  that  when 
the  temperature  of  the  outer  air  and  of  that  m  tlie 
funnels  is  nearly  equal,  the  air  begms  to  asoend  the 
funnels  as  the  cool  of  the  evening  comes  on,  and  this 
current  will  continue  tiU  nine  or  ten  o'clock  next 
morning ;  then,  as  the  heat  of  day  approaches,  it  sets 
downwards  and  continues  to  do  so  till  evening ;  it  then 
changes  again  and  continues  to  go  upwards  diuing 
the  night.  Now  when  the  smoke  from  the  tops  of 
neighbouring  funnels  passes  over  the  tops  of  fimnels 
which  ai'e  drawing  do'wnwards,  the  smoke  is  also 
drawn  down  and  descends   with  the   an-  into  the 
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bcr.  The  remedy  proposed  by  Dr.  Franklin, 
.0  contract  the  opemng  of  the  chimney  to  about 
two  feet  between  the  jambs,  and  to  brhig  the  breast 
down  to  about  three  feet  of  the  heai-th.  An  kon 
frame  is  then  placed  just  under  the  breast,  and  ei 


tended  to  the  back  o 
iron  may  shdo  limi 
the  grooves  on  r, 
when  thrust  qiiiir 
shuts  up  the  clumi 
But  when  there : 


e  chhnn 


o  that  a  plate  of 
and  forwards  in 
me ;  this  plate, 
lule  space,  and 
here  is  no  fire. 


n  be  di-awu  out,  so  as  to 
leave  between  its  further  edge  and  the  back,  a  space 
of  about  two  inches,  which  is  sufficient  for  the  smoke 
to  pass;  and  so  large  a  part  of  the  funnel  bemg 
stopped  by  the  rest  of  the  plate,  the  passage  of  warm 
air  out  of  the  room  up  the  chunney  is  hi  great  measure 
prevented,  as  is  also  the  cold  ak  from  crevices  to 
supply  its  place.  The  effect  is  seen  hi  three  ways  :— 
1.  When  the  fire  bums  briskly  m  cold  weather,  the 
howlmg  or  wliisking  of  the  wind,  as  it  enters  the 
room  through  the  crevices  when  the  clumuey  is  open, 
ceases  as  soon  as  the  plate  is  sKd  in  to  its  proper 
distance.  2.  Opening  the  door  of  the  room  about 
half  an  inch,  and  holding  the  hand  agakist  the  opening 
near  the  top  of  the  door,  you  feel  the  cold  ak  comkig 
m  agamst  yoiu-  baud,  but  weakly  if  the  plate  be  in. 
Let  another  person  di-aw  it  out,  so  as  to  let  the  air 
of  the  room  go  up  the  chhimey  with  its  usual  freedom 
in  open  chunneys,  and  you  hnmediately  feel  the  cold 
ak  rushing  m  strongly.  3.  If  something  be  set  against 
the  door,  just  sufficient  when  the  plate  is  in  to  keep 
the  door  nearly  shut,  by  resisting  the  pressiu'e  of  the 
air  that  would  force  it  open,  llim.  w  Imu  llio  plate  is 
di-awn  out,  the  door  wiU  he  fuinil  ..|iiu  In  the  in 
creased  pressure  of  thcoutwaid  c-ld  aw  nidi  avuurmg 
to  get  in,  to  supply  the  place  of  the  w  ami  air  that 
now  passes  out  of  the  room  to  go  up  the  chimney. 
"  In  our  common  open  cliknueys,"  says  tlie  Doctor, 
"half  of  the  fuel  is  wasted,  and  its  ettect  lost;  the  ak 
it  has  w'armed  being  iumiediately  ikaAvn  off." 

Tlie  form  of  the  chinmey-pot  has  also  an  influence 
on  the  free  passage  of  the  smoke.  Many  of  those 
fancy  chimney-pots  ornamented,  smgly  or  clustered 
together,  will  cause  the  chimneys  to  smoke  in  strong 
wkids ;  the  ornaments  serving  as  points  of  resistance 
to  the  wind,  after  reflficting  it  down  the  chimney ; 
and  the  clustered  arrangement  presenting  a  broad 
resistmg  sui-face,  so  that  the  wind,  in  blowing  against 
them,  rises  up  along  the  surface,  and  blows  strongly 
over  the  mouths  of  the  pots,  so  that  the  smoke  can- 
not force  its  way  tlrrough  the  blast.  In  Venice,  the 
top  of  the  flue  is  rounded  into  tl>e  tiiie  form  of  a 
funnel,  and  this  is  often  found  to  answer  the  pni-posc ; 
but,  at  present,  we  do  not  know  of  any  remedy  except 
a  tiim-cap,  or  one  of  the  many  elegant  contrivances 
which  give  such  wonderful  variety  to  the  sky  line  of 
most  of  our  houses  and  public  buildings. 

Cases  of  smoky  clunmeys  may  arise,  which  may 
puzzle  the  science  of  the  most  accompUshed  smoke 
doctor.  We  borrow  two  such  cases  from  Franldin, 
"I  once  lodged,"  he  says,  "m  a  house  in  London, 
which,  in  a  little  room,  had  a  single  chinmey  and 
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fanncl.  The  opening  was  very  small,  yet  it  did  not 
keep  in  the  smoke,  and  all  attempts  to  have  a  lire  in 
this  room  -ncrc  fiiiitless.  I  could  not  imagine  the 
reason;  till  at  length,  obserTiug  that  the  chamber 
over  it,  -which  had  no  fire-place  in  it,  was  always  filled 
with  smoke  when  a  fire  was  kindled  below,  and  that 
the  smoke  came  through  the  cracks  and  crevices  of 
the  wainscot,  I  had  the  wainscot  taken  down,  and 
discovered  that  the  funnel  which  went  up  behind  it, 
had  a  crack  many  feet  in  length,  and  wide  enough 
to  admit  my  ann ;  a  breach  very  dangerous  with  re- 
gard to  fire,  and  occasioned,  proljably,  by  an  apparent 
irregular  settling  of  one  side  of  the  house.  The  ah- 
entei-ing  this  breach  freely,  destroyed  the  drawing 
force  of  the  funnel.  The  remedy  would  have  been, 
filling  up  the  breach,  or  rather  rebuilding  the  funnel ; 
but  the  landlord  rather  chose  to  stop  up  the  chimney." 

The  second  case  occun-ed  at  the  house  of  a  friend 
near  London.  "  His  best  room  had  a  chimney,  in 
which  he  told  me  he  never  could  have  a  fire,  for  all 
the  smoke  came  out  into  the  room.  I  flattered  my- 
self I  could  easily  fiud  the  cause,  and  prescribe  the 
cure.  I  opened  the  door,  and  perceived  it  was  not 
want  of  air.  I  made  a  temporary  contraction  of  the 
opening  of  the  chimney,  and  found  that  it  was  not  its 
being  too  large  that  caused  the  smoke  to  issue.  I 
went  and  looked  up  at  the  top  of  the  chunney,  its 
funnel  was  joined  in  the  same  stack  with  others,  some 
of  them  shorter,  that  drew  very  well,  and  I  saw  notliing 
to  prevent  its  doing  the  same.  Li  fine,  after  every 
other  examination  I  could  think  of,  I  was  obliged  to 
own  the  insufiiciency  of  my  skill.  But  my  friend, 
who  made  no  pretension  to  such  kind  of  knowledge, 
afterwards  discovered  the  cause  himself.  He  got  to 
the  top  of  the  funnel  by  a  ladder,  and  looking  down, 
found  it  filled  with  tmgs  and  straw  cemented  by  earth, 
and  lined  with  feathers.  It  seems,  the  house,  after 
being  bvult,  had  stood  empty  some  years  before  he 
occupied  it ;  and  he  concluded  that  some  large  birds 
had  taken  the  advantage  of  its  retired  situation  to 
make  their  nests  there.  The  rubbish,  considerable  ia 
quantity,  being  removed,  and  the  funnel  cleared,  the 
chimney  dr-ew  well,  and  gave  satisfaction." 

It  has  been  remarked,  that  chinmeys  situated  in 
the  north  wall  of  a  house,  do  not  draw  so  well  as 
those  in  a  south  wall ;  because  when  cooled  by  north 
winds,  they  are  apt  to  draw  downwards.  Hence, 
chimneys  enclosed  in  the  body  of  a  house  are  more 
favour-ably  situated  than  those  in  exposed  walls. 
Chimneys  in  stacks  often  draw  better  than  separate 
fimnels,  because  those  that  have  constant  fires  in 
them  warai  those  iu  which  there  are  none. 

Ascending  and  descending  currents  in  chimneys 
are  thus  explained  by  Dr.  Fi-auklin : — "  In  the  summer 
time,  when  no  fire  is  made  in  the  chimneys,  there  is, 
nevertheless,  a  regidar  draft  of  air  through  them, 
continually  passing  upwards  from  about  fiic  or  six 
o'clock  in  the  afternoon,  till  eight  or  nin,  m',  '  ', 
nest  morning,  when  the  current  begins  i  ' 
and  hesitate  a  little  for  about  half  an  hmu . 
sets  as  strongly  down  again,  which  it  contii.M.  ii  .! 
tUl  towards  five  in  the  afternoon,  then  slackens  and 


hesitates  as  before,  going  sometimes  a  Uttlc  up,  tlica 
a  little  down,  till,  in  about  half  an  hoivr,  it  gets  into 
a  steady  upward  current  for  the  niglit,  which  con- 
tuiues  till  eight  or  nine  the  next  day ;  the  hours  vary- 
ing a  little  as  the  days  lengthen  and  shorten,  aud 
sometimes  varying  from  sudden  changes  in  the 
weather;  as,  if,  after  being  long  warm,  it  should 
begin  to  grow  cold  about  noon,  while  the  air  was 
coramg  down  the  chimney,  the  current  will  then 
change  earlier  than  the  usual  hour,  &c.  This  pro- 
pei-ty  iu  ehimneys,  I  imagine,  we  might  turn  to  some 
accoimt,  and  render  improper  for  the  future  the  old 
saying,  'As  useless  as  a  chimney  in  summer.'"  The 
doctor  then  shows  how  the  chimney  might  be  con- 
verted into  a  cool  larder  for  summer,  and  then  goes 
on  to  explain  the  cause  of  the  phsenomena  he  has 
described.  "In  smiuner  time  there  is  generally  a 
great  difference  in  the  warmth  of  the  air  at  mid-day 
and  midnight,  and,  of  course,  a  difference  of  specific 
gravity  in  the  air,  as,  the  more  it  is  wanned,  the  more 
it  is  rarefied.  The  funnel  of  a  chimney,  being  for  the 
most  part  surroimded  by  the  house,  is  protected,  in  a 
great  measure,  from  the  direct  action  of  the  sun's  rays, 
and  also  from  the  coldness  of  the  night  air.  It  thence 
preserves  a  middle  temperature  between  the  heat  of 
the  day  and  the  coldness  of  the  night.  This  middle 
temperature  it  communicates  to  the  aii-  contained  in 
it.  If  the  state  of  the  outward  ah'  be  cooler  than 
that  in  the  funnel  of  the  chimney,  it  wUl,  by  being 
heavier,  force  it  to  rise,  and  go  out  at  the  top.  What 
supplies  its  place  from  below,  being  warmed  in  its 
turn  by  the  warmer  funnel,  is  likewise  forced  up  by 
the  colder  and  weightier  air  below;  and  so  the 
cun-ent  is  continued  till  the  next  day,  when  the  sun 
gi-aduaUy  changes  the  state  of  the  outward  air,  makes 
it  first  as  warm  as  the  funnel  of  the  chimney  can  make 
it,  (when  the  cun-ent  begins  to  hesitate,)  and  after- 
wards, warmer.  Tlien,  the  funnel,  being  cooler  than 
the  air  that  comes  into  it,  cools  that  air,  makes  it 
heavier  than  the  outward  air, — of  course,  it  descends  ; 
and  what  succeeds  it  from  above,  bemg  cooled  iu  its 
turn,  the  descending  current  continues  tUl  towards 
the  evening,  when  it  again  hesitates,  and  clianges  its 
course,  from  the  change  of  wanuth  in  the  outward 
air,  and  the  nearly  remaining  same  middle  tempera- 
ture in  the  funuel.  ...  If  that  part  of  the  funnel  of 
a  chimney  which  appears  above  the  roof  of  a  house 
be  pretty  long,  and  have  three  of  its  sides  exposed  to 
the  heat  of  the  sun  successively — viz.  when  he  is  in 
the  cast,  in  the  south,  and  in  the  west,  wliile  the 
north  side  is  sheltered  by  the  building  from  the  cool 
northerly  winds,  such  a  chimney  will  be  often  so 
heated  by  the  sun,  as  to  continue  the  draft  strongly 
upwards  thi-ough  the  whole  twenty-four  hom-s,  and 
often  for  many  days  together.  If  the  outside  of  such 
a  chimney  be  painted  black,  the  effect  will  be  still 
greater,  and  flic  current  stronger." 
^  ^\■,^r   (',•:  ;,.'x.   Mv    :,.,!    :.  IM,!,-  to  have  their 

1 '       I :         ...■>■■  :i  (olerably  -wide. 
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fliw3  are  conducted  into  one  vertical  cliimney-stalk, 
the  draiiglit  of  the  several  fires  is  improved,  and  the 
products  nf  combustion  are  conveniently  got  rid  of. 

A  great  improvement  has  taken  place  of  late  years 
in  the  building  of  these  costly  stmcturcs.  The  usual 
expeiisive  scaffolding  is  entirely  superseded,  bv  Iim\  ing 
recesses  within  the  chimney  at  regidar  inn  n.iK  :■  ''rw 
feet  apart,  for  receiving  the  ends  of  stout  \. 
placed  across  the  chimney,  so  as  to  fiiim  :i 
tenial  temporary  ladder.  By  this  mcmi^,  .u  I  \  nli 
the  assistance  of  ropes  and  pulleys,  all  the  builtliiig 
materials  are  hoisted  as  they  are  wanted.  In  tliis  way, 
1  bricklayer  with  tlie  assistance  of  a  labourer,  can,  in 
a  few  weeks,  raise  a  chunney  40  feet  high,  5  feet  8 
inches  square  outside,  2  feet  S  inches  inside  at  the 
base,  28  inches  outside,  and  20  inches  inside  at  the 
top.  The  erection  is  facilitated,  and  the  solidity  in- 
',  by  building  it  m  two  or  more  successive 
plinths  or  recedures.  Such  chimneys  must  be  thick 
and  substantial  near  tlie  base,  in  order  to  sustain  the 
great  heat  of  the  fivp  niirl  prfvo'it  the  hot  current 
from  cooling  too  i:ij  '  li-  I  -  ;:iys: — "When 
many  flues  are  comii'i  mim-y  stalk,  the 

a  of  the  latter  ,sli"iiM  \-v  ih-.-uin  i'i\\\:i\  to  the  sum 
of  the  areas  of  the  Ibniier,  or  at  least  of  as  many  of 
lem  as  shall  be  going  simultaneously.  When  the 
■oducts  of  combustion  from  any  fmiiaee  must  be  con- 
ducted downwards,  in  order  to  enter  near  the  bottom 
of  the  main  stalk,  they  will  not  flow  off  untU  the  low- 
est part  of  the  channel  be  heated,  by  burning  some 
wood  sha\'ings  or  straw  in  it,  whereby  the  air  syphon 
is  set  goin-'lMrn.-rK-.'flT  nffrr  ki-iHli;-  tlMmnsient 
fire  at  tli:il  ■  ;    '.  i-  ■      '■'''■'■  r,\  :  't   ■'  •■:    !  ,   •,  L^'li  it 

sello     1  V  '     n-  eat  f    t     ■  I  c    fain 

degiee  of  1  eat  is  always  mamtamed  m  tl  e  fl  les  or  at 
Itas  sho  il  1  be  preserved  by  shutting  the  dan  pei 
[late  of  each  sej  aiatc  flue  whenever  its  own  fun  ace 
ceascb  to  ct  &o  le  elnn  neys  aie  fu  ushed  at  top 
tl  a  cnj  ^  of  stone  slabs  to  see  uetheu  buck  v  ik 
a  ao  t  tl  e  I  It  ation  of  lau  s  a  id  tl  ey  si  o  il  I  be 
lull       tl        t  lie  c     1  ctu      ol     to   potcct 


top.  Around  the  shaft,  but  not  touching  it,  are  stone 
steps  leading  to  the  top,  with  laufliiigs  at  certain 
illtcrv:il^       ^Fr  r.ilvtt'<  nhiof  ronso,,  for  :Hl..pli,ig  this 


|! 


fl 


laudn 


-.haft; 


At    AI      11  C    1   tt       I         el 

T)a    e   T     1    tl     cl        ey    1    Iff     tl 
s  CO  st      tc  1       a  pec  1  ai  n  anne 
\1  el     s  c       !      fve  feet  m  clear  d 

ay    1    a    llJ    I  ct  1  "•!     si     It  nf  \. 
woik     flat    s  t  11        1 

bottom  a   1  6       1  ' 

been  mo  dde  I  f o     I  1 

ofato^      l-f 


Ish  1( 


t   at 


!  i  I .  I  ble  extent  by  keeping  olT  cold  air ;  and  moreover, 
■i  ift  wordd  have  required  more  expensive  arrange- 
iu<;iil3  for  erection  than  the  shaft  and  tower.  The 
surrounding  tower  does  not  touch  the  shaft  at  any 
pouit;  and,  on  standing  on  the  top  landing,  and 
pressing  the  hand  with  moderate  force  against  the 
stalk,  the  whole  of  the  shaft  can  be  rocked  backwards 
and  foi-wards  through  a  range  of  a  few  inches.  This 
rocking  doubtless  takes  place  in  all  tall  shafts  by  the 
action  of  the  wind  upon  tlicm.  As  the  tower  does 
not  touch  the  chimney,  the  most  perfect  facilities  are 
thus  afforded  for  ascertaming  the  effect  of  heat  upon 
this  height  of  brickwork ;  anrl  an  index  having  been 
set  up  on  the  topnto-t  hii'liiKj,  imi.Ip!-  rm-r-r.  which  is 
80  feet  from  fho    -      •,  '    i'       !     :■  !  i'    ■  '':  -  length 

of  shaft  beeomr-.  ,  ,.  •  -ir,:    ' ■  i:  I^n-ri- when 

the  fire  is  linhi'o  <        "  '  -  ,'i  ^     Two  ther- 

monirfri,  :.!r  ;;  .  ;  '  ''  '  ;.  kwork,  the  bulbs 
of  \vh;.'i  >  I  ■ '■  ■  •  •  :  I  li  -.  that  the  tempera- 
turr  ul'  I  .  .  :  ■  ;,  .  I  I  .  I  ho  ascertained  by 
insprcn-  i  :■.:  \\\-<  j"  'mi-,  h'.'  -'"i  Ircf  I'l-om  the  bottor 
and  the  other  30  feet  from  the  top.  The  following 
are  a  few  of  the  data  which  have  been  collected  by 
observing  these  instruments.  They  were  furnished 
by  Mr.  Porter  to  the  Editor  during  a  recent  visit  lo 
Mr.  Cubitt's  establishment. 
Tlie  fire  is  lighted  about  5  a.m. 

Lower  "•'P"^,^  ^t  J^mKlxf-r'', 

5  30                 210°             190°  78°        8: 

7  30               2G1  208  76         8: 
S(Breakr.ut)      212  188  78         S: 

8  30  240  200 
10  30  251-  214 
12  )  218  200 
12  30)  180  110 

2  250  212  78         8 

2  30  200  223  1  ^^;|-i"*fl^a3^5 

3  260        210   of' an  inch.'  DaV 
3  30         2G2        223  I  p?,'",„^,e'taopenair5^: 

CHINA-WARE,  see  Pottery  and  Poiicel.mn. 
CHINTZ,  a  printed  calico,  in  which  figures  of  at 
least   5   diQ'erent  colours  are  printed  on  a  white  or 
1  gl  t  coloui-cd  ground. 

f  HLORINE,  a  gaseous  substance,  (CI.  35-5)  dis- 

rrl  l,vSrl.rrlr   in  7  77  h  h'lt  its  elementary  uatui-c 

'  7  '     1  '      !  I'^IO,  who  proposed 

i!.    I ',     .  liiiipcurate  terms  de- 

!        „iiiriaticacid,-vi\ach 
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had  been  applied  to  it,  and  to  substitute  a  name  de- 
rived from  its  most  striking  pliysioal  quaKty,  namely, 
its  greenish  yellow  colom-.  The  name  chlorine  (from 
xXwpof  green],  is  now  universally  adopted. 

Sea-salt  (chloride  of  sodium)  is  the  great  natm-al 
source  of  cliloiine.  Wlien  required  iu  large  quantities 
for  the  purpose  of  the  manufaetiu-er,  it  is  made  by 
pom-iug  diluted  sulphuric  acid  on  a  mixture  of  common 
salt  and  oxide  of  manganese,  containedin  a  large  leaden 
•vessel.  [See  Bleaching.]  The  decomposition  wluch 
cusues,  will  be  understood  from  the  foUowiug  state- 


{k^i 

"r__ 

-  Sulphate 
fSulpliate 

B 

Sesf 

Chloiine  may  also  be  readily  procm'ed  by  pouring 
strong  muriatic  acid  upon  finely  powdered  bkek  oxide 
of  manganese,  contained  in  a  retort  or  flask,  and  ap- 
plying a  gentle  heat.  The  chemical  changes  wliich 
take  place  are  as  follows  :— Muiiatic,  or  as  it  is  other- 
wise called,  hydrochloric  acid  is  a  compound  of 
cUorine  and  hydi'ogen :  when  this  is  mixed  with  a 
metallic  protoxide,  water  and  a  cldoride  of  the  metal 
ars  produced;  but  when  a  peroxide,  which  contains 
tvrice  as  much  oxygen  as  the  protoxide,  is  used,  a 
second  portion  of  hyckocliloric  acid  is  decomposed  by 
the  oxygen  in  excess,  wliieh  also  unites  with  the  hy- 
drogen to  form  water,  and  the  chlorine  is  set  free. 

Chloiine  is  vei-y  soluble  in  cold,  but  much  less  so  in 
warm  water.  Hence  it  may  be  collected  iu  bottles 
filled  with  water,  at  the  temperatui-c  of  not  less  than 
90°,  aud  inverted  at  the  pneumatic  ti'ough :  the  stop- 
ples should  be  greased  and  inserted  before  the  bottles 
are  removed  from  the  trough.  Chlorine  cannot  be 
collected  over  mercui-y,  as  it  combiues  at  once  with 
that  metal.  In  the  preparation  of  this  gas,  care  must 
be  taken  not  to  allow  it  to  escape  in  any  quantity,  as  it 
is  very  suffocating,  producing  cough  and  ii-ritation  when 
inlialcd  only  to  a  small  extent.  Its  action,  however, 
varies  greatly  with  different  individuals,  and  it  is  less 
irritating  after  the  lungs  have  become  accustomed  to 
it  by  repeated  use.  When  largely  diluted  with  air, 
it  is  most  pleasant  and  refreshing  to  many  persons. 
Nevertheless  extreme  caution  must  be  used  in  iulialing 
this  gas  in  its  most  dilute  form,  audit  should  never  be 
done  as  a  remedial  agent,  except  under  medical  adnce. 

"Water  at  G0°  absorbs  about  twice  its  volume  of 
this  gas,  and  aoquii-es  its  colour  and  odour.  By  ex- 
posure to  light,  this  solution  is  slowly  changed  by 
decomposition  of  water  into  hydrochloric  acid,  oxygen 
being  at  the  same  time  liberated.  Moist  chloi-ine  ex- 
posed to  a  temperature  of  32°,  forms  yellow  crystals 
of  hydrate  of  cldorine. 

The  sp.  gr.  of  chlorine  is  2-47,  and  TOO  cub.  in.  weigh 
between  77  and  78  grs.  It  condenses  to  a  yellow  limpid 
liquid,  under  a  pressure  of  about  four  atmospheres. 

Chlorine  is  a  supporter  of  combustion,  and  has  a 
very  strong  chemical  attraction  for  hydrogen  and  the 
metals.     A  Hghted  taper  plunged  into  this  gas,  bunis 


■\nth  a  dull  red  light :  the  hydrogen  of  the  wax  is 
alone  consumed,  the  carbon  being  separated  in  the 
form  of  a  dense  black  smoke.  If  a  piece  of  paper 
wetted  with  oil  of  tui-pentine  be  immersed  in  a  bottle 
of  cldorine,  it  wiU  bum,  the  hydi-ogen  of  the  tui-pentine 
rmitiiig  with  the  chlorine,  while  the  carbon  is  separated 
as  an  abundant  soot.  Phosphorus  takes  fu-o  sponta- 
neously in  chlorine.  Copper-leaf  and  powdered  antimony 
also  bum  in  the  gas.  A  mixture  of  equal  volumes  of 
cldoiine  and  hydrogen  explodes  on  the  application  of 
flume  or  the  electric  spark,  hydrochloric  acid  being  1  he 
result.  Such  a  mixtiu-e  exposed  to  the  direct  rays  of 
the  sun,  immediately  explodes :  the  two  gases  combine 
slowly  under  the  action  of  diffused  daylight :  but  they 
undergo  no  change  in  the  dark. 

A  most  valuable  and  characteristic  property  of 
chlorine  is  its  bleacliing  power ;  the  most  fixed  organic 
colouiing  principles  are  instantly  decomposed  and  de- 
stroyed by  it :  indigo,  which  resists  the  action  of  strong 
sulphuric  acid,  has  its  blue  colour  effectually  destroyed 
by  cldorine.  Dry  chlorine  however  does  not  bleach : 
hence  the  presence  of  water  is  always  necessary  to 
bring  about  these  remarkable  changes.  [See  Bleach- 
ing.— ^Papeb.] 

Chlorme  is  also  the  best  and  most  powei-ful  dism- 
feetant.  Unlike  other  substances  used  for  fimiigation, 
such  as  brown-paper,  vinegar,  scents,  &c.,  which  merely 
disguise  the  ill  odoni's,  or  the  mephitic  atmosphere, 
cldoi-ine  absolutely  destroys  them.  It  is  probable, 
that  most  ill  odours,  &c.  are  compounds  of  hydi-ogen ; 
hence,  the  chloiine  enters  into  combiuation  with  the 
hydrogen,  forming  mniiatie  acid,  and  the  other  sub- 
stance, whatever  it  may  be,  to  which  the  hychogen 
commiuiicated  virulence,  falls  harmless.  The  use  of 
chlorine  as  a  disinfectant  requires  care.  It  should 
be  used  in  the  form  of  bleaching  powder  mixed  with 
water,  and  exposed  to  the  air  in  shallow  vessels,  it 
possible  on  a  high  shelf.  The  powder  (chloride  of 
lime)  is  gi-aduaUy  decomposed  by  the  carbonic  acid  of 
the  atmosphere,  and  the  chlorine  being  evolved,  falls 
slowly  down,  and  is  diffused  thi-ough  the  room.  If 
the  actiou  is  required  to  be  quicker,  a  little  dilute 
muriatic  acid  may  be  allowed  to  di-op  into  the  vessel, 
by  suspending  a  funnel  with  a  piece  of  tow  in  the 
stem,  over  the  vessel  containing  the  bleaching  powder. 
Another  method  is  to  suspend  in  the  apailment,  cloths 
steeped  in  a  solution  of  the  bleaching  powder ;  or,  m 
the  absence  of  bleaching  powder,  the  gas  may  be  gene- 
rated by  one  of  the  methods  before  described,  care 
being  taken  to  avoid  excess.  It  must  however  be 
particularly  borne  in  mind,  that  chlorine  in  any  form 
must  only  be  used  as  an  aid  to  proper  ventilation. 
It  is  a  necessary  condition  of  health,  that  our  houses 
and  rooms  be  properly  ventibted :  there  is  no  substi- 
tute  for  ventilation,  any  more  than  for  washing  or  for 
general  cleaiJiness.  Chlorine,  like  medicine,  ought  in 
general  to  be  used  on  special  occasions  and  under 
advice.  In  a  sick-room,  where  proper  veutUation  is 
often  difficult,  chlorine  liberated  m  very  minute  quan- 
tities win  often  be  found  singularly  refresliing ;  but 
in  this,  as  in  all  other  cases  of  fumigation  with  chloiine, 
all  metals,  such  as  fender,  fije-irons,  &c.,  ought  to  bf 
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removed,  for  these  become  speedily  tamishcd  by  the 
action  of  cliloriue. 

When  employed  for  disinfecting  tlie  wards  of  hos- 
pitals, &c.,  a  pound  of  chloride  of  lune  should  be  nuxed 
with  water  in  a  hand-basin,  and  a  pound  measure  of 
hydrochloric  acid  be  poiured  upon  it.  The  gis  is 
evolved  without  heat.  The  persons  concerned  m  the 
preparation  of  the  materials,  should  tie  a  wet  sponge 
over  the  nostrils,  before  gomg  mto  the  rooms 

There  are  several  compounds  of  clilorinc  and  oxygen, 
but  tho  interest  which  attaches  to  them  is  chiefly 
scientific.  Other  compounds  wUI  be  noticed  under  the 
names  of  the  bases,  [Sec  Potassium — Sodium,  Chlo 
ride  off]  and  the  compound  of  chlorine  and  hydrogr  n 
is  noticed  under  Hydrochloric  Acid. 

CliLOllUFUllil.  The  name  of  this  substance  1 
reference  to  the  constitution  of  formic  acid,  -si  Inch  i 
represented  by  C.  H  O3 :  it  is  an  oxide  of  a  hydio 
carbon  (CoH),  to  wliich  the  izxm.  fornvjle  his  been 
applied.  Chloroform  would  be  represented  by  C2HCI3, 
that  is  to  say,  it  has  the  same  composition  as  tormic 
acid,  m  which  3  equivalents  of  clilorme  have  taken  the 
place  of  3  equivalents  of  osygcn.  Cliloroform  may  be 
obtahicd  by  distilling  alcohol,  wood-spu-it  oi  acetone 
with  a  solution  of  chloride  of  lime.  1  pint  of  hydiate 
of  lime  is  suspended  in  2i  parts  of  cold  witei,  and 
chlorine  passed  tlnough  the  mtxtui-o  mitil  neaily  all 
the  lime  is  dissolved.  A  little  more  hydrate  is  then 
added  to  restore  the  alkahne  reaction,  the  clear  kquid 
mixed  with  1  part  alcohol  or  wood-spirit,  and  alter 
24  hours,  cautiously  distUled  in  a  very  large  vessel. 
A  watery  Uquid  containing  a  little  spuit,  and  a  heavy 
oU,  coUect  ui  the  receiver;  the  latter,  which  is  the 
chloroform,  is  agitated  with  water,  cUgested  ■«  ith  chlo 
ride  of  calcium,  and  rectified  in  a  water-bath  It  is 
a  tliui  colourless  liquid,  of  agreeable  etherial  odoui, 
and  sweetish  taste.  Its  sp.  gr.  at  65°  is  1  4S  ,  it  is 
kindled  with  difficulty,  and  bums  with  a  greenish 
flame.  Its  boihng  point  is  about  142° ;  the  density 
of  its  vapour  is  4.2.  When  this  vapour  is  mhaled, 
it  induces  insensibility  more  rapidly  and  elTectually 
than  ether  vapour:  hence  its  use  in  the  peifonnance 
of  pauiful  surgical  operations.  Wlien  a  few  drops  of 
chloroform  are  placed  on  the  hand,  evaporation  speedily 
goes  on,  and  produces  a  great  degree  of  cold  Pio 
lessor  Brando  says,  "  When  poured  upon  watei,  the 
greater  pai't  sinks  in  globules,  which  are  of  a  nulk 
white  appearance  wlien  the  chloroform  is  not  perfectly 
free  from  alcohol.  It  is  so  Httle  soluble  m  watei, 
that  3  ckops  added  to  9  ounces  of  distUled  watei  and 
well  shaken,  did  not  wholly  disappear,  although  they 
imparted  a  strong  odour  to  the  liquid." 

Chloroform  is  prepared  on  a  large  scale  by  cautiously 
distilling  good  conunercial  chloride  of  lime,  water  and 
alcohol.  The  whole  product  distils  over  with  the  fii-st 
portions  of  water. 

CHOCOLATE.  This  agreeable  and  nutritious 
substance  was  introduced  into  Europe  from  Mexico  by 
the  Spaniards,  in  1520,  and  its  source  and  mode  of 
manufacture  was  by  them  long  kept  secret.  Liiina;us 
was  so  fond  of  chocolate  that  he  gave  the  specific 
name  of  Theohroma  i6,os  and  8pc3^a,  the  food  of  gods) 


to  the  cacio  tiee  which  pioduccd  it  The  Mexicans 
call  the  tree  chocolult ,  hence  oui  woid  chocolate 
apphed  to  the  piepaicd  seeds 

The  Theohroma  Cacao,  01  chocolate  nut  tiee,  Fig 
5C8,  IS  a  small  tiee,  ot  which  whole  forests  occur  m 
Demeiaia  The  Mexjc  in  cacao,  howevei,  is  yielded 
by  another  member  oi  this  family     The  capsules  of 


flic  fiuit  of  this  tree  aic  hige,  somewhat  resemhhiig 
a  cuoumbei,  and  contaimug  fiom  twenty  to  tlurty 
seeds,  aiianged  m  five  legulai  rows,  enveloped  m  a 
pulp,  which  has  a  sweet  and  not  unpleasant  taste,  and 
IS  fiequeutly  used  as  food  m  places  wheie  the  tiee  is 
giown  The  tiees  aio  cveigieen,  and  bear  fuut  and 
flowers  all  the  yeai  thiough,  but  the  usual  Iuiils  1  n 
githeimg  the  fiiut  aie  June  and  Deem  ba  Tlio 
hmt  which  is  pioduccd  111  the  West  lu  ui  I  hnds, 
Beibioe,  and  Demeiaia,  is  much  smaUci  than  tliat  of 
South  Ameiiei  By  fn  the  laigest  quantity,  cl  seeds 
icceived  m  this  couutiy  is  fiom  the  West  Indies,  and 
of  these  the  Tiuudad  nuts  aie  cousidcied  the  best 

The  specRS  of  this  tice  aie  somewhat  mmieious, 
and  the  fimts  thereof  \ aiy  m  size,  foim,  aud  the  num 
bci  of  the  seeds  which  they  contam.  "The  gcuri.d 
number  is  from  twenty-five  to  thii-ty  in  each  fruit ; 
being  more  abundant  as  wcU  as  of  better  qualify  in 
the  cultivated  than  m  the  wild  plants.  They  vary 
much  in  bitterness,  and  in  the  quantity  of  oil  they 
yield,  not  only  according  to  the  species  from  whieli 
they  are  obtained,  but  the  manner  in  which  they  are 
treated  after  being  gathered  and  taken  out  of  the 
pulpy  fi-uit.  In  some  nistanccs  they  are  buried  in  the 
earth  in  heaps,  and  allowed  to  fei-mcnt  for  thu-ty  or 
forty  days ;  a  process  which  greatly  improves  them, 
and  destroys  the  germuiatiug  power  of  the  seed.  The 
different  kmds  met  with  in  commerce  derive  their 


names  either  from  the  place  where  they  grow,  or  from 
some  corruption  of  the  native  designation.  The  average 
size  of  good  beans  is  that  of  a  sweet  ahnond,  but 
somewhat  thicker.  The  most  esteemed  of  the  known 
sorts  is  that  tenned  Soconuzco  or  Mexican,  with  very- 
small  beans,  with  a  remarkably  fine  flavom-,  and 
scarcely  any  acrid  taste.  These  beans  are  always 
bm-ied.  This  sort  never  comes  to  Europe.  The  next 
most  valuable  comes  from  the  Esmeraldas,  and  has  a 
very  agreeable  flavour :  the  chocolate  prepared  from 
it  has  a  golden  colour :  it  is  seldom  met  with  out  of 
Mexico.  The  Guatemala  cocoa  consists  of  vei-y  large 
beans,  very  convex,  often  angidar,  and  very  much 
pointed  at  the  one  end.  They  contain  much  oU,  and 
are  mild,  with  a  pleasant  flavour.  The  beans  from 
Guayaquil,  which  are  three  times  as  large  as  those  of 
Soconuzco,  are  less  prized  than  those  of  Guatemala. 
The  Caracas  or  New  Graaada  cocoa,  which  is  among 
the  more  highly  prized  kinds  that  reach  Em-ope,  is 
obtained  ft-om  the  Theobroma  bicolor,  called  by  the 
natives  Baeao,  and  cultivated  at  Carthago.  The  beans 
are  of  medium  size,  and  very  oily.  But  chocolate 
made  of  these  alone  is  not  very  agreeable,  and  another 
kind  is  commonly  mixed  with  them,  which  are  much 
smaller  and  harder.  Berbice  cocoa  beans  are  not 
unfrequcntly  mingled  with  those  of  Granada.  These 
are  also  smaller  and  thinner,  but  in  other  respects 
difficult  to  distinguish :  the  shell  separates  very  easily 
from  the  kernel,  which  is  reddish  brown,  and  has  a 
strong  smell  but  a  pleasant  flavour.  The  Surmam 
and  Essequibo  cocoas  are  not  unlike  that  fi'om  New 
Granada,  but  are  harder,  thicker,  and  not  so  sweet. 
All  the  foregoiug  are  earth-dried,  the  following  are 
called  sun-dried,  being  merely  collected  in  heaps  and 
then  turned  over  in  the  sun :  they  are  consequently 
much  cheaper.  Brazilian,  called  also  of  Para,  and  of 
Maranhara,  is  very  extensively  employed :  the  beans 
are  small,  smooth,  long,  somewhat  flattened,  externally 
reddish  brown,  with  a  bitter  astringent  taste :  it  is 
only  worth  half  the  amount  of  the  fonner.  The  "West 
Indian,  called  Cocoa  des  Isles,  or  des  Aiitilks,  is  still 
less  valuable,  and  is  employed  to  foi-m  the  low-priced 
cocoas  and  chocolates."  '■ 

According  to  Lampadius,  the  kernel  of  the  West 
Lulia  cacao  consists  of : — 

Fat  oil       53.10 

Azotized  substances  (theobromine) .     1G.70 

Starch 10.91 

Gum  and  colouriug  matter-    .     .     .      9.76 

Ligniue 0.90 

Water  and  loss S.G3 

100.00 
The  substance  named  theobromine  is  white,  pidveru- 

lent,  and  of  a  bitter  taste,  resembling  caffeine.     [See 

Coffee.]    It  is  sparmgly  soluble  in  hot  water,  and 

but  little  soluble  iu  alcohol  or  ether. 
The  fruit  of  the  cacao,  like  almonds,  is  covered 

with  a  tliiu  skin  or  husk,  which  forms  about  12  per 


cent,  of  the  weight  of  the  beans  :  it  contains  no  fat, 
but,  in  addition  to  lignine  or  woody  fibre,  which 
forms  haK  its  weight,  it  yields  a  light  brown  mucilagi- 
nous extract  by  boiling  in  water.  This  husk  or  shell 
is  known  to  the  manufacturers  of  chocolate  under  the 
name  of  cocoa,  miserable,  or  destitute.  The  demand 
for  this  article  in  Ireland  is  so  great  that  in  one  year 
as  much  as  612,1221bs.  of  sIkIIs  have  been  consumed, 
and  only  iOOOlbs.  of  the  nut. 
The  following  is  Dr.  Ure's  analysis  of  Guayaquil 

Concrete  fat  or  butter  of  cocao  dissolved 

out  by  ether 37 

Brown  extractive,  got  out  by  hot  water 

after  the  operation  of  ether    ...  10 

Ligneous  matter,  with  some  albumiuc  30 

Shells 14 

Water G 

100 
The  butter  of  cacao,  or  fatty  matter  of  the  nut, 
is  of  the  consistence  of  tallow,  of  a  white  colour,  and 
of  a  mild  agi-eeable  taste.  It  is  not  apt  to  become 
rancid  by  keeping.  It  is  said  to  be  very  nutritious, 
and  to  act  as  an  anodyne.  It  is  particularly  recom- 
mended for  making  ointments.  Its  proportion,  as 
well  as  that  of  the  other  ingredients,  varies  greatly  in 
the  diflferent  sorts,  as  -will  be  seen  by  comparing  the 
above  analyses.  The  West  India  kinds  contain  more 
of  the  butter  than  those  from  New  Granada.  It 
is  therefore  more  advantageous  to  employ  the  latter 
in  the  manirfacture  of  chocolate,  and  the  foi-mer  for 
extracting  the  solid  oil  for  the  manufactm-e  of  candles, 
soap,  or  pomades.  The  oil  can  be  obtamed  by  ex- 
posing the  beans  to  strong  pressure  in  canvass  bags, 
after  steaming,  or  soaking  them  some  time  in  boUing 
water,  lib.  of  cacao  gives  from  5  to  6  ounces  of  the 
butter :  it  has  a  reddish  tir^e  at  first,  but  becomes 
perfectly  white  by  long  boiling  in  water.  This  oil 
contains  a  large  proportion  of  steaiine,  and  is  there- 
fore solid  at  ordinaij  temperatures :  it  melts  at  123°. 
It  is  soluble  iu  boUiog  alcohol,  but  precipitates  in 
cold.  It  is  perfectly  soluble  in  ether,  which  thus 
furnishes  an  easy  method  of  detectmg  adulteration 
■svith  beef-fat,  suet,  marrow,  almond  oil,  wax,  &c. 
It  is  less  employed  in  this  countiy  tnan  in  Erance. 
A  soap  made  -with  it  and  soda  is  an  agreeable  toilet 
article  for  those  who  are  troubled  with  a  rough  harsh 
skin  or  chapped  hands." 

The  manufactm-ed  article,  chocolate,  is  made  to 
assume  a  variety  of  forms,  to  which  various  names 
are  attached,  according  to  the  object  proposed  by  the 
mode  of  manufacture.  We  -nill  confine  oui-  attention 
chiefly  to  tliree  forms,  namely,  chocolate  nibs,  soluble 
chocolate,  and  chocolate,  properly  so  called,  and  lastly, 
Jlahe  cocoa.     ■ 

The  beuns  are  received  in  bags,  weighing  from  \\ 
to  2  cvrt.  each,  and  the  first  process  is  to  pick  them. 
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for  the  purpose  of  separating  any  spoiled  or  mouldy 
portious.  They  are  then  gently  roasted  over  a  fi 
an  iron  cylinder,  provided  with  openings  at  the  ends 
to  allow  the  vapoui-s  to  escape.  The  heat  is  first 
applied  very  slowly,  in  order  to  dissipate  the  moisture : 
a  quick  fire  is'  injurious,  as  it  hardens  the  siuface. 
Wlien  the  aroma  begins  to  he  well  developed,  the 
beans  are  tiumed  out  into  sh;Jlow  wooden  cook 
and  moved  about  evei-y  now  and  then  with  wooden 
rakes  with  long  handles.  There  is  a,  loss  of  8  lbs.  or 
9  lbs.  per  cwt.  in  roasting.  When  quite  cold,  the  beans 
are  broken  down  in  a  hand-mill  to  the  size  of  eoinmou 
spHt  beans,  and  the  shells  (or  destitute)  are  separated 
by  a  winnowing  or  corn-dressing  machine. 

The  coeoa-nihs  thus  prepared  are  sold  as  an  article 
of  food ;  but  they  require  two  hours'  boihng,  as  the 
inner  sccd-coat  passes  down  into  the  substance  of  the 
cotyledons,  rendering  the  prolonged  application  of 
heat  and  moistm-e  necessary  to  dissolve  the  contents. 

For  making  chocolate  the  roasted  and  crushed 
nut,  entirely  divested  of  its  shell,  is  submitted  to  the 
grinding  action  of  two  horizontal  miH-stoues  sur- 
rounded by  a  steam  jacket,  which  raises  them  to 
a  temperature  of  upwards  of  200°.  The  top  stone 
is  the  runner.  The  nibs  are  put  into  a  hopper,  from 
which  they  gradually  descend  down  a  shoot,  the  end 
of  which  touches  in  succession  four  leaves  raised  on 
the  vertical  axis  which  gives  motion  to  the  rmmer : 
by  this  means  a  shaking  motion  is  given  to  the  shoot, 
and  the  nibs  are  thus  made  to  fall  down  in  a  gradual 
manner.  The  heat,  the  pressm-e,  and  the  fiictiou  of 
the  stones,  reduces  the  nibs  to  a  paste,  and  liberatiiig 
the  oil  or  butter  of  cacao  renders  it  fluid.  Escaping 
at  the  junction  of  the  two  stones,  this  fluid  paste 
issues  at  an  opening  made  for  it  at  the  side,  (see  Eig. 
'iGQ,)  wheie  it  is  leceived  by  a  shoot,  md  is  conveyed 
to  a  second  pin-  of  mdl  stones  situated  at  a  lowei 
level  ana  similnly  heated  by  means  of  a  jacket  of 
"tL-ra     The  stones  aie  hcio  set  closei  togethei  than 


m  the  fii  T  *iai    ,11  Inid  and 

gntty  paiticl  I  tht  uut  wWk  i  cipcd  m  tlic  lust 
^uudmg  ire  biokcn  down  and  the  pa  tc  flows  down 
the  shoot  of  the  second  pan  of  stoms  as  a  smooth 
shmmg  equable  flmd  it  is  iecei\ cd  into  a  pan,  wheie 
ui  coohnp  it  sohdiQes  mto  a  haid  cake 


In  this  state  the  bean  wdl  not  form  an  emidsion 
^ith  water,  on  account  of  ilie  large  proportion  of 
concrete  fat  contained  in  it :  to  fit  it  for  this  pm-posc 
some  additional  substance  must  be  inti'oduced,  to 
assist  this  emulsive  union  of  the  fat  with  water. 
Sugar,  honey,  treacle,  gum,  starch,  flour,  rice,  and 
arrow-root,  are  well  adapted  for  tins  piu-poso.  On 
the  Continent,  vanilla,  cniuamon,  cloves,  long-pepper, 
musk,  or  other  perfume,  are  frequently  added,  but  this 
is  for  making  a  fancy  rather  than  a  useful  article. 

For  the  purpose  of  mixing  the  different  ingredients 
with  the  ground  bean,  the  honey,  treacle,  arrow-root, 
&c.,  being  reduced  to  the  fluid  state  in  large  mixing 
pans  of  turned  copper  heated  by  beuig  smi-ouuded  by 
steam  jackets,  the  gTOund  bean  is  added  in  the  proper 
proportion,  and  the  whole  well  incorporated  at  the 
temperature  which  experience  has  determined  to  bo 
the  best.  WHle  still  thin  with  the  heat  and  agitation, 
the  chocolate  is  pom-ed  into  tin  moulds  arranged  in 
a  wooden  tray,  and  quickly  removed  to  a  cool  place 
where  they  are  exposed  to  a  draught  of  air.  The 
moulds  must  be  well  shaken  to  insm-e  the  filling  up 
of  all  the  cavities,  to  give  a  sharp  and  polished 
impression,  and  to  indent  clearly  those  lines  which 
divide  the  cake  of  chocolate  into  8  equal  parts,  each 
part  weighing  a  quarter  of  an  ounce,  the  proper 
quantity  for  making  a  cup  of  chocolate,  although  the 
directions  say  two  of  the  divisions  or  half  an  oimcc. 
Care  and  experience  are  required  in  regidating  tem- 
perature, for  if  the  chocolate  be  introduced  into  (he 
moulds  too  hot  it  wiU  have  a  damp  dull  sm-faco ;  and 
if  not  hot  enough,  it  will  not  take  the  proper  foi-m. 
The  tin  moulds  after  the  cakes  are  removed  from 
them,  are  in  a  highly  electric  state,  and  will  attract 
and  repel  light  bodies.  Of  course  the  cakes  arc  in 
an  opposite  electiical  state  The  diflerence  between 
soluble  chocolate  and  chocolate  that  leqiui'cs  boiling, 
(Sir  Earn  Shane's  chocolate,  foi  example,)  is  that,  in 
the  foimci  case  the  mateiials  honey  sugar,  &c.,  added 
to  the  nut  and  mmutely  mcoi-poiated  therewith,  are 
all  vei-y  soluble  m  w?tei  wlule  m  the  Latter  case,  the 
added  matenals  aie  not  soluble  without  the  assistance 
of  bodmg  heat  and  continued  stirring 

When  a  paste  mstcad  of  a  haid  cake  is  desired, 
the  ground  bean  is  mixed  with  some  fluid  soluble 
substance  such  as  tic  icle  Some  of  the  inferior 
knids,  both  coke  and  paste  as  made  by  the  lower  class 
of  manufacturcis  aie  adulteiated  with  hog's  lard  or 
'ago,  and  some  cheap  colou  mg  matter.  When 
cl  ocolate  contains  much  staich  it  foims  a  pasty  mass 
with  boihng  w  itei 

The  confectioners  of  Pans  make  a  variety  of  sweet- 
uic  its  of  chocolate  and  sugai  wluoh  may  be  eaten 
•s  ill  ">u   li  I         1  rius  IS  We.  citocolut  de 

III        \\     I  I    consmned in enomious 

'lU  utiti  ul  Spain      In  Britain, 

siuipk  cii  1  1  1 1  1  1  uid  IS,  perhaps,  the  best 
substitute  lor  to  i  and  cuffct.  It  sometimes  produces 
a  sense  of  heavmess  m  the  stomach  lesemhlmg  slight 
repletion,  and  occo^iomng  head  ache  This  generally 
arises  from  usmg  too  much  chocolite  in  preparing 
the  beveiage     It  is  stated  that  the  bpaniards  do  not 
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consider  chocolate  to  be  very  nutritious :  priests  -n-ho 
are  required  to  fast  many  hours  before  saying  mass, 
are  nevertheless  allowed  to  drink  chocolate. 

Cocoa  is  a  cheap  substitute  for  chocolate,  and  is 
distinguished  therefrom  by  containing  a  certain  pro- 
portion of  the  shell  or  destitute.  The  nut  as  it  leaves 
the  grindstones  is  broken  up,  mixed  with  the  shell 
and  also  with  a  quantity  of  farinaceous,  saccharine, 
and  other  matters,  all  cheaper  than  the  chocolate  nut. 
If  powdered  cocoa  is  to  be  produced,  the  whole  of 
these  materials  are  kneaded  together  into  a  solid  cake, 
which  is  dried  and  afterwards  reduced  to  powder  by 
pressing  the  cake  up  against  a  series  of  revolving 
cutting  knives:  the  powder  is  then  finished  and  is 
packed  up  in  paper  for  sale.    But  if  flake  cocoa  be 


chromite  of  u-on.  The  latter,  a  compound  of  the 
oxides  of  chromium  and  iron,  is  found  in  the  Shetland 
isles,  Unst  and  Fetlar;  near  Portsoy  in  Banffshire, 
in  the  department  of  Var  in  France,  (but  this  source 
is   nearly  cxiausted;)  in  SUcsia  and  Bohemia,  and 


the  Bare  HiUs  n 
The  chief  use  of  this  o 
chromate  of  potash. 
Metallic  clu-omium  n 


r  Baltimore,  in  Maryland. 
is  for  the  production  of 


required,  the  powdered  mixture  is  passed  through  3  or 
4  steel  mills  gradually  increasing  in  fineness,  the  effect 
of  which  is  so  to  combine  and  condense  the  materials, 
assisted  by  the  presence  of  the  ofl  of  the  nut,  that 
they  form  into  flakes,  in  which  state  they  are  ready 
for  use.  The  flakes  are  best  formed  when  the  mills 
become  slightly  heated  by  the  continued  friction  of 
the  materials  passing  through  them. 

In  the  year  ISGO,  there  were  imported  into  this 
country  9,009,539  lbs.  of  cocoa,  of  which  quantity 
3,451,403  lbs.  were  retained  for  home  consumption, 
the  remainder  being  rc-exporied.  In  ] S5S,  the  quan- 
tity imported  was  10,338, 40i  lbs.  Before  the  alteration 
in  the  tariff  in  1S42,  the  duty  on  cocoa  from  British 
possessions  was  M.,  and  from  foreign  countries  M. 
per  lb. ;  these  were  reduced  to  \d.  and  4rf.  On  husks 
and  shells  the  duty  was  \d.  and  \d. :  these  were  left 
unaltered.  On  cocoa  paste  and  chocolate  which  was 
id.  per  II).  from  British  possessions,  and  4*.  id.  from 
fniTiixn,  tlic  duty  was  reduced  to  2d.  and  6d.^ 

C'llUK  K-DAMI',  a  term  given  by  the  miners  to  car- 
boiuc  acid  sas  tlic  product  of  the  combustion  of  the 
smaU  coal,  dust,  .l-c.,  after  an  explosion  in  a  coal  pit. 
See  Coal.  i 

CHROMIUM,  a  metal  discovered  by  Vauqnelin 
in  1797,  and  named  from  xP^H^a,  colour,  on  account  of  | 
Its  tendency  to  produce  coloured  compounds.  Its  two  ! 
native  combinations  are  the  chi-omate  of  lead,  and  the 


be  obtained  by  intensely 
heating  tl;e  oxide  with  about  one-tenth  of  its  vreight 
of  powdered  charcoal;  but  the  reduction  is  imperfect. 
Dumas  describes  chromium  as  being  like  platinum  in 
colour ;  it  scratches  glass,  and  takes  a  good  polish. 
Its  density  is  6-81.  When  pure  it  is  probably  mag- 
netic: its  salts  are  distinctly  so.  (Symbol  Cr=26-27.) 
As  many  as  five  oxides  of  chromium  have  been 
enumerated.  Vhs  protoxide  (Or  O)  does  not  appear  to 
be  a  very  staple  compotmd.  The  sesquioxide  (Cr.Os) 
or  green  oxide  is  formed  by  the  decomposition  of 
chromate  of  mercury  by  ignition :  this  yields  a  very 
pure  oxide.  There  are  various  other  methods  of 
;  vuliicing  this  oxide.  (Professor  Brande  enumerates 
;  ;.;c.)  This  oxide  is  infusible,  and  tmehanged  by 
1:  at,  but  the  shades  of  its  green  colotu-  are  deeper  in 
1  .'[ortion  to  the  temperature  to  which  it  has  been 
I  jioscd.  When  fused  with  borax  and  other  vitrifiable 
^  'stances,  it  confers  on  them  a  characteristic  emerald 
L'lccn  colour,  and  hence  its  use  in  porcelain  and 
enamel  painting.  A  hydrate  of  this  oxide  may  be 
formed  by  precipitating  it  from  its  acid  solutions  by 
the  caustic  fixed  alkalies.  It  falls  as  a  bulky  green 
powder,  slightly  soluble  in  excess  of  the  alkali,  but  is 
thrown  down  on  boiling  the  solution.  Native  sesqui- 
oxide  of  chromium  has  been  found  in  the  foi-m  of  a 
green  incrustation  in  the  department  of  the  Rhone  in 
Prance.  It  is  the  colouring  matter  of  the  emerald,  and 
occurs  in  a  few  other  minerals,  such  as  diallage  and 
serpentine.  It  is  associated  with  silica  and  alumina : 
the  shades  of  green  varying  with  the  amoimt  of  the 
oxide ;  but  the  richest  specimen  does  not  contain 
more  than  13  per  cent.  Binoxide  of  chromium  (CrOj) 
is  formed  when  nitrate  of  chromium  is  decomposed  at 
a  duU  red  heat.  It  is  of  a  brown  colotrr.  Peroxide 
of  chromium  (Cr  O3)  is  an  important  and  beautiful 
acid,  the  chromic.  There  are  various  methods  of 
preparing  it,  but  it  may  be  stated  that  whenever  oxide 
of  chromium  is  strongly  heated  with  an  alkali  in 
contact  with  air,  oxygen  is  absorbed,  and  chromic 
acid  generated.  The  acid  nearly  pm-e  may  be  obtained 
by  the  foUoiNTng  simple  process  described  by  Mr. 
Warington : — 100  measures  of  a  cold  saturated  solu- 
tion of  bichromate  of  potash  are  mixed  with  from  120 
to  150  measures  of  concentrated  sulphuric  acid,  (free 
from  lead,)  and  the  whole  suffered  to  cool.  The 
chromic  acid  ciystaUizes  in  brilUant  crimson-red 
prisms.  The  mother  liquor  is  pom-ed  off,  and  the 
crystals  placed  upon  a  thick  flat  tile  of  biscuit  por- 
celam  to  drain,  being  closely  covered  by  a  glass  or 
bell-jar,  or  another  tile  may  be  placed  on  the  crystals, 
and  the  whole  submitted  to  pressure  for  a  considerable 
time.  On  removing  the  chromic  acid  it  will  be  found 
to  bo  dry,  and  with  scarcely  a  trace  of  sulphuric  acid. 
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Chromic  aoiJ  is  of  a  beautiful  red  colour  at  the 
orcluiiry  tempeiatuie,  but  it  becomes  ilmost  black  by 
bemg  heited  Its  solution  h  of  a  deep  ycUow  brown , 
iti  taste  soui  and  metallic ,  it  tmges  the  skin  yellow 
At  a  led  beat  it  gi\es  out  oxygen,  and  sesqmoxide 
remains ,  it  is  acted  on  with  energy  by  animoma,  and 
conveited  mto  o\ide  It  dissolves  in  alcohol,  and  the 
solution  giadually  deposits  gieen  oxide  It  is  a 
poweitul  osidismg  and  bleackmg  agent,  yieldui?  half 


\eiydLkii  I 

LS  docompobtd  by  tho  s 
down     In  combmation  \ 


lu  water     The  soluti 
iiys,  and  oxide  tin  own 
1  o\ide  of  tm,  tlub  acid 


(oi  oside  of  chiomium)  foims  a  pnil^  colour  used 
poicelam  pamtmg     Chioimo  acid  is  said  to  be  the 
colouring  matter  of  the  ruby 

The  thiee  most  impoilaat  compounds  of  chiomio 
acid  m  the  aitt.,  aie  the  Uiiu  1 1  ud  hi  !  it  f 
po/itik,  ind  ihc  chroma/e  of  /     /     M  I 

(KO.CiOa)  IS  the  souice  ol 
chronuum  m  the  ait'?     It  i 
nitive  chiome  uon  ore,  bj   i    i 
powdei,   niDong  it  with  one  louitk   ol    iiitu,        I 
exposing  the  mi\tuie  to  a  stioug  heat  dmmg  scm  i   1 
horns     The  soluble  mattei  is  thm  washed  out     i  1 
the  process  is.  repeated  until  the  oie  is  decompobcil 
The  waslungs  yield  chrouiate  of  potash  by  evaporation 
The  ci^stals  aie  of  the  same  ycUow  coloiu  as  the 
bolution     100  paits  of  chi ornate  of  potish  contain 
is  of  1  ot  ish  md  52  of  chiomic  acid     This  salt  h 
a   c  l1    biltd     md  cbsagieeable  taste     It  is  ^ 
'oUibk  m  b  iliua;  Aiatcr     At  60°,  100  parts  of  w 
ibbbolvc  ibout  ib  ot  the  salt,  or  m  other  wouls,  it  i 
soluble  m  2  paits  watei  at  60°     Its  colouring  jiowci 
is  so  gieat  that  1  pait  gi\cs  coloui  to  40,000  paits  of 
watoi      Wlicn  heated  to  -iOO"  it  b  crmcs  ci  imsnn  but 
K^'ims  its  jclluwcol 


Mil    IS    s 


ill. 


Ultc 


10  acid  to  the  s  bitiru  rt  the 
chi  111  II 1  tlicu  on  testing  with  mtiate  of  baiyta, 
an  iiiN  lubk     il|  b  ito  of  baryta  is  thiowu  down 

When  sulphuric  acid  m  proper  quantity  is  added 
to  a  solution  of  chromate  of  potash,  one-half  of  the 
base  is  removed,  and  the  neutral  chromate  is 
converted  into  bicb-oraate  (KO,2Cr03).  There  is 
sumo  difficidty  in  separating  the  sulphate  from  the 
bichioiiia(i\  hence  it  is  dcsiiable  to  use  nitric  or 
acetic  acid  instead  of  sulpkurir.  linineuse  quantities 
of  tkis  suit  are  manufactured  at  Glasgow  for  the  use  of 
the  calico-printers.  It  crystaUizcs  by  slow  evaporation 
ill  Ijcautil'ul  red  tabular  crystals,  derived  from  an 
oblique  rkonibic  prism.  It  melts  wkcn  keatcd  ;  it  is 
soluble  in  10  parts  of  water  at  C0°,  but  is  much  more 
soluble  in  boiling  water.     The  solution  has  an  acid 


icaction  Solutions  both  of  the  chionnte  and 
bichionnte  of  potash  hive  poweiful  antiseptic  pio 
peitics,  but  they  hive  an  injurious  action  on  the 
system  when  bi ought  much  m  contact  with  the  sbn, 
causmg  painful  soies  which  ue  tbfficidt  to  heal 
Papei  impiegnated  with  these  salts  and  dutd,  forms 
excellent  tmdei  100  puts  of  bichiomate  of  potash 
contain  31  6  of  potash,  and  6S  4  of  chiomic  acid 

On  mixmg  a  solution  of  ckiomate  oi  bichiomate  of 

jfi  sk  \uth  nitnic    u    ic  f  11  of  kid    a  bidbiut 

I  I   kul 

It 

I  71 

\i  itLi,  one  hiU  of  tliL  acid  is  \Mlkdi  uvn,  and  a  sub 

chiumito   of    an  oiaiigc    red  colon    is  left     The 

subclnomite  is  also  foimed  by  adding  chiomate  of 

lead  to  tusednitie,  and  then  dissolvuig  out  the  soluble 

salts  with  watei      The  pioduct  is  ciybtiUme,  and  in 

beauty   of  tint   uvalb  vtinnlion     The  yellow  and 

fill        clniiL   r  1    us    lu   Ii\l1  u]    n  cljtk  by  the 

1  I  I  m  the 

I    ihiig 

(  Mm 

i  M    n  of 

I  ,    Mith   solution   ot    caibonite   of 

ot   leid  and  chiomate  of  potish 

\  1    acid  it  forms  chlniide  of  had  and 

ali\  li     11  ue  solution  (f    1  1      TT     ted  in 

conecnti  ited  hydiochlouL  i  oil, 

and  ckloiide  of  lead  and  i  mug 

ell  ink    ot  ekumium     i  \    I  1       b  dt 


I  I       i     '     (1O3), 

uboluble  bciiletcuhiULil  puwdci,  lb  iko  used 
with  the  foimer,  both  m  od  and  water  coloui  s,  in 
d}cmg  and  cabco  pimtuig  These  salts  are  often 
adultciated  with  sulphate  of  lead  and  sulphate  of 

A  salt  of  chromic  acid  is  lecognised  by  its  behavioui 
wi%  solutions  of  baiyta  and  lead,  and  also  by  its 
coloui  and  capabdity  of  tuimshing  by  dtuxidatiuu 
the  Cjicpii  oxide  of  cluoinium 

CHEONOiVIETEK,  see  Houulooi 

CHURN,  see  Butter. 

CIDER.  The  expressed  and  fermented  juice  ot 
apples,  a  liquor  made  in  large  quantities  in  England 
and  Ireland,  and  in  the  north  of  Eranoe.  The  ma- 
chinery employed  is  generally  of  a  very  rude  kind. 
A  large  cu'oular  stone  trough  called  a  cfiase,  receives 
the  apples,  which  are  crushed  therein  by  the  action 
of  a  heavy  circular  stone  called  a  runner,  turned  by 
horse-power.  The  crushing  is  carried  on  till  not  only 
the  apples  but  the  very  pips  are  broken.  The  pulp, 
called  miisl,  is  then  transferred  to  the  cider-press, 
where  it  is  subjected  to  heavy  pressure  between  hair- 
cloths, or  layers  of  reed-straw,  and  the  cider  exudes 
in  the  foi-m  of  a  thick  brown  juice,  leaving  only  a  dry 
residue  between  the  hair-cloths.  But  this  dry  must 
is  sometimes  steeped  in  water  and  ground  over  again, 


CINNABAR-CINNAMON. 


from  -n-hich  a  tliiii  water-cider  is  produced.  As  tlie 
cider  is  pressed  from  the  haii'-cloths,  it  passes  along 
a  channel  in  the  frame  of  the  press  into  a  flat  tub 
called  a  (riti,  -whence  it  is  transferred  at  once  into 
casks  placed  out  of  doors,  or  in  a  cool  shed.  lu  a 
few  days  it  will  ferment,  the  thicker  portions  sub- 
siding, and  the  rest  becoming  clear  and  bright.  It 
is  then  usually  racked  off,  and  the  sediment  straiued 
through  linen  bags.  If  fermentation  continues,  and 
is  in  excess,  the  cider  has  to  be  racked  off  several 
times.  If  fermentation  is  too  slow,  and  the  liquor 
remain  thick,  isinglass  or  eggs  stirred  into  it  may 
clear  it,  but  do  not  always  have  that  effect.  The 
total  produce  of  cider  and  perrt/  (the  latter  made  iu  the 
same  way  fi-om  the  pear)  is  estimated  at  from  150,000 
to  160,000  barrels  annually.  The  duty,  which  amounted 
to  Ws.  a  barrel,  was  repealed  in  1830. 

CIGAUS,  see  Tobacco. 

CINNABAR,  the  sulphui-et  of  mercury,  and  the 
principal  ore  of  this  metal.     See  Mercuky. 

CINNAMON,  the  bark  of  the  cinnamon-tree, 
Launis  cinnumomum,  a  native  of  Ceylon.  It  also 
grows  in  Cochin  Chiua.  In  its  natm-al  state  it  attains 
the  heiglit  of  20  or  30  feet,  sending  forth  spreadiag 
branches  clothed  with  thick  foliage.  The  leaf  some- 
what resembles  that  of  the  bay,  but  is  longer  and 
narrower.  The  flowers  bloom  in  January,  and  re- 
semble in  size  and  shape  those  of  the  lilao.  These 
are  followed  by  one-seeded  berries  of  the  shape  of  an 
aeorn,  but  not  so  large  as  a  common  pea.  This  fruit 
yields,  by  beiug  boUcd,  an  oU,  which  cools  into  a  wax- 
like substance,  and  is  used  for  making  caudles ;  these 
emit  an  agreeable  odour,  and  iu  the  kingdom  of 
Candy  are  reserved  for  the  sole  \ise  of  the  court. 

Cordiuer  in  his  liistory  of  Ceylon'  states  a  number 
of  interesting  pai-ticulars  respecting  this  tree.  The 
cultivated  trees  are  not  allowed  to  rise  higher  than 
about  10  feet.  When  the  trees  fii-st  put  forth  then- 
flame-coloured  leaves  and  deheate  blossoms,  the  effect 
is  very  beautiful.  In  3  years  after  planting,  each 
tree  affords  1  shoot  fit  for  cutting ;  at  the  5th  year, 
from  3  to  5  shoots;  and  after  S  years  it  yields 
as  many  as  10  branches  of  an  inch  in  thickness, 
fit  for  cutting.  Fi-om  the  ages  of  10  to  12  years  is 
the  period  of  its  greatest  perfection ;  but  its  duration 
is  not  Umitcd,  as  the  root  spreads  and  every  year 
sends  up  now  shoots  or  suckers.  Tlie  tree  is  known 
to  be  in  the  best  state  when  the  bark  separates  easily 
from  the  wood,  and  the  inside  is  covered  with  a  mucila- 
ginous juice,  which  it  is  necessary  to  remove.  The 
shoots  are  cut  when  from  half  to  three-quarters  of  an 
inch  ill  thickness,  nml  in  Vr-"-  nf  from  2  to  3  feet. 
Each  man  is  coiii]hI'  '  ■  '  ,  i  !  mlain  quantity 
of  sticks,  and  havin  .  '.\  '  l  ii^k,  he  conveys 
his  fragrant  load  to  ;i  :  'm  ,i,  y  d,  i !-,  I^ivk  is  stripped 
from  the  wood  and  the  epiilcnnis  scraped  off.  During 
this  process  the  diffused  fragrance  is  said  to  be 
delightful,  but  in  other  parts  of  the  plantation  the 
peculiar  smell  of  cinnamon  cannot  be  distinguished 


unless  the  trees  be  violently  shaken.  The  wood 
deprived  of  the  bark  has  no  smell,  and  is  used  as 
fuel.  The  cleansed  bark  is  of  a  pale  yellow  colour, 
and  of  about  the  thickness  of  parchment.  It  is 
placed  on  mats  to  dry  in  the  sun,  when  it  curls  up 
and  acquii-es  a  darker  tint.  The  smaller  pieces  are 
then  put  inside  the  larger,  and  the  whole  close 
together  into  the  tubular  form  in  which  it  is  sold  in 
the  shops.  When  the  rind  or  part  forming  the  cin- 
namon is  fu'st  taken  from  the  tree,  it  is  said  to  consist 
of  an  outer  portion  which  tastes  like  common  bark, 
and  an  inner  portion  winch  is  very  sweet  and  aromatic. 
In  the  com-se  of  di-ying,  the  oil  of  the  inner  portion, 
on  wliich  the  flavour  depends,  is  communicated  to  the 
whole,  and  the  quality  of  the  entire  bark  is  said  to 
depend  upon  the  relative  quantities  of  those  portions 
of  the  bark.  The  ciunamon  of  Ceylon  has  the  outer 
portion  much  thinner  in  proportion  to  the  iimer  than 
the  cassia^  of  other  countries ;  and  to  that  its  higher 
pungency  is  attributed.  According  to  McCuUoch 
cinnamon  is  imported  m  bags  or  bales,  weighing 
92Mbs.  each,  and  iu  stowing  it  black  pepper  is  mixed 
with  the  bales  to  preserve  the  cmnamon.  The  best 
cinnamon  is  thin  and  rather  pliable,  of  a  light  yellow 
colom-,  smooth  and  shining,  with  a  sphntery  fracture, 
an  agreeable,  warm,  aromatic  flavour,  and  a  mild 
sweetish  taste ;  when  chewed  the  pieces  become  soft 
and  seem  to  melt  iu  the  mouth ;  it  may  be  borne  on 
the  tongue  without  pain,  and  is  not  succeeded  by  any 
after  taste.  The  cinnamon  of  Cochin  China  is  pre- 
fen-ed  in  China  to  that  of  Ceylon :  the  annual  imports 
into  Canton  and  other  parts,  vary  from  250,000  to 
300,0001bs.  There  are  ten  varieties  of  this  species 
in  the  market :  it  is  not  cured  like  that  of  Ceylon  by 
freeing  it  from  the  epidermis.  In  1857,  the  quantity 
of  cinnamon  imported  into  the  United  Kingdom  was 
745,3101bs.,  of  which  only  39,34,4  lbs.  were  retained 
for  home  consumption.  In  1858,  651,056  lbs.  were 
imported.  The  duty  by  the  new  tariff  is  %d.  per  lb. 
on  foreign,  and  %d.  per  lb.  on  the  cinnamon  of  British 

OQ  of  cinnamon  was  formerly  obtained  at  Columbo 
by  distilling  with  water  the  fragments  of  the  cinnamon 
bark  broken  off  in  packing,  and  also  the  coarse 
cumamon  unfit  for  exportation.  A  very  small  quan- 
tity is  contained  in  the  bark,  3001bs.  of  which  are 
requii-ed  to  yield  24  ouirces  of  oU.  At  present  there 
are  two  varieties  of  oil  of  cinnamon  met  with  in 
commerce,  of  veiy  imequal  value,  viz.  that  of  Chiua 
and  that  of  Ceylon:  the  foi-mer  is  considered  the 
best,  but  both  are  very  impui-e.  The  pure  oil  may 
be  extracted  from  them  by  adding  cold,  strong  nitric 
acid:  the  crystalline  matter  which  fonns  after  the 
lapse  of  a  few  hoirrs,  separated  and  decomposed  by 
water,  yields  pure  oil  of  eimiamon.  When  the  oil  is 
made  from  the  flnest  cinnamon  its  speeiflc  gravity  is 
said  to  be  greater  than  water,  but  from  the  coarse 
sort,  less.  In  the  former  case  fine  cumamon  is 
crushed,  infused  twelve  hours  iu  a  saturated  solution 

(2)  The  laurus  cossia  is  chiefly  brought  from  China:  the  hari. 
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of  common  salt,  and  then  the  whole  is  subjected  to 
rapid  distillation.  Water  passes  over,  milky,  from 
the  presence  of  essential  oU,  which  after  a  time 
separates  and  sinks  to  the  bottom  of  the  receiver. 
It  is  collected  and  left  for  a  short  time  in  contact 
with  chloride  of  calcium.  Like  most  of  the  volatUe 
oUs,  it  has  a  certain  degree  of  solubility  in  water : 
it  is  highly  fragrant,  colourless  or  of  a  slight  yellow 
tint,  of  an  agreeable  ciiuiamou  odom-,  and  of  a 
pungent  burning  flavour.  It  contains  according  to 
DiunasCiaHsOj. 

Wlien  the  pure  oil  is  exposed  to  the  ah-  it  absorbs 
oxygen,  and  becomes  converted  into  a  mass  of  wliite 
crystaUine  matter,  which  is  Iii/dmted  cinnamic  acid. 
Cimiamic  acid  is  found  in  Penivian  and  Tolu  balsams, 
associated  with  benzoic  acid  which  it  closely  resembles, 
and  certain  oily  and  resinous  substances.  The  radical 
of  this  acid  has  been  named  cinncmi/le ;  it  has  not 
been  isolated.  The  following  is  a  list  of  cinnamylo 
compounds  : — 

Cinnamyle  (symool  Ci)   Cls  H7  02 

Hydruret  of  cinnamyle;  oU  of  cinnamon  Cl8  H7  Os  +  II 

Oxide  of  cinnamyle;  cinnamic  acid    ■C1SH7OJ+O 

CUoride  of  cinnamyle C13  H?  0«  +  CI. 


CITRIC  ACID,  an  acid  common  to  many  vege- 
tables ;  it  is  abundant  in  lemon  and  in  Ume  juice ;  it 
is  also  contained  in  currants,  gooseberries,  raspberries, 
and  strawbemes,  and  in  the  onion  and  potato.  It 
is  prepared  by  a  few  manufactm-ers  on  a  veiy  large 
scale  for  the  use  of  calico-printers  :  it  is  also  used  in 
pharmacy.  It  is  obtained  chiefly  fr-om  lemon  and  lime 
juice,  a  gallon  of  good  lemon  juice  afl'ording  about 
8  ounces  of  the  crystallized  acid,  although  as  much 
as  13  ounces  have  been  obtained  from  this  quantity 
of  juice.  In  prepai-ing  the  acid,  the  juice  is  allowed 
to  ferment  a  short  time,  for  the  pui-pose  of  sepa- 
rating mucilage  and  other  impm-itics ;  the  clear  liquor 
is  then  satui'ated  with  chalk,  added  in  small  portions 
at  a  tune,  which  forms  with  the  citric  acid  an  insoluble 
compound.  Tliis  is  washed  with  hot  water,  decom- 
posed by  the  proper  quantity  of  sulphui'ic  acid  cbluted 
with  water,  and  the  filtered  solution  evaporated  to  a 
small  bidk  is  left  to  crystaUize. 

The  product  is  di-ained  from  the  mother  liquor, 
re-dissolved,  digested  -nith  animal  charcoal,  and  again 
concentrated  to  the  point  of  crystallization.  Citric 
acid  fonns  colom-lcss  prismatic  crystals,  which  have  a 
pui-e  and  agi-eeable  acid  taste :  they  dissolve  readily 
in  water,  but  the  solution  becomes  mouldy  by  long 
keeping.  Citric  acid  is  sometimes  adulterated  with 
tartaric  acid,  which  may  be  detected  by  adding  to  fhc 
acid,  dissolved  in  cold  water,  a  solution  of  acctnlr 
of  potash,  which  will  throw  down  a  white  crystallii: 
precipitate  of  bitartrate  of  potash  (cream  of  tarl^n  1, 
if  tartaric  acid  be  present.  Citric  acid  is  distmguisliLd 
from  most  of  the  other  vegetable  acids  by  its  behaviour 
with  lime-water :  when  citric  acid  is  added  to  lime- 
water,  the  liquid  remains  clear  till  it  is  heated,  and 
then  becomes  turbid,  and  deposits  citrate  of  bme. 

"  Citric  acid  is  tribasic  :  its  formula,  in  the  gently- 
dried  and  anhydi-ous  silver-salt,  is  C,,  H5  0".  The 
hydrated  acid  crystallizes  with  two  different  quantities 


of  water,  assuming  two  different  forms.  The  crystals 
which  separate  by  spontaneous  evaporation  from  a  cold 
satui-ated  solution  contaui  C12 II5  On,  3  HO  -f  3  HO, 
the  last  being  water  of  crystaUization ;  while,  on  the 
other  hand,  those  wliieh  aa-e  deposited  from  a  hot 
solution  contain  but  4  equivalents  of  water  altogether, 
3  of  which  arc  basic.  Citric  acid  is  entirely  decom- 
posed when  heated  \ni\x  sulphimo  and  nitric  acids : 
the  latter  converts  it  into  oxalic  acid.  Caustic  potash 
at  a  high  temperature  resolves  it  into  acetic  and  oxalic 
acids.  The  citrates  are  very  numerous,  the  acid 
forming,  like  ordinaiy  phosphoric  acid,  three  classes 
of  salts,  which  contain  respectively  3  cqmvalents  of  a 
metallic  oxide,  3  eqs.  of  oxide  and  1  eq.  of  basic 
water,  and  1  cq.  oxide  and  ".  r-  -,  1  :-■:-  v.nfr,  besides 
true  sub-salts,  in  which  ilic  •.  '•■■'•  "    .'iiiuis 

perhaps  replaced  by  a  metal! !■  .    ' 

CIVET,  a  substance  usr  !  in  ;.  ;:":,r;v,  liuving  a 
powerful  scent,  resembling  musk  raid  aiubergris.  It 
is  obtained  from  the  civets  {Vivcmi),  a  genus  of  car- 
nivorous animals,  approaclihig  nearest  in  their  form 
and  habits  to  the  fox  and  the  cat.  But  the  distinctive 
character  of  the  civets  consists  in  an  opening  near  the 
tad,  leadmg  into  a  double  cavity  of  considerable  size, 
furnished  with  glands  for  the  secretion  of  the  odorous 
substance.  When  the  secretion  is  in  excess,  the 
animal  fi'ces  itself  from  it  by  a  coutractUc  movement, 
which  causes  the  civet  to  ooze  from  the  bag.  This  is 
carefully  collected  and  sold  (not  without  adidteration 
with  butter  or  od,  to  increase  its  weight)  at  a  very 
high  price.  These  ammals  are  carefully  kept  and 
tended  in  North  Africa,  for  the  sake  of  the  perfume : 
they  are  also  common  in  South  America,  and  in  the 
forests  of  Japan.  Civet  contains  free  ammonia,  resin, 
fat,  and  extractifomi  matter,  and  a  volatde  oil  to 
which  its  odoriferous  properties  are  due.  It  is  im- 
ported into  England  from  the  Brazds  and  from  Guinea. 
When  genuine,  it  is  worth  from  30  to  40  shiUings  an 

CLAY,  a  compound,  or  perhaps  only  a  mistm-c,  of 
the  two  earths,  almiiina  and  silica,  with  water.  Clay 
is  an  essential  ingredient  in  aU  fertile  soUs.  Its  origin 
is  thus  explained  by  Mr.  Eownes :  "  Silicates  of  alu- 
mina enter  into  the  composition  of  a  number  of  crys- 
taUized  minerals,  among  wlueh  felspar  occupies,  by 
reason  of  its  abundant  occurrence,  a  prominent  place. 
Granite,  poi-phyry,  trachyte,  and  other  ancient  un- 
stratiSed  rocks,  consist  in  great  part  of  this  mineral, 
which,  under  peculiar  eircumstances,  by  no  means 
well  understood,  suffers  complete  decomposition,  bemg 
couvcrtcil  into  a  soft  friable  mass  of  earthy  matter. 
i  i !  i  i  I ' ,  i .  1  i  ■  ;iii  of  clay :  the  change  itself  is  seen  iu 
1 1  in  certain  districts  of  Devonslure  and 
I-'  .  I  ;  '  li'lspar  of  the  fine  wlrite  granite  of 
lliuic  l'„.uLv:i_o  li.'Jn"-  oTti..,  di^intp^'ralcd  to  an  extra- 
ordinary depth,  ;ii  i  1'  1  '.  ::''  ;  1  to  a  substance 
resembling  soft  111' '     i.   ;■■  ,  thisfuiely-dii'ided 

matter  is  scpaiai'  >l  ii  ,  :::  ■  fz  and  mica,  and 
the  milk-like  liquid  being  coUcctcd  in  tanks  and  suf- 
fered to  stand,  deposits  the  suspended  clay,  which  is 
dried,  first  in  the  air,  and  aftenvards  in  a  stove, 
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and  employed  in  the  manufactm-e  of  porcelain.^  The 
composition  assigned  to  unaltered  felspar  is  Al-..  O3, 
3SiOs4-E.O,Si05,  or  almn,  having  silicic  acid  in 
the  place  ot  sulphiuic.  The  exact  nature  of  the 
change  by  which  it  passes  into  porcelain  clay  is 
unknown,  although  it  evidently  consists  in  the  ab- 
straction of  silica  and  alkali.  When  the  decomposing 
rock  contains  oxide  of  iron,  the  clay  produced  is 
coloured.  The  different  varieties  of  shale  and  slate 
result  from  the  alteration  of  ancient  clay  beds,  ap- 
parently, ia  many  instances,  by  the  infiltration  of 
water  holding  silica  in  solution :  the  dark  appearance 
of  some  of  these  deposits  is  due  to  bituminous 
matter."     [See  Aotm  and  Alumina.] 

According  to  Gmelin,  nearly  all  pure  clay  consists 
of  Al,03,  2Si02-f2Aq.;  but  in  natui-e  it  is  gene- 
rally found  mixed  with  carbonate  of  lime,  magnesia, 
and  protoxide  of  iron,  which  cause  it  to  effervesce 
■nith  acids  ;  it  also  contains  manganese,  linely-divided 
quartz,  felspar,  mica,  organic  matter,  &c.,  all  of  which 
modify  its  properties  and  applications  to  a  considerable 
extent.  The  presence  of  potash,  lime,  sesquioxide  of 
iron,  &c.,  renders  it  more  fusible.  Pm-e  clay  is  soft, 
more  or  less  unctuous  to  the  touch,  white,  and  opaque, 
and  emits  a  characteiistic  odoiu-  when  breathed  upon. 
This  odour  has  been  referred  to  ammonia  contained 
in  the  clay.  Clay  is  converted  by  water  into  a 
doughy  mass,  of  various  degrees  of  tenacity,  but  it 
loses  this  quaUty  on  diying.  When  rapidly  heated 
it  cracks  in  evci-y  direction,  but  when  slowly  heated  it 
parts  with  its  water  at  a  temperature  below  redness  ; 
and  at  the  same  time  diminishes  in  bulk :  if  heated  to 
redness,  it  continues  porous,  and  may  be  saturated 
with  water ;  but  it  no  longer  falls  to  pieces  when  put 
into  water.  The  stronger  the  heat  to  which  it  is 
exposed,  the  more  hard,  dense,  and  sonorous  does  the 
elay  become.  At  a  very  high  temperature,  the  pores 
contract ;  but  the  specific  gravity  of  the  clay,  taken 
in  a  state  of  powder,  increases  only  up  to  a  dull  red 
heat :  at  a  higher  temperature  it  again  diminishes. 
Pure  clay  does  not  fuse  in  the  most  powerful  blast- 
furnaces ;  it  becomes,  however,  soft  enough  to  be 
bent  for  pipe-stems.  Clay  dissolves  with  difficulty  in 
borax,  forming  a  transparent  glass ;  with  phosphate 
of  soda  it  forms  a  glass  which  is  transparent  and 
white  while  hot,  and  becomes  opalescent  as  it  cools,  a 
skeleton  of  silica  being  also  separated ;  mth  carbonate 
of  soda  it  forms  a  green  glass,  if  iron  be  also  present ; 
ignited  with  solution  of  cobalt  it  generally  assumes  a 
blue  colour-.  Clay  docs  not  dissolve  in  dilute  muriatic 
or  nitric  acid.  The  action  of  sulphuric  acid  has  been 
already  referred  to  in  our  article  on  Alum. 

The  property  which  clay  possesses  of  being 
verted  by  heat  iato  a  strong  mass,  which  no  k 
falls  to  pieces  in  water,  is  taken  advantage  of  in  the 
mannfaotui-e  of  bricks  and  vessels  of  various  k 
To  diminish  its  contraction  in  drying  and  bm-nu  ^. 
is  generally  mixed  with  a  considerable  quantity  of 
quartz,  sajid,  or  with  powder  of  burnt  elay.  The 
smaller  the  amount  of  hme,  potash,  &c.,  present  in  the 


clay,  the  higher  is  the  temperature  which  it  sustains 
without  fusing,  and  the  more  dense  and  solid  is  the 
baked  mass  obtained.  But  smce  it  always  remains 
porous,  it  is  generally  covered  with  a  glaze  consisting 
of  an  easily  fusible  glass,  usually  containing  oxide  of 
lead.  For  stoneware  and  porcelain  a  mixture  is  used. 
of  very  infusible  clay  and  fine  quartz  sand,  witli  a 
certain  portion  of  gypsum  or  felspar.  The  lime 
present  in  the  former,  or  the  potash  in  the  latter, 
gives  rise  at  a  high  temperature  to  incipient  fusion 
and  softening  of  the  mass,  by  which  means  its  porosity 
is  in  a  great  measm-e  diminished.^  [See  Pottert 
and  Porcelain.] 

The  following  are  some  of  the  common  varieties  of 
clay :— 1.  Pipe-clay.  This  is  of  a  greyish  white  colom-, 
with  an  earthy  fracture,  and  a  smooth  greasy  feel ;  it 
adheres  to  the  tongue,  and  is  very  plastic,  tenacious 
and  infusible.  When  burnt  it  is  of  a  cream  colour, 
and  is  used  for  tobacco-pipes  and  white  pottery.  It 
is  found  near  Poole  in  Dorsetshire.  2.  Power's  clay 
is  of  various  coloui-s,  chieily  reddish  or  grey,  and 
becomes  red  when  heated.  Mixed  with  sand  it  is 
formed  into  bricks  and  tUes.  It  is  found  in  Hamp- 
shire, Berkshire,  and  Devonshire,  and  is  forwarded 
from  thence  in  large  quantities  to  the  Staffordsliire 
Potteries.  3.  Stourbridge  clay  resembles  potter's 
elay  to  a  certain  extent,  but  is  far  more  refractory  in 
the  fire.  It  is  of  a  dark  colour,  owing  probably  to 
the  presence  of  carbonaceous  matter.  It  is  extensively 
used  in  making  crucibles,  glass  pots,  &c.  4.  Brick- 
clay  or  loam  is  found  in  abundance  on  tbe  London 
clay,  and  frequently  rests  on  an  interposed  bed  of 
sand.  It  varies  greatly  in  appearance,  texture  and 
composition ;  its  colour  depending  on  the  proportion 
of  oxide  of  ii-on  contained  in  it.  5.  London  clay  is 
a  very  extensive  deposit  of  a  bluish  clay.  Near  the 
sm-faee,  however,  it  has  often  the  usual  elay  colour. 
It  extends  over  the  greater  part  of  Middlesex,  the 
whole  of  Essex  and  Suffolk,  and  part  of  Norfolk. 
It  frequently  rises  almost  to  the  sui-face.  The  lower 
beds  are  sometimes  yellowish,  white,  or  variegated. 
Tbis  clay  contains  organic  remains.  6.  Plastic  clay 
skirts  the  London  clay  within  the  London  chalk  basin, 
and  it  appears  also  at  the  Isle  of  Wight.  This 
formation  comprises  a  variable  number  of  sand,  clay, 
and  pebble  beds,  alternating  iiTCgularly,  and  lying 
immediately  upon  the  chalk.  The  sand-beds  of  this 
formation  supply  the  deep  wells  in  and  about  Loudon 
with  soft  water.    [See  Artesian  Wells.] 

Brongniart  in  his  "  Traite  des  Arts  Ceramiques  ou 
des  Poteries,"  (Paris,  1844,)  has  given  an  elaborate 
list  of  clays  used  in  the  arts  in  different  parts  of  tlie 
world.  The  number  of  specimens  cited  is  1G7. 
Their  physical  and  chemical  characters,  composition, 
locality,  and  appheation  are  also  given.  We  sliall 
refer  more  particularly  to  tliis  work  ui  the  article 
Pottery  and  Porcelain. 

CLOCK.    See  Horology. 

CLOVES,  the  unopened  flowers  of  the  clove-trcc, 

(2)  Gmeliii's  "  Handbook  of  Chemistry."    Translated  by  Henry 


{Can/Of  lyllus  aromaiicus,)  a  native  of  the  Moluccas, 
aromatic  in  its  bark,  root,  leaves,  and  flowers,  but 
with  an  insipid  fruit  resembluig  a  small  plum. 
Vigorous  trees  yield  10  or  12  pounds  weight  of 
flowers  annually.  The  largest  trees  (which  are  as 
much  as  8  feet  in  diameter)  sometimes  \ickl  50 
or  60  pounds  weight.  CI.-,,.  ,..  i;  ".  I  ,,  : 
nearly  black,  of  a  powerful  In  " 
taste.   They  derive  their  nam.   ;  I 

for  a  nail,  owing  to  the  resciiil)!:...'  ;  L.  ^,  :ii(  i  .._'.' 
to  bear  in  then:  dried  state  to  smaU  uails.  Thrj  are 
imported  from  the  Dutch  settlements,  the  best  in 
chests,  the  inferior  sort  in  bags.  The  Dutch  have 
exclusive  possession  of  the  Moluccas  or  Clove  islands, 
and  by  a  short-sighted  policy,  they  have  limited  the 
cultivation  of  these  trees  to  one  island,  Amboyna, 
the  seat  of  their  power,  and  scud  an  annual  fleet  to 
visit  the  other  islands,  and  suppress  the  growth  of 
cloves,  which  spring  up  like  weeds  in  the  soil.  This 
arises  from  a  jealous  apprehension  lest  the  natives 
should  interfere  with  their  policy,  which  is  to  derive 
a  large  profit  from  a  small  trade,  instead  of  a  mo- 
derate profit  from  a  more  extended  and  beneficial  one. 
Now  that  the  duty  has  been  almost  taken  oif  cloves, 
(being  reduced  to  sixpence  a  pound,)  the  consumption 
has  considerably  increased,  but  not  in  the  proportion 
which  it  would  have  done  under  a  more  liberal 
policy.  The  price  of  cloves  m  the  London  market, 
cxchisive  of  (lie  duty,  varies  from  Is.  to  2s.  2(/.  per  lb. 
In  I860,  981,308  lbs.  of  cloves  were  imported,  and 
in  1859,  727,519  lbs.  of  which  272,822  lbs.  were 
entered  for  home  consumption. 

An  essential  oil  is  obtained  from  cloves  by  repeated 
distillation,  and  it  is  a  common  trick  to  mix  cloves 
thus  deprived  of  their  oil  with  other  cloves.  They 
may  easily  be  detected  by  beiug  lighter  coloured, 
shrivelled,  and  without  the  knob.  Oil  of  cloves  is 
hot  and  fiery.  It  is  used  in  medicine  as  a  stomachic, 
and  to  render  some  medicines  safer  and  more  agreeable. 
Two  drops  form  a  dose. 

The  sp.  gr.  of  oil  of  cloves  varies  between  1.05 
and  1.06,  so  that  it  is  heavier  than  water,  a  circum- 
stance which  affords  an  easy  test  of  its  pm-ity ;  for 
as  this  oil  is  often  adulterated  with  olive  and  other 
light  oils,  all  that  is  necessary  is  to  pour  the  suspected 
oil  iuto  cold  water,  when  the  oil  of  cloves  will  sink, 
and  the  oil  used  as  an  adulterant  wUl  float  on  the 
surface.  It  appears,  however,  from  recent  researches 
that  oil  of  cloves  is  composed  of  two  distinct  oils, 
one  of  which  has  a  sp.  gr.  of  0.918,  and  is  incapable 
of  combiniug  with  bases;  and  tlie  other  possessiug 
acid  characters  has  a  sp.  gr.  of  1.079.  The  iudifferent 
oil  is  a  hydrocarbon  of  the  cloves,  Cio  Hg.  The  acid 
oil  has  the  formula  C24  H15  O5.  It  has  been  named 
Eugenic  acid.  It  is  a  transparent,  colomless,  oily 
liquid,  with  a  strong  odour  of  cloves,  and  a  burning 
aromatic  flavour.  It  forms  a  class  of  salts  named 
eugenates,  which  have  the  (aste  and  smell  of  the  acid. 

COACH,  see  Wheel  Cabmages. 

COAL.  There  are  several  varieties  of  coal,  all  of 
which  appear  to  have  been  formed  by  the  action  of 
certain  chemical  forces  on  wood  or  other  vegetable 


matter ;  but  these  varieties  may  for  the  most  part  be 
arranged  into  two  groups,  the  one  containing  no  bitu- 
men, and  the  other  distuiguished  by  the  presence  of 
that  substance.  In  the  first  variety,  or  that  without 
bitumen,  is  anlhracile,  also  called  f/hince  coal  and  stone 
coal.  It  is  compact  and  hard,  with  a  high  lustre,  and 
N  .  !'■'  i!  :i  i"i.   .  .■  :',     1;  i..",.  -  :i  !;i^h  polish.  On  which 

.    I     1         :  :  :i  ...Is,  boxes,  and  or- 

,    ,:  i  .  .uly  varies  from  1.3 

lii;:.  ill  i.i  ,1.  :i.  ,  -M..'.  I  [irr  cent,  of  carbon, 
with  from  -l  to  7  of  water.  Li  some  varieties  of 
antlu-acite  bitumen  is  present,  in  which  case  it  burns 
with  a  eoasiderable  flame.  Indeed,  anthracite  passes 
gradually  into  bituminous  coal,  which  varies  greatly 
aecorcUng  to  the  amount  of  bitumen.  The  following 
are  recognised  varieties.  Caking  or  pilching  coal 
breaks  iuto  small  pieces  when  heated,  but  on  raising 
the  heat  they  unite  or  cake  into  a  solid  mass.  Its 
colour  is  velvet  or  greyish  black.  It  burns  with 
a  lively  yeUow  flame,  but  requires  frequent  stirring 
to  prevent  it  from  caking  and  so  clogging  the  fire. 
Ckerrt/  coal  resembles  cakiug  coal,  but  does  not  soften 
and  cake :  it  is  very  brittle,  and  burns  with  a  clear 
yellow  flame.  The  splint  or  hard  coal  of  the  Glasgow 
coal  beds  is  harder  than  cherry  coal.  Cannel  or 
candle  coal  bui-ns  readily  without  melting,  and  has 
hence  been  used  as  candles,  whence  the  name.  It  is 
of  compact  and  even  texture,  little  lustre,  and  breaks 
with  a  large  conchoidal  fractiu'c.  It  is  sometimes 
made  into  snuff-boxes,  and  similar  articles.  Brovin 
coal,  Kood  coal,  and  lignite,  are  imperfect  varieties  of 
coal,  usually  of  a  browTiish  black  colour,  and  re- 
taining the  structure  of  the  origmal  wood,  and 
bm-iiiiig  with  an  empyi-eumatio  odour.  The  substance 
termed  jet  resembles  cannel  conl,  but  is  harder,  of 
a  deeper  black  coloui-,  ami  1.-_;i.  .•  1i;  =  fi.-.  It  takes 
a  brilliant  polish,  and  is  s...  <  .  1  .  .  i  v. ,  by. 

The  following  is  a  skill  !n      1,  ■,    .irtlie 

chemical  processes  which  ::iii;,J  i!i.'  I' miati.iu  of 
coal  from  wood.  "When  wood  is  exposed  to  air  and 
moisture  it  suffers  decay  or  eremacausis :  it  moulders 
and  becomes  gradually  converted  into  a  dark  brown 
or  black  powder,  called  mould  or  humus.  The  longer 
the  process  has  been  continued,  the  greater  is  the 
proportion  of  carbon  in  the  residue.  Thus  oak  wood 
is  composed  of  C36  H22  O..?,  and  one  specimen  of  oak 
humus  was  found  to  coutnin  V  \\  .  O  ,  n.  rl  another 
CaiHisOis;  showing  thai  I  ,  ,  •  ,  .  ;lvalents 
of  hydrogen  oxidized  by  l!i  ,  ,  .  ,  ■  pi', ;. lent  of 
carbonic  acid  had  been  scii;.! .;.  .1,  if  i!;.'  .!.  .uy  were 
to  contmue  until  aU  the  hydrogen  had  Ix-cu  sepa- 
rated, wood,  consisting  of  Cac  H22  O22,  would  leave 
only  C25 ;  but  this  final  result  does  not  usually  occur, 
because  the  excess  of  carbon  retains  the  last  portions 
of  hydrogen  with  an  increasuig  aflinity  as  the  amount 
of  hydrogen  diminishes. 

When  wood  is  decomposed  by  the  action  of  water, 
air  beiug  absent,  the  process  is  more  properly  moulder- 
ing, for  in  eremacausis  or  decay  oxygen  is  the  active 
agent.  In  mouldering,  the  access  of  oxygen  is  verv 
limited,  and  the  results  are  diflcrcnt  from  those  of 
decay.     The  elements  of  water  together  with  sonm 


oxygen  are  taken  up,  and  carbonic  acid  escapes. 
Thus  when  oak-wood  was  decomposed  by  lying  under 
water,  a  white  mouldered  matter  was  formed  con- 
taining C33H27O2J,  and  derived  from  oak-wood, 
C36H«>025,  by  the  addition  of  oHO-fO,  and  the 
subtraction  of  SCOj.  Mouldered  beech  yielded 
CsaH^iO^j,  which  may  be  similarly  accounted  for. 
Wood  coal  or  brown  coal  has  been  produced  by  a 
similar  action.  A  pure  specimen  of  wood-coal  from 
Laubach  contained  C33H21O16;  that  is,  a  greater 
proportion  of  carbon  and  hydrogen  and  a  smaller 
proportion  of  oxygen  than  wood.  If  wood  were  to 
lose  3  atoms  of  carbonic  acid  and  1  atom  of  hydrogen, 
such  a  wood-coal  would  be  the  result : 


there  wiU  be  left  wood  coal  =C33  H21  Ol$. 

In  the  formation  of  wood-coal  the  essential  change 
seems  to  be  the  sepai'ation  of  carbonic  acid  from  its 
elements,  wlule  a  portion  of  hydrogen  is  removed  by 
oxidation,  owing  to  the  limited  access  of  air.  Tlie 
separation  of  carbonic  acid  seems  stiU  to  go  on  even 
in  the  deepest  beds  of  brown  coal,  and  is  probably 
the  Eouree  of  the  acidulous  springs  found  near  such 
beds,  and  also  of  choke-damp  in  mines.  When  near 
the  surface,  the  proportion  of  hydrogen  in  wood-coal 
is  always  less,  owing  to  the  action  of  the  aii-,  by  the 
osygen  of  which  the  hydrogen  is  removed. 

Mineral  coal  appears  to  be  produced  by  a  long- 
continued  decomposition  of  wood  or  of  wood-coal, 
by  which  carbonic  acid,  water  and  carburetted 
hydrogen  are  separated.  Splint  coal  and  caimel 
coal  are  both  CiiHuO,  which  may  be  thus  derived 
from  wood : — 

1  C3H6 


Caking  coal  is  C20H9O,  or  cannel  coal 
oleiiant  gas,  CjKi.  This  explains  the 
fire-damp  in  coal  mines ;  whereas  in  mines  of  wood- 
coal  carbonic  acid  or  choke-damp  alone  occui'S.  The 
occun-ence  of  tire-damp  proves  that  changes  are 
constantly  occurring  in  the  beds  of  coal.  When  the 
whole  of  the  hydrogen  is  removed  in  the  form  of 
carburetted  hydrogen,  the  residue  must  be  anthracite^ 
which  is  nearly  pure  carbon. 

By  distUling  coal  with  water,  oily  and  resinous 
matters  have  been  obtamed.  These  oils  and  naphtha 
may  be  fonned  out  of  the  elements  of  the  carbonic 
acid  and  carburetted  hydrogen  separated  from  the 
wood  during  its  conversion  into  coal;  but  if  the 
wood  had  been  originally  of  the  pine  tribe,  the  resin 
and  oil  of  turpentine  may  have  been  originally 
present  in  it.' 

Mr.  Hutton  has  given  decisive  proof  of  the  vege- 
table origin  of  coal,  by  submitting  to  microscopic 
examination  an  extensive  series  of  sKces  taken  from 
the  several  varieties  of  coal  found  at  Newcastle  and 


the  contiguous  district.  He  considers  this  coal  to  be 
of  three  kinds;  the  first,  which  is  the  greatest  in 
quantity  and  the  best  in  quality,  is  the  rich  caking 
coal,  so  generally  esteemed ;  the  second  is  cannel  or 
parrot  coal  {splint  coal  of  the  miners) ;  and  the  third, 
slate  coal,  consisting  of  the  two  former  arranged  in 
thin  alternate  layei-a  with  a  slaty  structure.  In 
these  varieties,  taken  indiscriminately,  more  or  less  of 
the  vegetable  texture  could  always  be  discovered, 
thereby  affordiirg  the  fullest  evidence  of  the  vegetable 
origin  of  coal.  Each  of  these  three  kinds  of  coal, 
besides  the  fine  distinct  reticuhition  of  the  oiiginal 
vegetable  textm-e,  exhibits  other  cells  which  are  filled 
with  a  light  wine-yeUow-coloured  matter,  apparently 
of  a  bituminous  nature,  and  which  is  so  volatile  as 
to  be  entirely  expelled  by  heat  before  any  change  is 
effected  in  the  other  constituents  of  the  coal.  The 
number  and  appearance  of  these  cells  vary  with  each 
variety  of  coal.  In  caking  coal,  the  cells  are  com- 
paratively few,  and  those  which  do  exist  are  highly 
elongated.  Their  original  form  the  author  believes 
to  have  been  circular,  and  he  attributes  their  present 
figure  to  the  distension  of  gas  confined  in  a  somewhat 
yielding  material  subject  to  perpendicular  pressm-e. 
In  the  finest  portions  of  this  coal,  where  the  crys- 
talline structure,  as  indicated  by  the  rhomboidal  form 
of  its  fragments,  is  most  developed,  the  cells  are 
completely  obliterated.  In  such  parts  the  texture  is 
uniform  and  compact:  the  ciystaJline  arrangement 
indicates  a  more  perfect  union  of  the  constituents, 
and  a  more  entire  destruction  of  the  origmal  texture 
of  the  plant.  The  slate  coal  contaius  two  kinds  of 
cells,  both  of  which  are  fUled  vrith  yellow  bitmninous 
matter.  One  kind  is  that  already  noticed  in  caking 
coal :  while  the  other  kind  of  cells  constitutes  groups 
of  smaller  cells  of  an  elongated  circular  figure.  In 
those  varieties  which  go  under  the  name  of  cannel, 
parrot,  and  splint  coal,  the  crystalline  structure,  so 
conspicuous  in  fine  caking  coal,  is  wholly  wanting, 
the  first  kind  of  cells  is  rarely  seen,  and  the  whole 
sm-face  displays  an  almost  uniform  series  of  the 
second  class  of  cells,  fDled  with  bituminous  matter, 
and  separated  from  each  other  by  their  fibrous 
divisions.  Mr.  Hutton  considers  it  highly  probable 
that  these  cells  are  derived  from  the  reticular  texture 
of  the  parent  plant,  rounded  and  confused  by  the 
enormous  pressure  to  which  the  vegetable  matter  has 
been  subject.  The  author  states  that  though  the 
crystalline  and  unerystaUine,  or  perfectly  and  im- 
perfectly developed  varieties  of  coal  generally  occur 
in  distinct  strata,  yet  it  is  easy  to  find  specimens 
which  in  the  compass  of  a  single  square  inch  contain 
both  varieties.  From  this  fact,  as  also  from  the  exact 
similarity  of  position  which  they  occupy  in  the  mine, 
the  differences  in  different  varieties  of  coal  arc 
ascribed  to  original  difference  in  the  plants  from 
which  they  are  derived.' 

Geological  examinations  of  coal-fields  have  also 
afforded  abundant  evidence  of  the  vegetable  origin  of 
coal,  although  the  manner  in  which  the  carboniferous 


strata  (as  the  coal-measures,  or  assemblage  of  rocks 
which  include  coal,  are  termed)  have  been  deposited 
is  by  no  means  agreed  upon.  Some  geologists  suppose 
that  the  coal-measures  were  originally  peat-bogs,  and 
that  the  successive  layers  were  occasioned  by  repeated 
subsidences  of  the  land;  others  contend  that  the  vege- 
table matter  originated  fi-om  rafts,  like  those  of  the 
Mississippi,  which  floated  out  to  sea  and  there  became 
engulfed ;  a  third  opiuion  is,  that  they  were  formed  in 
vast  inland  seas  or  lakes,  the  successive  beds  of  vege- 
table matter  beiug  supplied  by  periodical  land-ioods. 
AJl  these  causes  may  have  been  in  operation  in  the 
formation  of  coal,  but,  however  deposited,  the  coal  is 
always  accompanied  by  a  thick  bod  of  clay  beneath 
every  layer ;  aud  it  is,  moreover,  a  remarkable  fact, 
thatacommon  plantof  the  coal  strata,  nameiStiffmaria, 
invariably  oocm-s,  more  or  less  abundantly,  in  this  bed 
of  uuderelay,  although  it  is  rarely  to  be  met  with  in 
the  coal  or  shale  above. 

If  we  trace  the  series  of  which  a  coal-field  is  com- 
posed, beginning  with  the  lowermost  stratxun,  we  have : 
— 1,  the  underclay,  a  tough,  argillaceous  substance, 
which  changes  upon  drying  into  a  grey,  friable  earth:  it 
is  sometimes  black,  from  the  presence  of  carbonaceous 
matter  :  it  contains  iiuuimcrable  stems  of  Sf  igmaria, 


.s  ah-r;: 


rally  consists  of  slaty  clay,  abounding  hi  leaves,  trunks, 
stems,  branches,  and  fruits,'  and  often  containing  layers 
of  ironstone  nodules,  in  which  leaves,  insects,  Crustacea, 
&c.  are  iii  In  i^  J.  Tiilrrstratified  with  the  shale, 
finely-laii  '  mjus  sand,  grit  and  pebbles 

ofhmisi^  ■  lUi  one,  and  other  rocks  often 

occur.  Ill  III,  liiN  1m(1  iippears  to  be  an  accumula- 
tion of  drifted  materials,  miagled  with  the  dense 
foliage  and  stems  of  a  prostrate  forest.  "  These  phe- 
nomena," says  Dr.  ManteU,  "  may  be  esplaiued  by 
supposing  the  iuundation  of  a  thickly-wooded  plain 
by  an  ii-ruption  of  the  sea,  or  of  a  vast  inland  lake, 
occasioned  by  the  sudden  removal  of  some  barrier,  or 
by  a  subsidence  of  the  tract  of  country  on  which  the 
forest  grew.  But  when  we  find  an  aeemnulation  of 
strata,  in  which  triple  deposits  of  this  kind  are  repeated 
some  thirty  or  forty  times  through  a  thickness  of  many 
thousand  feet,  a  satisfactoiy  solution  of  the  problem 
is  very  difficult.  Not  only  subsidence  after  subsidence 
must  have  taken  place,  but  the  first  submergence 
have  been  foUowod  by  an  elevation  of  the  land — another 
soil  fit  for  the  growth  of  forest  trees  been  produced — 
another  generation  of  vegetables  of  precisely  the  same 
species  and  genera  have  sprung  np,  and  arrived  at 
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matuiity — and  then  another  subsidence,  and  another 
accumulation  of  drift.  And  these  oscillations  in  the 
relative  level  of  the  sea  and  land  must  have  gone  on 
luiinterruptedly,  through  a  long  period  of  time,  not 
in  one  district  or  country  only,  but  aU  over  the  world, 
and  during  the  same  geological  period."  ■ 

It  will  be  understood  from  the  preceding  details 
that  the  series  of  rocks  wliich  constitute  the  coal- 
measures  consists  of  beds  of  sandstone,  shale,  clay,  and 
coal,  lying  one  above  another  in  repeated  alternations 
to  a  great  depth.  The  strata  of  coal,  technically  called 
seams,  are  very  thin  compared  with  the  other  associated 
beds.  Although  they  extend  under  hige  tiacts  of 
country,  they  lie  often  onlv  n  few  inches  thick  seldom 
more  than  fi    i^  ^    H  i  Islmt, 

which  IS  30  f  1  I  IS 

a  collection  ct  Uiidei 

calcaieous  strata  t  viii  dik  thicl  i  s  u  etm  cs  ex 
ceeding  900  feet  This  bmcstone  lests  on  a  bed  of 
old  red  sandstone,  varymg  m  thickness  fiom  200  to 
2,000  feet  The  teim  coalformation  sometunes  includes 
these  two  great  series  of  strata,  although,  in  general, 
the  coal-measures  lie  above  them,  the  lowest  coal  seam 
conunonly  resting  on  the  mountain  tunestoue. 

The  various  deposits  which  form  the  coal-measures 
do  not  occur  in  regular  horizontal  unbroken  planes,  as 
might  be  supposed.  There  is  no  doubt  that  when 
first  deposited  they  were  iu  this  condition,  but  this 
horizontal  position  has  at  various  times  been  disturbed 
by  some  upheaving  force  from  below,  whereby  the 
coal-measures  have,  in  many  districts,  been  made  to 
assume  the  shape  of  a  huge  trough  or  basin,  rising  on 
aU  sides  from  a  central  point,  the  sides  of  the  basin 
being  composed  of  sandstone  or  limestone,  and  the 
middle  filled  up  by  strata  superior  to  the  coal-measures, 
viz.  magnesian  limestone,  and  new  red  sandstone. 
This  will  be  better  understood  by  referring  to  the 
diagram.  Fig.  571,  which  represents  a  section  across 
a  coal-field,  such  as  would  result  from  making  a  deep 
perpendicular  cut  in  the  ground,  and  removing  all  the 
strata  on  one  side;  we  should  then  see  awaU  exposed 
like  a  vertical  cUlf  on  the  sea-shore. 

Now  it  follows  from  the  arrangement  of  these  coal- 
basins,  that  the  edge  or  boundary  lino  of  each  stratum 
must  appear  at  the  surface  somewhat  like  the  con- 
centric layers  of  an  onion  cut  in  two.  Tliis  "coming 
to  the  day,"  or  appearance  of  the  coal  at  the  surface 
of  the  ground,  is  called  the  basset  or  outcrop,  and 
serves  to  determine  the  outer  form  or  side  of  the 
basin.  Coal-basins  are  generally  elliptical  in  shape, 
but  they  are  sometimes  nearly  circular  and  very  often 
eccentric,  being  much  greater  in  length  than  in  breadth. 
Thus  the  great  South  Welsh  coal-field,  which  comprises 
an  area  of  upwards  of  900  square  mUes,  is  in  the  form 
of  a  long-necked  flask.  In  many  cases  one  side  of 
the  basin  upon  the  narrow  diameter  iucHnes  more,  or 
has  a  much  greater  dip  than  the  other,  whereby  the 
trough  or  lower  part  of  the  basin  is  thrown  much 
nearer  to  one  side   than   the  other.     Hence   it   i.s 
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evident  that  in  a  perfect  basin  all  the  strata  regularly 
crop  out,  and  meet  the  surface  in  every  point  of  its 
bouudai-y.  Few  coal-fields  are,  however,  thu^  circum- 
scribed, by  the  outcropping  of  older  strata.  The  two 
great  fields  of  Northumberland  and  South  Wales  are 
bounded  (the  one  on  the  east  and  the  other  on  the 
south)  by  the  sea,  so  that  they  are,  strictly,  only  half 
basins  The  Leicester  and  Warwickshire  field  has 
none  of  <he  ch-iiacters  of  i  basm,  bemg  sui  rounded 
oa  all  sidcb  b\  0  ulun    sti\t  i,  undu  which  the  coal 
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measures  dip  lower  and  lower,  till  they  become  too 
deep  to  be  profitably  worked :  thus  they  have  no  out- 
crop, and  thebr  extent  is  unknown ;  but  they  probably 
extend  under  the  surrounding  new  red  sandstone  into 
the  Lancashire  and  other  fields.     (See  Fig.  571,  b.) 

The  internal  upheaving  force,  whatever  it  may  have 
been,  which  converted  the  horizontal  strata  into  basin- 
shiped  anangements,  probably  pioduced  at  the  same 
tune  certam  flssuies  or  fiactuies  ofteu  neiily  vertical, 
■uid  stretchmg  +hrnugh  the  whole  mass      (See  Fig 


572  )  These  rents  are  of  great  mipoitanee  to  the 
mmei,  and  maybe  beneficial  to  him,  or  not,  according 
to  cu-cumstances  They  are  called  f/yies  because  they 
divide  the  scams  oi  bands  of  coal  vaio  fields,  aud  aie 
up  throw  or  down  throw  dykes,  acooidmg  as  the  edge 
of  the  stiata  appears  to  an  observei  to  be  higher  oi 
lower  m  regaid  to  his  own  position  They  aie  also 
called  shifts,  as  the  mmets  consider  that  they  have 
shifted  the  strata  on  their  sides ;  but  the  common  term 
\i  faults  or  troubles,  from  their  troubling  or  putting  to 
fault  the  pitmen. 

Some  of  these  dislocations  of  strata  are  so  consider- 
able as  to  obtain  a  place  in  geological  maps.  In  the 
Northumberland  and  Dui-ham  coal-field,  the  most 
remarkable  is  called  the  Main  or  Great  I>i/ke,  or 
Ninety-Fathora  Di/ke,  in  which  the  beds  on  the  north 
side  are  ninety  fathoms  lower  than  those  on  the  south 
side  of  this  dyke.  The  width  is  variable,  in  some 
places  not  great,  but  iu  Montague  Colliery  it  is  22 
yards  wide,  and  is  filled  with  hard  and  soft  sandstone. 
Two  other  dykes  branch  off  from  the  south  side  of 
this  dyke,  one  to  the  south-east,  which  is  20  yards 
broad,  and  the  other  to  the  south-west,  which,  from 
its  breadth,  is  called  the  Seventy-Tard  Dyke.  It  is 
filled  with  sandstone,  and  intersects  the  upper  seam 
of  coal,  which,  however,  does  not  appear  to  be  thrown 
out  of  its  level  by  the  interruption.     A  slip  dyke  of 


les6  thickness  than  the  woikable  seams,  and  not  dis 
tiubmg  then-  contmuity,  is  called  a  hitch,  as  at  n, 
Fig  572 

Other  dykes,  called  whm  dykes,  contain  basalt, 
toadstone,  and  other  rocks  of  igneous  oiigm  Such 
dykes  may  oi  may  not  be  slip  dykes,  or  such  »« 
ciusc  a  shifting  of  level  m  the  adjacent  beds  Thu-s 
those  at  Di),  Pig.  573,  are  not  accompamed  by  any 
slip.  In  approaching  within  a  few  yards  of  these 
once  molten  streams,  the  operation  of  fii-e  is  evident 
in  the  conversion  of  loose  grits  into  compact  quartz, 
and  of  clay  or  shale  into  slate  and  porcelain  jasper, 
while  the  coal-scams  are  diminished  in  tliickness  aud 
completely  charred,  or  converted  into  blind-coal,  an- 
thracite cinders,  sooty  ashes,  or  in  some  cases  coke, 
as  perfect  as  that  obtained  from  a  coke  oven.  When 
basaltic  or  other  igneous  dykes  reach  the  surface,  or 
what  was  the  surface  at  the  time  of  their  protrusion, 
their  matter  is  either  heaped  up  so  as  to  form  a  hiU, 
as  iu  D,  to  the  left  of  Fig.  572,  or  spread  out  into 
undulating  masses,  as  occurs  -nath  the  other  dyke,  D, 
in  the  same  figure,  or  sometimes  into  extensive  strata, 
destroying  a  vast  extent  of  coal,  or  converting  it  into 
anthracite,  as  in  the  Ayrshire  field. 

It  win  readily  be  supposed  that  dykes  are  a  frequent 
source  of  difficulty  and  expense,  by  throwing  the  seams 
out  of  their  levels  and  filling  the  mines  with  water 


and  inflammable  gas,  whereby  many  fatal  accidents 
arise.  On  the  other  hand,  dykes  and  faults  have  their 
advantages ;  for  when  they  are  filled,  as  is  often  the 
case,  with  stiff  clay,  numerous  springs  of  water  are 
dammed  up,  and  brought  to  the  surface,  instead  of 
bemg  poured  into  the  mine.  By  means,  also,  of  these 
dykfs,  valuable  beds  of  coal  are  preserved  within  the 
huld  which  woidd  otherwise  have  cropped  out  and  bee  i 
lost.  Thus  the  general  depression  between  tlie  faults 
r  F  and  t  i  brings  in  two  thick  seams,  which  woul  1 
not  otherwise  occur  in  this  part  of  the  field,  as  they 
belong  to  a  higher  level.  Several  valuable  beds  of 
coal  near  the  main  dyke  would  not  have  been  availal  le 
but  for  the  general  depression  of  the  beds  occasioned 
by  that  chasm. 

Among  the  other  accidental  featm-es  of  coal-fields 
may  be  mentioned  bands,  or  thin  strata  of  grit  or  shale 
in  the  heart  of  a  coal-seam,  and  from  a  scarcely  per 
ceptible  origin,  as  b.  Fig.  572,  gradually  thiekeuii  g 
until,  at  a  distance  of  perhaps  many  mUes,  they  enth-ely 
usurp  the  place  of  the  eoal,  or  reduce  a  thick  and 
valuable  seam  to  a  thin  and  useless  one.  A  sudden 
local  thinning  of  the  seam  by  an  cxoreseenoe  from  the 
roof  or  floor,  as  at  u,  is  called  a  nip :  this,  howeve 

Such  are  the  general  featui'es  of  coal-measures 
Slineral  coal  is  widely  distributed  over  the  world.  It 
constitutes  tlic  most  importiint  of  the  mineral  treasiues 
of  Glial  I'i  i':i:n.  Ii  I  ]niiud  in  France,  Spaiu,  Po 
tugal,   I'i  I.  .  Austria,  Sweden,  Poland 

and  l!ii      i      1,  , 1 1 1,  in  some  parts  of  Ind  a 

ChiiKi,  \i  \       I  iii'iiien's  Laud,  Borneo  a  d 

the  filli'  i    '         1  I   I  ,ihls,  New  Holland,  and  at 

Coucr|ii;i   !       I  :       I  he  most  extensive  known 

deposil.s  aiv  ;ii  in.    I  n;  r.i  States  of  America,  where 
there  are  lour  great  areas  occupied  by  this  foi-mation 
One  of  them  commences  on  the  north  in  Pennsylvan  a 
and  south-eastern  Ohio,  and  sweeping  south  over 
western  Yii'ginia  and  eastern  Kentucky  and  Tcuiirss 
to  the  west  of  the  Apalaehians,  it  eontiinus  i  i  \  1  i'  a 
near  Tuscaloosa.  It  has  been  estunated  \f    . .    '   > 
square  miles.     A  second  eoal  area  (tla    I     ,  .      ; 
adjoining  the  Jlississippi,  and  covers  ILl  un-cr  |. 
of  Illinois,  the  western  part  of  Indiana,  and  a  sm  11 
north-west  part  of  Kentucky :  it  is  but  little  smaUei 
than  the  preceding.     A  thii-d  occupies  a  portion  of 
Missouri,  west  of  the  Mississippi.     A  fourth  cove  s 
the  central  portion  of  Michigan.     There  is,  also,  i 
small  coal  region  in  Rhode  Island.    Beyond  the  limits 
of  the  United  States,  on  the  north-east,  commences  t 
sixth  coal  area,  that  of  Nova  Scotia  and  New  Bnii  s 
wick,  which  covers  10,000  square  miles.     At  Caj 
Breton  is  still  another  coal-field. ' 

The  coal  measm-es  of  Great  Britain  are  variously 
dispersed  in  the  midland,  northern,  and  western  por 
tions  of  South  Britain,  and  in  a  broad  belt  of  country 
which  traverses  the  centre  of  Scotland,  from  the  shores 
of  Ayrshire  to  those  of  the  Frith  of  Forth.    There 
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coalfield  m  the  midlanl  cu  mt  s  s  that  ot  6o  // 
St  ffordsl  re  which  lyu  g  to  the  we  t  and  i  o  tl  of 
Birmiii^ham,  is  remarkable  for  the  extent  to  wluch  its 
vast  beds  are  worked,  as  well  for  the  purpose  of  smelt- 
ing the  ii-on  ores,  which  are  raised  from  strata  inter- 
spersed among  the  coal  strata,  as  for  the  consumption 
of  the  neighbouring  populous  towns  which  are  the 
scat  of  the  metal  manufactures,  and  for  an  extensive 


'■■  land  sale,"  as  the  supply  of  the  surromiding  country 
with  fuel  is  designated;  the  country  southward,  where 
canals  extend  as  far  as  the  Thames,  heing  in  great 
part  supplied  from  this  region.  The  Shropshire 
district  of  Coalbrookdalc,  lying  midway  between 
Wrlverhampton    and     Shi-ewsbury,    though    mucli 


smaller  in  extent,  is  also  the  scat  of  great  irou-works, 
and  is  the  source  of  a  supply  of  fuel  for  a  great  part 
of  the  vale  of  the  Severn,  and  the  country  to  the 
west  of  it,  to  the  borders  of  Wales.  The  Warwick- 
shire coal-field  occupies  a  large  tract  on  the  north- 
eastern   verge   of   that   county,   from   CoTcnti-y  to 


TABLE  OF  THE  PRINCIPAL  COAL-FIELDS  OF  THE  BRITISH  ISLAND? 

Estimated 

Thickness 

Thickest 

workable  arc.T 

seams. 

workable 
coal  in  feet. 

in  feet. 

"in?e"et!' 

1.  Nurthuhiherlaml  cind  Durham  district. 

Newcastle  coal-Iield 

500,000 

18 

SO 

of  Yorkshire. 

Wliitehaven  and  Akerton      .... 

80,000 

7 

S 

2,000 

Appleby  (3  basins) 

17,000 

Seberghara  (Cumberland)       .... 

1 

3 

3 

Kirkby  Lonsdale 

2,500 

4 

17 

9 

3.  Lancashire,  Flintshire,  and  North  Staffordshire. 

Lancashire  coalfield 

380,000 

75 

150 

10 

0,000 

Flintshire 

120,000 

5 

39 

9 

200 

Pottery,  North  Staffordsliirc  .... 
Clieadie,             ditto             .... 

'10,000 

24 

3S 

10 

10,000 

4.   Yorkshire,  Nottinghamshire,  Derbyshire. 

Great  Yorkshire  coal-fleld       .... 

050,000 

12 

32 

10 

Barley  Moor,  Derbyshii-e    \ 

Shirley  Moor,      ditto         /      "     '     ' 

5.  Shropshire  and  Worcestershire. 

Colebrook  Dale,  Shropshire   .... 

21,000 

17 

40 

Shi-ewsbury,            ditto        .... 

10,000 

3 

Brown  Clee-hill,      ditto        .... 

1,300 

3 

Titterstone  Clee-hill,  ditto     .... 

5,000 

Lickey-hill,  "Worcestershire    .... 
Bewdlev              ditto            .... 

C50 

45,000 

6.  South  Sfafordshre. 

Dudley  and  Wolverhampton  .... 

05,000 

11 

07 

40 

1,000 

r.  Wancickshire  and  Leicestershire. 

Nimeaton 

40,000 

9 

30 

15 

Ashby-de-la-Zouch 

40,000 

5 

33 

21 

8.  Somersetshire  and  Gloucestershire. 

Bristol 

130,000 

50 

90 

Forest  of  Dean 

30,000 

17 

37 

Newent,  Gloucestershire 

1,500 

4 

15 

7 

9.  South-Welsh  coal-field 

10.  Scottish  coal-fields. 

Clyde  VaUey 1 

000,000 

30 

100 

9 

12,000 

Lanarkshire \ 

1,000,000 

S4 

200? 

13 

0.000 

Soutli  of  Scotland,  several  small  areas  ) 

Mid-Lotliian 

24 

94 

4,400 

East-Lotliian 

? 

60 
3 

ISO 
40 

13 
30 

6,000 

Ivibnarnock  \ 

Ayrshire        / 

Fifeshire 

45,000 

10 

55 

21 
6 

Dumfries  coal  region 

U.  Irish  coal-fields. 

Ulster 

500,000 

40? 

C 

Connaught 

200,000 

Leinster  (Kilkenny) 

150,000 

S 

23 

Munster  (several)" 

1,000,000 

Tamworth ;  and  the  Leicestershire  coal-field  sur- 
rounds the  town  of  Ashby-de-la-Zouch.  The  coal  of 
the  latter  is  far  more  extensively  wrought  than  that 
of  the  Warwickshire  field;  but  both  being  without 
iron  furnaces,  their  produce  is  required  only  for  the 
land  sale,  which  extends  southward  through  Buck- 
inghamshire to  the  Thames.     8.  The  Forest  of  Dean 


is  a  remarkable  detached  coal-field  in  Gloucestershire, 
between  the  confluent  rivers  Wye  and  Severn,  in 
which  pits  are  wrought  for  the  manufacture  of  ex- 
cellent iron  ores,  and  for  the  supply  not  only  of  the 
contiguous  parts  of  Herefordshire  and  Gloucester- 
sliire,  but  also  for  a  considerable  laud  sale  eaatwai-d 
towards  Oxford.     South  Gloucestershire  is  in  great 


part  occupied  by  a  coal-field,  whicli  extends  northward  I 
irom  Bristol,  and  supplies  tliat  city  and  the  cou-  | 
tiguous  country  with  fuel.  There  are  also  valual.li' 
mines  in  North  Somersetshire,  the  principal  btii 
those  to  the  south-west  of  Bath,  which  supply  tl  i 
contiguous  country,  and  have  also  an  extensive  ;-:il^' 
eastward  in  Wiltshire  and  Berkshire.  9.  The  most 
extensive  coal-basin  of  the  west  is  that  of  South  IFales, 
which,  commencing  in  Momnouthshire,  occupies  a 
considerable  portion  of  the  counties  of  Glamorgan, 
Carmartlien,  and  Pembroke.  The  internal  con- 
sumption of  its  coal  in  the  manufaetm-c  of  its  native 
ores  of  iron,  and  of  those  of  copper  and  tin  brought 
fi'om  Cornwall  and  other  parts,  is  enonnous,  and, 
besides  supplying  with  fuel  the  whole  of  South 
Wales  and  its  borders,  Cornwall,  and  a  considerable 
part  of  Somersetsliire,  it  exports  large  quantities 
of  stone-coal  even  to  London.  10.  Tl>e  coal  districts 
of  the  Hast  of  Scotland  encii-cle  the  Prith  of  Forth 
ia  tracts  of  very  u-regular  form,  occupying  lai-ge 
portions  of  the  counties  of  East  Lothian,  Mid- 
Lothian,  and  West  Lothian,  of  Stii-Kngshu'c,  and 
part  of  Dumbartonshire,  of  Claolonannanshire,  and 
Perthshire,  and  of  Fifeshii-e,  in  the  districts  of 
Druifcrmline,  Kirkadly,  Cupar,  and  St.  Andrews. 
Tiie  coal  of  the  whole  of  those  districts  is  extensively 
wrought,  chiefly  for  laud  sale  to  Edmbm-gh  and  the 
siu'roimding  counties,  and  pai-tly  for  shipment  coast- 
wise and  for  the  celebrated  iron-works  of  the  Carrou 
Company  in  Stirlingshire. 

Lanarkshire,  Ayi'shh-e  and  Eenfrewshu'e  comprise 
nearly  the  whole  of  the  irregularly  scattered  coal- 
fields of  the  West  of  Scotland,  and  then-  mines  have 
been  chiefly  wrought,  like  those  of  Lancasliire,  for 
the  supply  of  the  great  manufaotui-ing  popidation,  of 
wliich  Glasgow  is  the  centre.  The  district  of 
Airdrie,  to  the  east  and  south-east  of  Glasgow,  is 
also  rising  into  importance  in  the  manufaotuie  of 
iron,  fi-om  the  excellent  ores  there  found,  so  that  the 
working  of  its  coal  has  greatly  increased. 

There  are  also  in  Great  Britain  other  very  small 
coal  tracts  not  sufSciently  important  to  call  for 
special  notice. 

11.  The  coal-fields  of  Ii-eland  are  comparatively 
unimpor-tant.  The  prurcipal  are  those  of  Castleconier 
in  Kilkenny,  and  the  Queen's  County,  where  pits  are 
worked ;  pits  are  also  worked  near  KiUenaule,  in  the 
county  of  Tipperaiy ;  Dromagh  aiul  Dysart,  in  the 
county  of  Cork ;  Drumglass  and  Coal  Island,  in  the 
county  of  Tyrone,  which,  with  the  Aiigua  coal-pits  at 
the  northern  extremity  of  Roscommon,  supplying 
some  contiguous  iron-works,  complete  the  list  of  the 
Irish  coal-mines  in  actual  operation. 

In  addition  to  the  enormous  demands  made  on  oiu- 
national  stock  of  coal  by  our  own.  domestic  consiunp- 
tion  and  our  various  manufactui-es,  there  is  also  a 
very  large  export  trade  in  coal  which  has  greatly  m- 
oreased  smoo  the  repeal  of  the  duty,  in  1S45.  In 
1857,  coal  was  exported  of  the  declared  value  of 
3,210,6f)lf.  This  is  doubtless  an  advantage  for  ships 
that  might  otherwise  have  had  to  go  out  in  ballast, 
for  they  can  now  take  with  them  a  profitable  cargo. 
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Whether  this  lavish  expenditure  of  our  national  wealth 

is  rcprch(;iisiblc  or  not,  is  a  question  that  has  been 

\  I  ;  .  i!,i  1 1:  -"'  (  ussed  of  late  years,  and  has  even  been 

li  i  ,  it  of  parHamentaiT  inquiry.    The  gcne- 

I  II  i  I  hat  our  stores  of  coal  are  all  but  inex- 
1  ,-.;  I  i)i>  .  'iliis  opinion,  however,  as  Mr.  Sopwith 
justly  remarks,  "rests  wholly  on  assumed  data,  and 
not  upon  accurate  and  detailed  statistical  aceoimts, 
such  as  alone  could  warrant  a  confident  opinion.  Tins 
question  wiU  ere  long  become  a  subject  of  serious 
concern,  unless  some  measures  are  taken  to  found 
our  calculations  on  a  solid  basis.  It  is  an  easy  matter 
to  assimie  that  a  considerable  thickness  of  available 
coal  extends  over  hundreds  of  square  nules ;  but  the 
different  opmions  formed  by  men  of  the  highest  re- 
spectability and  talent,  strongly  prove  how  meagre 
and  unsatisfactory  are  the  only  data  on  wliich  their 
estimates  are  foiuided.  It  is  not,  however,  the  mere 
quantity  of  coal  that  is  to  be  considered.  Especial 
regard  must  be  had  to  its  quality,  depth,  thickness, 
extent,  and  position.  Many  of  the  uiferior  seams  can 
only  be  worked  in  conjimction  with  those  which,  by 
their  superior  quahty,  repay  the  expense  of  working 
tliem  at  depths  vaiymg  from  300  to  fiOO  yards  ;  and 
it  may  readily  be  conceivnl  i',  : 
coidd  not  be  profitably  raisr>! 
to  three  or  four  times  the  1m  I 
dral,  unless  the  price  of  suf  !i  mIi  r:< 
to  more  than  the  present  price  of  li 
It  is  not  the  exhaustion  of  mines, 
which  they  can  be  profitably  woi 
earnest  and  immediate  attention." 

The  Table  on  the  next  page,  from  the  valuable 
report  of  Sii-  H.  De  la  Beehe  and  Dr.  L.  Playfaii- 
(Mem.  Geo!  Sui-vey,  vol.  ii.),  contains  the  elementary 
analyses  and  economic  value  of  British  coals. 

Li  proceeding  to  notice  the  methods  of  obtaining 
the  coal,  and  the  general  economy  of  a  mine,  we  wiU 
fii'st  refer  to  the  collieries  of  Northumberland  and 
Duiliam,  as  exhibiting  the  most  perfect  an-angements 
that  have  yet  been  made  in  this  department  of  mining. 

The  first  operation  in  coal  muiiug  is  the  suiking  of 
a  shaft,  the  site  for  which  is  generally  determined 
by  the  previous  operation  of  boring.  The  shaft  is 
vertical,  and  is  made  to  pass  through  the  various 
strata  containing  the  coal,  and  thi'ough  as  many  of 
the  beds  of  coal  as  may  be  worth  working.  The 
shaft  is  either  cyUndrical  or  elliptical  in  form,  and 
from  10  to  15  feet  in  diameter.  To  prevent  the 
loose  strata  from  falUng  or  bemg  washed  in,  the 
upper  portion  of  the  shaft  is  bricked  or  walled,  and 
where  the  ground  is  weak,  this  casing  is  contmued 
down  to  the  solid  rock.  It  seldom  happens  that 
any  great  depth  can  be  reached  without  liberating 
springs  of  water,  which  sometimes  pour  into  the 
workings  in  such  cataracts,  that  to  continue  the 
excavation  seems  perfectly  hopeless.  The  water  is, 
however,  gradually  excluded  from  the  shaft  by  a 
skilfid  system  of  casing  or  tiMinij;  which  consists 
m  Uning  the  shaft  with  three-inch  boards,  fastened  to 
a  cu-eidar  wooden  framework  called  a  crib,  attached 
to  the  side  at  certain  distances.    Metal  cribbing  is 
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now  generally  prefei-red,  and  some  recent  shafts  tave 
been  completely  lined  with  a  strong  casuig  of  cast-iron 
to  the  depth  of  40  fathoms  (240  feet).  The  work, 
however,  coiild  scarcely  oe  proceeded  with  for  a 
single  hour  but  for  the  assistance  of  the  steam-engine, 
which  is  made  to  work  night  and  day  in  drawing  the 
water  from  the  shaft.     The  sinkiug  of  the  shaft  i«  > 


contmucd  mitil  the  first  workable  seam  of  coal  is 
reached,  and  the  depth  in  the  northern  coal-field  is 
rarely  less  than  25  fattoms  (150  feet),  and  is  usually 
much  more,  some  shafts  being  300  fathoms  (1,800 
feet) ;  and  an  expense  of  upwards  of  50,000/.  has 
often  been  incmTcd  before  the  seam  intended  to  be 
worked  is  reached. 
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When,  however,  this  desirable  object  has  been 
ftttaincd,  the  smking  of  the  shaft  is  discontuiucd,  and 
a  broad  straight  passage,  caReiabord  or  mother-gale,'^ 
is  driven  from  it  into  the  scam  of  coal  in  opposite 
directions.  This  bord  is  12  or  14  feet  broad,  and  of 
tiio  whole  height  of  the  seam,  so  as  to  expose  the 
rock  above,  which  is  now  called  the  roof,  and  also  the 
stratum  below,  which  fonns  the  thill  or  floor.  It  is 
also  necessary  to  drive  a  passage,  called  the  drip-head, 
dip-head,  or  main  level,  for  colleetiug  the  water  of  the 
mine.  Tliis  passage  is  not  usually  straight,  but  the 
object  is  to  preserve  thi-oughont  its  length  a  constant 
level,  so  that  the  water  may  coUcct  like  a  gutter 
along  one  side  of  its  floor.  This  galleiT-  fonns  the 
limit  of  the  colliery  in  the  direction  of  the  dip,  for 
it  bounds  the  area  drained  or  icon  by  that  shaft. 


rise  Cdlliery.  The  dircdi.™  of  tlie  liords  is  arranged 
so  as  to  follow  the  natural  cleavage  of  the  coal,  which 
forms  their  sides,  and,  consequently,  is  not  always  at 
right  angles  with  the  dip-head.  Wben  a  bord  has 
been  excavated  some  distance,  narrow  passages,  called 
headirai/s,  are  cbiven  from  it,  at  regular  intervals,  on 
both  sides,  and  exactly  at  right  angles,  if  the  uatm-al 
cleavage  of  the  coal  be  cubical,  as  it  generally  is; 
and  when  these  have  been  driven  8  or  10  yards, 
they  are  made  to  communicate  with  other  bords, 
which  are  opened  parallel  to  the  fu-st,  and  on  each 
side  of  it.  In  this  way,  the  bed  of  coal  is  entirely 
laid  open,  and  intersected  by  broad  parallel  passages. 


about  8  yards  apart,  commuuicatiug  with  each  other 
by  narrower  passages  or  headways,  wliich  cross 
them  at  right  angles,  and  also  traverse  the  whole 
extent  of  the  mine,  breaking  up  the  seam  into  im- 
mense squares  or  rectangular  pillars,  wliich  are  left 
standing  between  the  two.  In  this  slate,  a  coal  mine 
has  been  aptly  compared  to  a  regularly  bmlt  town, 
the  bords  being  the  principal  streets,  the  headways 
the  narrower  streets  which  cross  them,  while  the 
pillars  of  coal  form  the  masses  or  blocks  of  buildings 
When  the  two  cleavage  planes  of  the  coal  are  not  at 
riglit  angles,  all  the  blocks  are  rhomboidal,  and  much 
labom-  is  saved  by  following  the  natural  cleavages, 
which  are  usually  parallel  throughout  a  vast  extent 
of  country,  and  are  even  independent  of  the  eurva- 
tiu'cs  of  the  strata. 

As  the  pUlars  of  coal  which  are  left  to  support  the 
roof  form  frequently  as  much  as  thrce-fom'ths,  and 
never  less  than  one-third  of  the  whole  seam,  many 
methods  have  been  contrived  for  removing  them 
without  danger.  The  best  method  of  working  is 
that  called  panel-work,  by  which  the  mine  is  divided 
into  districts  or  panels,  separated  from  each  other  by 
walls  of  coal  forty  or  fifty  yards  thick.  The  coal  is 
extracted  from  each  in  succession,  beginning  usually 
with  the  one  most  distant  fi'om  the  shaft.  Large 
pillars  of  coal  are  first  left  between  the  bords  to  sup- 
port the  roof;  the  pill  r,  ill.  I  ..'-rx;,ro  then  removed, 
thereof  being  Slip]"  ■■    \  '•  i  liine  by  wooden 

props,  and  the  plafi\  ,         nccupy  the  situ- 

ation of  a  piUar  is  f;  !ii  A  a  ,  -'.  lu  lime,  the  jud  is 
removed,  and  then  the  unsupported  roof  of  the  mine 
falls  in.  The  heap  of  ruins  thus  occasioned  by  the 
successive  drawing  of  contiguous  juds,  is  called  a 
(/oaf.     Corresponding  with  this  heap  of  rocky  frag-- 


incuts,  and  produced  by  it,  is  a  cavity  m  the  mine, 
)ike  an  inverted  basin,  including  a  tliiu  belt  of  air, 
wliich  surrounds  and  partly  permeates  the  goaf.  This 
has  been  the  source  of  dangerous  accidents,  as  will 
be  noticed  hereafter. 

Fig.  573,  is  the  plan  of  one  stoiy  of  such  a  mine, 
in  which  the  panels,  aaaa,  are  not  entu-cly  laid  open 
by  galleries ;  h  b  are  laid  open,  but  no  piUars  as  yet 
removed;  mcc,  the  pillars  are  being  extracted  and 


the  roof  is  falling  in,  its  ruins  forming  a  goaf;  the 
panel  d,  is  entirely  worked  out  and  abandoned. 

When  the  prospects  of  the  mine  appear  to  be 
favourable,  another  shaft  is,  in  some  cases,  sunk  at 
R  short  distance  (perhaps  from  12  to  20  yards)  from 
the  tirst,  and  when  a  communication  has  been  esta- 
blished between  them,  one  is  made  the  dotcncast  and 
the  other  upcast ;  that  is,  the  air  necessary  for  the 
ventilation  of  the  mine  is  made  to  descend  the  down- 
cast shaft,  and  a  con'espondiug  stream  of  air  to 
ascend  the  upcast  shaft.  The  air  is  set  in  motion  by 
means  of  a  large  fire,  kept  constantly  bui-ning  in 
some  part  of  the  upcast  shaft.  A  portion  of  the  air  in 
contact  with  the  iire  in  tliis  shaft  undergoes  the  ordi- 
nary chemical  change  which  takes  place  in  atmospheric 
air  in  the  process  of  combustion,  and  is  decomposed : 
the  nitrogen  is  separated,  and  the  oxygen,  uniting 
with  the  carbon  of  the  fuel,  forms  carbonic  acid  gas. 
Both  these  gases,  as  well  as  the  portion  of  atmospheric 
air  wliich  remains  undecomposed,  being  heated,  are 
expanded,  and  occupy  a  proportionally  larger  space 
than  the  same  weight  of  common  atmospheric  air, 
and  are  hence  borne  upwards  in  a  strong  ascending 
cuiTcnt.  Now  if  a  free  communication  be  established 
between  the  two  shafts,  an  equal  current  must  at  the 
same  tune  descend  the  second  or  downcast  shaft  to 
fill  up  the  partial  vacuum  which  has  been  made  in 
the  first.  In  this  way  a  power  is  generated  capable 
of  forcmg  a  current  of  fresh  air  far  beyond  the  dis- 
tance to  which  any  mine  extends.  The  great  generator 
of  this  power  is  the  fire,  and  this  power  will  act  with 
a  force  and  steadiness  proportionate  to  the  degree  of 
heat  steadily  maintained  at  the  bottom  of  the  upcast 
shaft. 

■When  two  shafts  have  been  sunk,  and  a  horizontal 
road  or  communication  is  made  between  them,  the 


next  operation  is  to  carry  forward  a  mainwaj  from 
the  foot  of  each  shaft,  and  then  to  make  a  road  from 
the  extremity  of  one  mainway  to  the  extremity  of  the 
other.  If  a  door  be  now  placed  in  the  road  which 
leads  dii-ectly  from  the  foot  of  the  one  shaft  to  the 
foot  of  the  other,  the  air  cannot  then  pass  that  way, 
but  must  go  round  along  the  one  mainway  across  to  the 
other,  and  thus  to  the  foot  of  the  shaft  in  which  there 
is  the  fire,  up  which  shaft  the  current  must  ascend. 
To  whatever  distance  we  suppose  the  mainways,  the 
.•■Jdcways,  and  all  the  other  works  of  the  mine  to  be 
carried,  communications  may  thus  be  made  between 
them,  and  by  means  of  doors  properly  placed  the  cir- 
.  I'ation  of  the  air  may  be  conducted  and  guided 
■  ! .  u-h  them  to  any  extent,  and  in  any  direction  that 
1        be  desired.     Fig.  574,  will  show  the  principle  of 
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these  ventilating  arrangements.  The  arrows  indicate 
the  course  of  the  air  through  the  underground  pas- 
sages, from  the  downcast  to  the  upcast  shaft;  and 
the  lines  drawn  from  one  pillar  to  another  show  the 
trap-doors,  or  partitions,  which  prevent  the  current 
of  air  diverging  to  the  upcast  shaft  before  it  has  swept 
the  more  distant  workings. 

The  supplies  of  fresh  air  passing  into  a  mine  must, 
of  course,  vary  considerably.  In  the  Wallsend  col- 
liery they  vary  from  2,000  to  3,000,  and  occasionally 
3,800  cubic  feet  per  minute.  In  some  of  the  large 
workings,  the  air  has  to  traverse  many  miles  of  gallery 
before  it  reaches  the  upcast  shaft,  and  is  frequently 
twelve  hours  in  doing  so,  moving  at  the  ordinary  rate 
of  2  or  2J  feet  per  second.  Many  coal  mines  are 
worked  without  this  second  shaft,  its  place  being 
supplied  by  dividing  the  single  shaft  into  two  distinct 
portions,  by  means  of  an  air-tight  partition,  called 
a  brattice,  one  division  being  downcast,  and  the 
other  upcast.  The  larger  shafts  (those  15  feet  in 
diameter)  are  sometimes  divided  into  three  parts,  one 
of  which  is  used  for  raising  the  coal  to  the  surface, 
another  for  working  the  pumps  for  the  drauiage  of  the 
mine,  and  a  third  for  ventilation,  for  bringing  up  the 
air  that  has  passed  through  the  workings. 

The  arrangements  thus  far  explained  for  smking  a 
shaft  and  driving  gaUeries  into  one  seam  of  coal  being 
conducted  with  success,  the  sinking  of  the  shaft  is 
continued  to  a  second  or  third  seam.  Small  under- 
ground pits,  called  staples,  are  sunk  at  intervals  from 
the  workings  on  the  upper  seam  to  those  on  the  seam 
bftlow,  for  the  purpose  of  promotuig  ventilation.     In 


this  way  ar,  extensive  colliery  is  fonned ;  but  the 
regularity  and  uniformity  of  the  workings  are  liable  to 
be  greatly  disturbed  by  faults  and  local  accidents. 
For  example,  if  the  roof  be  of  hard  sandstone  and  the 
floor  of  soft  clay,  the  downward  pressure  will  tend  to 
force  up  and  displace  the  floor ;  tliis  is  called  a  creep. 
If,  on  the  contrary,  the  roof  be  soft,  it  will  sink  in  and 
form  what  is  caUed  a  crush  ■  and  if  both  roof  and  floor 
a  e     oderately  hir  I  a  id  tough  they  will  gradually 
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chol  ed  p  a  I  the  pillars  of  coal  aie  c  aeled  a  d 
rend  1  sd  ss  By  tie  ethodofwok  gnjach 
ho  a  creep  m  o  e  panel  is  p  evented   by  the 

thick  surrounding  walls,  from  spreading  into  the 
adjoining  panels. 

The  coal  is  excavated  by  a  set  of  men  nnmrd  /n'lm-s. 
They  commence  by  cutting  a  nan-ow  fissi.iv  In  .i„. 
lower  portion  of  the  coal,  next  the  thill  oil!' 
thendefiue  the  size  of  the  mass  intended  to  1 1.  \-,-  .. 
away,  by  cutting  deep  vertical  grooves  on  each  s 
the  bottom  fissure :  the  mass  is  then  broken  down  by 
driving  in  wedges,  or  by  the  force  of  gunpowdei 
latter  method  being  usually  adopted  in  the 
northern  mines.  A  hole  about  a  yard  deep  is  dialled 
near  the  roof,  and  the  cartridges  of  gunpowder,  called 
shot,  are  inserted.  Sometimes  two  or  three  shot 
inserted;  the  holes  are  filled  up  with  coal-dust,  and 
the  fuse  is  fii-ed.  By  this  means  from  60  to  80  o: 
tons  of  coal  may  be  brought  down  at  once.  The  coal 
is  put  into  baskets,  called  corves,  and  drawn  along 
the  tram-road  by  lads  cuM^d.  putters  as  far  as  the  prin- 
cipal galleries,  or  headways,  where  it  is  received  into 
wagons,  called  ro//("yi,  several  of  winch,  being  fastened 
together,  are  di-awii  by  a  horse  to  the  bottom  of  the 
shaft,  and  thence  raised  by  means  of  the  steam-engine 
to  the  surface  (see  Fig.  593).  The  small  coal  is  sepa- 
rated from  the  larger  by  being  passed  over  gratings  or 
ocreens,  usually  composed  of  bars  of  iron  half  an  inch 
apart,  mounted  in  a  frame-work  with  a  convenient 
slope,  so  as  to  allow  the  coals  to  slide  down  easily  into 
the  wagons  below.  The  small  coal  which  passes 
through  the  screen  is  cither  delivered  in  wagons  for 
immediate  sale,  oris  collected  into  heaps,  or  is  hoisted 
up  aud  passed  tlu-ough  screens  in  which  the  bars  are 
set  closer  together,  and  is  thus  sorted  into  roiif/h, 
small,  and  dust.  The  small  coal,  which  was  formerly 
burnt  to  waste  at  the  mouth  of  the  pit  at  the  rate  of 
about  a  million  tons  per  annum,  is  now  profitably  era- 
ployed  m.  making  coke  for  locomotive  engines,  iron 
works,  brewers,  &c.,  and  for  consumption  abroad.  It 
is  .also  a  curious  sign  of  the  times  that  in  some  col- 
lieries machinery  has  been  erected  for  cmshing  large 
co;d  into  small,  in  order  to  meet  the  increasing  demand 
for  coke. 

"  Pit  coal  is  produced  by  a  severity  of  labour,  and 
risk  of  personal  safety  to  the  miner,  which  the 
workman  of  no  otlier  occupation  is  exposed  to.     Tiie 


pitman  descends  200,  300,  and  sometimes  more  than 
500  yards  into  the  bowels  of  the  earth,  and  there 
traverses  subterranean  passages,  frequently  of  two  or 
three  miles  in  extent,  to  his  work;  where,  by  the 
gbmmering  of  a  small  candle,  or  more  imperfect 
lamp,  in  a  space  seldom  six  feet  high,  and  oftener  three 
or  four,  he  labours  in  a  stooping  posture,  sometimes 
lying  on  his  side  for  eight  or  ten  hours  together  in  ai 
1  pure  atmosphe  e  to  extiact  tl  e  mm»ral  wh  ch 
1  c  0  u  1  1  ifusi  o-  bgl  t  heat  riches  and 
I  ch  a  situation  often  without  a 
he  is  overtaken  by  dcsti  ction 
I  1  in  s  ch  ab  ndance  m  tl  e  i  ine 

1  ut  s  1  le  ily  explode  and  fill  the  pit 
■m  1  death  In  ai  nstant  and  m  +he  mo  t  feaif  U 
ma  uiei  he  is  seo  ched  and  si  nvelled  to  a  blackened 
mass  or  is  literally  si  attered  to  pieces  agau  st  the 
mggel  s  dcs  of  the  lune,  or,  if  o  t  of  the  la  ge  of 
this  terrible  piece  of  ordnance,  in  a  few  seconds  the 
after-damp  spreads  itself  in  every  diiection,  and 
poisons  brv.nul  rccovei-y  all  that  it  may  reach. 
li '" 'V  1'^  f'lo  frequently  to  deplore  these  fearful 

I  -  ,  ,,;,  arising  from  the  falling  in  of  the 

HA.i,  ;(iiJ  ihc  blasting  in  of  water,  are  not  peculiar  to 
coal  mines.  The  great  and  terrible  soiu'ce  of  danger 
which  distuiguishes  coal-muies,  and  especially  those 
of  the  great  northern  coal-field,  is  the  escape  of  large  • 
quantities  ai  fire-damp,  or  earburetted  hydrogen  gas, 
which,  mingling  with  the  air  of  the  mine  in  certain 
proportions,  forms  a  mixture  which  explodes  on  con- 
tact with  flame.  Tins  gas  is  vei-y  much  lighter  than 
common  air,  mingles  readily  with  it,  and  when  pom-ed 
out  into  the  workings,  moves  along  with  the  venti- 
lating current  in  the  dii'ection  of  the  upcast  shaft. 
The  quantity  of  gas  thus  pbui'ed  out  is  very  con- 
siderable, but  subject  to  great  variation,  some  seams 
being  more/(?/y,  or  full  of  gas,  than  others  ;  and,  in 
working  these  fiery  scams,  it  is  not  uncommon  for  a 
jet  of  inflammable  i;,i~  f  >  i  -n^  fr-Mn  i\rry  hole  made 
for  the  gmipowdcr  II  '  '  '.  '  •':•■■-.  1h  it,  in  addition 
to  this  constant  siu  ,  H^rr  of  sudden 

discharges  from  cav i 1 1  (  -  m  i!..  i  n::'i,  Iml  open  by  the 
hewer's  pick-axe.  The  gas  issues  from  these  canities 
with  considerable  noise,  and  forms  what  is  termed  a 
blower.  These  blowers  are  sometimes  so  constant  in 
their  action,  that  the  gas  is  collected  and  conveyed 
by  a  tube  into  the  upcast  shaft,  contmuing  for  months 
or  years  to  pour  out  hnndi-cds  or  thousands  of  hogs- 
heads of  fire-damp  per  minute.  When  thus  provided 
for,  the  blowers  are  not,  necessarily,  a  source  of 
danger;  but  when  one  of  the  reservoii-s  containkig 
the  pent-up  gas  of  centuries,  and  consequently  under 
ormous  pressure,  is  suddenly  broken  open,  the 
set  free  in  torrents,  and,  mingling  -nith  the  air 
of  the  mine,  forms  an  explosive  mixture  which  the 
first  spark  or  naked  flame  may  ignite,  and  thus  cause 
fearful  destruction  both  of  life  and  property.  Nor  is 
the  explosion  itself  always  the  thing  to  be  dreaded 
for  the  ignition  of  the  fire-damp  kindles  the 
coal-dust,  which  always  exists  in  great  quantities  in 


the  passages,  and,  in  a  moment,  causes  the  nime  to 
glow  like  a  famaoe.  This  coniiagratiou  is  necessarily 
succeeded  by  vast  volumes  of  carbonic  acid,  or  choice- 
damp,  as  it  is  emphatically  called,  from  its  suffocating 
character,  and  this  destroys  those  whom  the  explosion 
had  spared. 

It  was  to  guard  against  the  explosion  of  fire-damp, 
that  Sir  Humphry  Davy  invented  hib  safety  lamp. 
Fig.  570,  a  beautifid  and  simple 
contrivance,  consisting  merely  of 
a  common  oil  lamp,  the  flame  of 
which  is  completely  enclosed 
within  a  cylinder  of  wii-e  gauze, 
which,  as  ahcady  explamed  in 
our  article  Candle,  will  not 
admit  of  the  passage  of  flame; 
so  that  although  the  lamp  be 
introduced  into  an  explosive 
mixture,  the  flame  will  not  pass 
tlu-ough  the  gauze  to  igmte  it. 
Of  com-se,  the  efficacy  of  the 
lamp  depends  on  the  soundness 
of  the  wire  gauze,  for  if  this  be 
broken  and  injured,  the  flame  is 
not  protected ;  or  if  the  lamp 
be  moved  swiftly  through  an 
explosive  atmosphere,  the  flame 
Fiy  57S.  THE  DVTv.  g^^y  ijg  ^QTiyij  against,  and  even 
through  the  meshes  of  the  gauze,  and,  in  either  case, 
might  lead  to  an  explosion.  Wlien  the  Ump  bums 
in  an  atmosphere  highly  chai-ged  with  fire-damp,  the 
gas  gets  within  the  meshes,  and  bums  with  a  blue 
flame,  which  heats  the  wire  gauze  to  redness.  Even 
tliis  state  of  the  lamp  will  not  produce  an  explo* ' 
but  of  couise  it  was  nevei 
tended  that  the  ^v  orkman  should 
go  on  working  with  the  lamp  in 
this  state.   The  blue  flame  with- 


the  nature  and  extent  of  fiic-d.unp  contained 
at  the  moment  in  the  atmosplieie  of  Uie  mine.  The 
flame  of  the  lamp  being  suuouudcd  by  a  glas^ 
cyluider,  prevents  any  blown  or  unmixed  fiic-d,uup, 
or  strong  currents  of  fire-damp,  ho\ie\er  explosive 
or  dangerous,  from  coming  in  direct  contact  with  the 
flame,  nor  can  the  pitman  unscrew  it  for  the  pnipose 
of  lightmg  his  pipe.  From  too  great  leliaucc,  in  all 
the  safety  lamp,  from  neglect,  and  from 


expectations  of  those 
experienced  men  iion 
proved  methods  of  \( 
for  bghting  the  mine: 
lation  now  ui  commor 
the  following  details. 
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foi  the  ascending  and  dctfindin^  cuiicnts  :  and  as  il 
is  not  safe  for  the  men  to  be  ever  more  than  a  few 
yards  in  advance  of  the  course  of  the  cuircut,  they 
begui  working  the  seam  with  two  parallel  boids,  con- 
nected at  intervals  by  cross  passages,  which  are 
successively  stopped  by  wooden  partitions,  c  c  c, 
leaving  no  commiuiicatiou  except  through  the  one 
last  opened,  or  that  which  is  furthest  from  the  shaft. 
Temporary  partitions  are  also  placed  at  dd,  to  dii-ect 
the  cui-rcnt  to  the  very  spots  where  the  men  are  at 
woik,  as  at  ww.  When  the  workings 
advanced,  the  direction  of  the  cm  rent  through  eveiy 
part,  by  stoppings  or  partitions,  becomes  a  matter  of 
no  small  complexity,  as  will  be  seen  by  the  plan 
X\^  579,  where  the  arrows  represent  the 
till  air  from  the  downcast  shaft,  a,  through  all  the 
Ucries  to  the  upcast  ihaft,  i.    It-nillbcsi 


ih  Iiic  damp  at  the  explodmg 
lilt,  becomes  greitly  cxpind 
td  in  volume,  and  pT^scs  off 
m  safety  It  gives  a  better  light  thin  the  Pavy,  and 
burns  for  a  longer  time  When  the  flame  is  ex 
tinguished  by  fiie  damp,  the  blue  flame  m  the  whole 
cylinder   disappeais  quietly,   thus  indicating  to  the 


parallel  bords  ;  this  is  called  double  coiasuj,  nnd  its 
advantage  is,  that  if  any  part  of  the  mine  is  more 
ficiy  01  dm^cious  than  the  lest,  the  curicnt  can 
theie  be  confined  to  one  course,  and  thus  ha\e  its 
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Telocity  doubled ;  while  in  the  parts  contaitiing  least 
gas,  the  same  current  can  be  allowed  to  expand  into 
three  passages,  which  is  called  treble  coursing.  The 
double  stoppings  in  Fig.  579,  represent  those  in  which 
doors  of  communication  are  required.  These  are 
made  in  pairs,  in  order  that  a  person  may  pass  through 
them,  as  a  barge  through  a  canal  lock,  without 
allowing  the  main  bodies  of  air  to  communicate.  To 
ensure  this,  they  are  sometimes  made  even  treble, 
and  a  boy  is  placed  in  charge  of  each  pair  or  set  of 
three,  whose  duty  it  is  to  prevent  them  from  being 
aU  opened  at  once. 

As  it  is  not  safe  to  allow  the  foul  air  from  the  more 
fiery  parts  of  the  mine  to  come  in  contact  with  the 
fire  at  the  bottom  of  the  upcast  shaft,  which  sets  the 
whole  ventilating  current  in  motion,  it  is  usual  to 
divide  the  air,  as  it  enters  the  mine  by  the  shaft  a, 
into  two  distinct  currents,  one  of  which  proceeds 
through  the  passages  ee  into  the  safe  parts  of  the 
mine  oidy,  while  the  other,  cc,  circulates  through  the 
fiery  parts  represented  by  the  lighter  shade,  incbiding 
the  goafs,  or  old  abandoned  workings,  which  are 
always  the  most  dangerous  receptacles  of  gas.  The 
purer  current  alone  is  allowed  to  pass  tlirough  the  fur- 
nace/before entering  the  npcast  shaft  b.    The  other 
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upcast    shaft, 
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current,  and  a 

the  purer  current,  feeding  tlie  furnace,  which,  when 

thus  constructed,  is  termed  a  dumb  furnace. 

In  the  Hetton  colliery,  in  wliich  there  are  two 
seams  now  worked,  and  one  that  has  formerly  been 
worked,  there  are  two  downcast  shafts  and  one  upcast, 
the  former  about  12  feet,  and  the  latter  14  feet  dia- 
cicter.  Tliere  are  three  furnaces  at  the  bottom  of 
the  upcast,  each  about  9  feet  wide  and  about  4  feet 
length  of  grate-bars.  The  depth  of  the  upcast  and 
one  downcast  is  150  fathoms;  and  of  the  other 
downcast  176  fathoms.  The  quantity  of  air  intro- 
duced into  the  mine  by  the  action  of  these  furnaces 
was  168,850  cubic  feet  per  minute,  at  a  cost  of  about 
eight  tons  of  coal  per  day.  The  rate  of  motion  of 
the  air  was  1,097  feet  per  minute.  This  whole 
current  is  divided  by  splitting  into  sixteen  cun'ents, 
of  above  11,000  cubic  feet  per  minute,  ha^ong  on  an 
average  a  com-se  of  4^  miles  each.  This  distance  is, 
however,  irregular;  the  greatest  length  of  course 
being  O-i^oth  miles.  The  efiective  velocity  of  the 
current  in  the  actual  workings  of  the  mine  is  much 
cheeked  by  the  multiplication  of  passages,  friction, 
and  other  causes,  and  is  thus  reduced  to  from  3  to  5 
feet  per  second ;  the  smaller  quantity  beuig  about  the 
tnaximun.  rate  attiuiialle  by  ihe  uat'j-il  ciiiTcut  in  a 


small  mine,  where  there  will  generally  be  from  1  to  S 
feet.  It  is  estimated  that  the  minimum  quantity  of 
fresh  air  required  for  the  support  of  life  in  a  mine  is 
about  15  or  IS  cubic  feet  per  minute  for  each  man 
employed." 

The  goafs,  or  abandoned  workings,  are  sometimes 
of  vast  extent,  and  are  known  to  occupy  from  thirteen 
to  ninety-seven  acres  of  ground.  ITiey  may  be  com 
pared  to  enormous  inverted  bowls  or  basins,  in  wliicli 
the  inflammable  gas  from  various  parts  of  the  mine 
accumiUates,  and  from  its  lightness  occupies,  at  first, 
the  upper  part  of  the  goaf :  as  it  increases  ir  quautity, 
i  or  even  as  the  atmospheric  pressure  diminishes,  it 
may  suddenly  fill  the  goaf  and  issue  from  its  lowest 
edge  as  from  the  edge  of  an  inverted  bowl,  and, 
mingling  with  the  air  of  the  mine,  form  an  explosive 
mixture,  thus  giving  rise  to  many  sad  accidents. 
I  Such  appears  to  have  been  the  origin  of  the  explosion 
I  in  Haswell  coUiery,  Durham,  in  September  1844, 
by  which  ninety-five  persons  perished.  Dr.  Faraday, 
who,  in  conjunction  with  Sir  Charles  Lyell,  visited 
the  mine  after  the  accident,  -with  a  view  to  devise 
some  remedy  against  the  recurrence  of  similar  acci- 
dents, recommended  that  the  goaf  itself  be  ventilated. 
He  thought  it  would  not  be  desirable  to  attempt  this 
by  driving  the  contents  of  the  goaf  through  any  parts 
of  the  mine  which  are  occupied  by  human  beings ; 
but  that  the  goaf  cavity  might  be  exhausted  of  noxious 
air  by  means  of  a  pipe,  rising  as  high  as  possible,  from 
four  to  eight  or  ten  feet  into  it,  and  communicating 
at  its  other  extremity  with  the  upcast  shaft. 

Some  interesting  remarks  respecting  this  explosion, 
and  on  the  ventilation  of  coal-mines,  were  made  by 
Dr.  Faraday,  at  the  Geological  Section  of  the  British 
Association,  in  1845.  Dr.  Faraday  remarked,  that 
the  more  he  pursued  the  inquiry  into  the  means  of 
preventing  such  accidents,  the  more  he  was  dis- 
heartened at  the  apparent  hopelessness  of  finding  out 
any  good  general  remedy.  The  explosions  were  not 
simply  the  effects  arising  from  the  mixture  of  gases, 
but  from  the  combustion  of  the  coal-dust  and  coal-gas 
wliich  the  first  explosion  made.  In  the  fatal  case  at 
HasweU,  the  place  where  the  accident  originated  had 
been  ascertained,  and  the  progress  of  the  fire  could 
be  traced  on  the  scorched  beams  and  props  of  the 
galleries,  and  by  the  deposits  of  coke  made  from  the 
coal-dust  which  the  explosion  raised.  To  this  circum- 
stance the  great  force  of  the  explosion  was  due,  and 
not  to  the  first  escape  of  gas.  A  sunUar  explosion 
had  been  known  to  take  place  in  a  cotton-wadding 
manufactory,  the  whole  atmosphere  of  the  place  being 
fired  by  means  of  the  particles  of  cotton  in  it.  Of  all 
the  workmen  killed  in  the  Haswell  accident,  perh  ips 
not  one  was  really  burnt  to  death,  but  sufi"ocate.l  by 
the  choke-damp.  In  one  part  of  the  workings,  the 
explosion  had  produced  sharp  vibrations,  like  the 
firing  of  gunpowder;  and  in  another,  the  burning 
went  on  slowly,  like  a  common  fire.  But,  althougli 
two  panels  were  blown  into  one,  and  solid  stoppings 
cf  brickwork  thro^-n  down,  there  was  no  indication 


of  accident  in  tlic  sliaft.  If  the  stoppings  had  not 
been  blown  down,  and  the  supply  of  ;ur  had  continued, 
the  mine  would  have  taken  fire,  and  tlie  men  been 
burnt  instead  of  choked.  Since  the  late  investigation, 
many  hundred  plans  had  been  submitted,  urging  ill- 
considered  and  contradictory  measm-es.  Every  part 
of  the  Haswell  CoUiery  had  been  examined,  ac 
panied  by  the  mine-viewer,  and  recommendations  had 
been  received  from  the  best  informed  men  on  the 
spot ;  and  they  were  convinced  that  the  conditions 
under  which  such  accidents  happen  were  so  variable, 
that  no  general  practical  rule  could  be  obtained.  Far 
more  information,  however,  was  required.  The  plan 
of  splitting  the  air  courses  was  good,  as  far  as  the 
power  of  the  upcast  shaft  admitted ;  but  if  carried 
too  far,  it  would  produce  stagnant  points,  which  could 
not  be  prevented  by  any  arrangement  consistently 
with  the  ever-moving  condition  of  the  works.  The 
abolition  of  the  use  of  gunpowder  and  lighted  candles 
would,  in  some  cases,  double  the  price  of  coals.  But 
the  great  source  of  danger  was  the  mental  condition 
of  the  miners.  With  regard  to  the  present  race  this 
was  so  hopeless  that  nothing  could  be  done  for  them. 
Although  smoking  was  strictly  forbidden,  they  had 
been  known  to  contrive  to  light  their  pipes  in  dan- 
gerous workings  even  from  the  Davy  lamp;  and 
Dr.  Faraday  had  himself,  on  one  occasion,  sat  down 
with  an  open  candle  to  watch  the  preparations  for 
blasting,  and  when  he  inquired  for  the  gunpowder, 
was  told  he  was  sitting  on  it.  Dr.  Faraday  expressed 
his  opinion  of  the  safety  of  the  Davy  lamp  when 
properly  used,  and  of  its  being  a  complete  and  prac- 
tical contrivance,  to  which  he  would  willingly  trust 
his  own  life,  as  he  had  already  done  on  many  occasions. ' 
Various  other  contrivances  have  been  made  for 
promoting  the  ventilation  of  the  northern  coal-mines. 
In  some  cases,  towers  or  chimneys  have  been  buUt 
over  the  upcast  and  downcast  shafts,  with  large  cowls 
turned  by  vanes,  as  in 
Fig.  581,  so  that  one 
may  always  present  its 
mouth  and  the  other  its 
back  to  the  wind.  Mr. 
]^runton  proposes  to  ven- 
tDate  collieries  by  a  modi- 
fication of  the  fan,  for 
which  purpose  immedi- 
ately   over    the    upcast 

'■'■'■''    '     '    '  ' '  ■'•      shaft    is    constructed   a 

hollow  drum  with  lailiiil  compartments,  through 
which  the  air  is  discharged  with  a  degree  of  force 
due  to  the  velocity  with  which  the  drum  revolves. 
The  di-um,  shown  in  section.  Fig.  5S2,  is  22  feet 
in  diameter,  with  radial  compartments,  EC,  each 
6  feet  long,  and  revolving  180  times  per  minute. 
"  Takmg  16  feet  as  the  mean  diameter  of  the  com- 
partments, the  centrifugal  force  at  180  revolutions 
will  be  88.5,  which,  multiplied  by  the  weight  of  6 
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cubic  feet  of  air  (=  i 
a  pressure  of  39  lbs.  on 
the  square  foot  as  the 
amount  of  rarefaction 
produced,  which  is 
much  beyond  what  is 
obtained  by  the  fur- 
nace. If  driven  to  210 
revolutions  permiuute, 
it  would  produce  a  i-u  5s2. 
rarefaction  of  upwards  of  501bs.  on  the  square  foot ; 
or,  unconnected  with  any  lengthened  air-course  {i.  e. 
mere  displacement),  it  would  discharge  more  than 
800,000  feet  in  a  minute."  This  fan  is  very  simple 
in  construction;  it  moves  in  a  well-oiled  foot-pivot, 
and  when  at  rest  offers  no  resistance  to  air  ascend- 
ing from  the  pit.  By  connecting  such  an  apparatus 
with  a  12-horse  steam-engine,  the  ventilation  of  the 
mine  may  be  suddenly  and  powerfully  increased; 
but  for  common  use  one-third  of  that  power  may 
be  suflicient.  In  a  trial  made  with  this  apparatus 
at  Gelly  Gaer  Colliery,  the  rarefaction  mamtained 
in  the  upcast  shaft  was  equal  to  2|  inches  of  water, 
or  13 lbs.  on  the  square  foot:  this,  of  course,  pro- 
duced a  strong  current  through  the  workings  of  the 
colliery,  one  of  the  air-ways  of  which,  20  yards  long, 
has  a  mean  area  of  only  9^  superficial  feet;  yet 
such  was  the  power  of  the  machine  that  18,000  cubic 
feet  per  minute  were  propelled  through  this  passage 
at  a  velocity  of  32  feet  per  second,  and  afterwards, 
in  its  way  to  the  upcast  pit,  through  an  openmg  of 
only  4  superficial  feet  area,  at  a  velocity  of  70  feet 
per  second.  By  stopping  the  air  in  the  downcast 
shaft,  and  setting  the  fan  in  motion,  the  whole  of  the 
colliery  was  subjected  to  a  rarefaction  equal  to  a 
sudden  fall  of  the  barometer  of  about  two-tenths  of 
an  inch.  This  diminished  pressure  coidd  be  canied 
to  a  much  greater  extent,  so  as  to  draw  off  the  fire- 
damp from  the  goaves  and  fissures,  dui'ing  the  absence 
of  the  workmen  and  then-  lights. 

The  direct  agency  of  steam  has  also  been  success- 
fully employed  by  Mr.  Goldsworthy  Gurney  in  the 
ventilation  of  a  mine.  Instead  of  a  fire  at  the  bottom 
of  the  upcast  shaft,  a  higii-pressure  steam-boiler  is 
constructed,  from  which  the  steam  issues  in  jets, 
heats  the  column  of  air  in  the  shaft,  and  expels  the 
whole  column  with  great  force,  whereby  a  rush  of 
air  to  supply  its  place  is  immediately  made  from  the 
galleries  of  the  mme.  The  high-pressui-e  jets  thus 
act  as  a  force-pump  in  front,  producing  compression, 
and  as  a  draw-pump  behind,  producing  exhaustinn. 
In  fact,  the  power  of  producing  exhaustion  is  quite 
remarkable,  and  promises  to  be  of  the  greatest  im- 
portance in  the  ventilation  of  coal-mines. 

Next  in  importance  in  England  to  the  Northei-n 
coal-field  is  the  South  Staffordshii-e  coal-field.  This 
is  encircled  on  all  sides  by  the  new  red  sandstone 
formation ;  the  coal-measures  at  the  Line  of  junction 
being  usually  broken  suddenly  off  by  faults,  whereby 
the  strata  are  brought  up  against  the  new  red  sand- 
stone, the  remaining  portion  of  ihem  being  continucj 
beneath  it  to  an  unknown  c.\lcut.     This  is  proved  tn 


be  the  case  at  West  Bromwicli,  aud  at  Kmg's  Swinford, 
as  Eliovvii  at  both  the  eastern  and  western  limits  of 
the  field.  (See  section,  Pig.  5S3.)  This  iield  forms 
an  irregular  oblong,  bounded  on  the  east  by  a  line 
running  from  West  Bromwicli  on  the  new  red  sand- 
stone, by  Walsall,  on  the  Wenlock  limestone,  and 
continued  westward  of  Lichfield  to  near  Rugelcy, 
where  it  comes  to  a  point,  the  western  boundary 
running  thence  nearly  south  by  C'aunoek  and  AVolver- 
hampton  to  Stom-bridge ;  the  southern  limit  bemg 
nearly  coincident  with  the  straight  line  drawn  from 
Stourbriilge  to  Hales  Owen,  and  continued  till  it  cuts 
the  line  of  the  eastern  boundary,  prolonged  in  a 
southerly  direction.  Its  extreme  length  is  21  miles, 
and  its  general  breadth  from  6  to  7,  thus  forming  a 
mere  speck  on  the  map ;  but  from  its  enormous  stores 
of  mineral  wealth,  and  the  consequent  density  of  its 
))opulation,  superior  in  importance  to  any  other  tract 
of  equal  extent  in  the  kingdom. 

"  In  traversing  much  of  the  country  included  within 
the  above-mentioned  boundary  of  red  sandstone,  the 
traveller  appears  never  to  get  out  of  an  interminable 
village,  composed  of  cottages  artd  very  ordinary  houses. 
In  some  directions  he  may  travel  for  miles,  and  never 
]>r  iii;i  f>f  -''■].]  nf  lllllll^^lin^  two-storicd  houses ;  so 
r    ■      .  Is  and  mortar  must  be 

1  .       I  :   I   the  most  part,  are  not 

:iii,i>i_(,l  111  TMhi  iiiii.ii,  •iiri'is,  but  are  interspersed 
with  blazing  furnaces,  heaps  of  burning  coal  in  pro- 
cess of  coking,  piles  of  ironstone  calcining,  forges, 
pit-banks,  and  engine-chimneys ;  fhe  country  being 
besides  intersected  with  canals,  crossing  each  other 
at  various  levels,  and  the  small  remaining  patches  of 
the  surface-soil  occupied  with  irregidar  fields  of  grass 
or  com,  intermingled  with  heaps  of  the  refuse  of 
mines,  or  of  slag  from  the  blast-fumaces.  Sometimes 
the  road  passes  between  mounds  of  refuse  from  the  pits 
like  a  deep  cutting  on  a  railway ;  at  others,  it  runs 
bkr  a  cimscway,  raised  s.ime  feet  above  the  fields  on 
,■]■'.  .  ■~:.\r,  \.\.[rU  \'  \.  -Mii-hh'i  i:y  iVr  r\cavation  of 
1  '>■:',   ,,      i      .  ,'  ■!.      111.',..,.  ■.-iTving  that 

a.-;.Lil  t!:i  lL;'.  Li  li'  il  wj'.iLl  liLl  L'L  iLi>airrd;  to  which 
he  replied  that  they  were  stUl  working  the  coal  beneath 
it,  aud  that  they  would  probably  wait  to  see  if  the 
road  woidd  not  right  itself  by  sinking  on  the  opposite 
side,  and  so  become  level  agam.  The  geologist  would 
find  no  country  more  instmctive  for  the  study  of  the 
subsidence  of  di-y  land.  The  whole  country  might  be 
compared  to  a  vast  rabbit-wan-en.  It  is  a  matter  of 
evcry-day  occurrence  for  houses  to  fall  down,  or  a  row 
of  buildings  inhabited  by  numerous  families  to  assume 
a  veiy  irregular  outline,  from  what  they  call  a  s!caff, 
caused  by  the  sinking  of  the  ground  into  old  workuigs. 
It  is  oft«n  a  serious  matter  to  find  a  sound  site  for  a 
church  or  school-building.  .  .  There  is  an  instance  in 
the  parish  of  Sedgley  of  a  church  and  parsonage-house, 
recently  erected,  composed  of  wooden  framework, 
wliich  will  admit  of  their  being  screwed  up  into  the 
perpendicular  again  whenever  they  may  be  thrown 
out  of  it.  Cellars  beneath  dwelUng-houses  are  occa- 
sionallv  filled  \^•ith  choke-damp,  arising  from  old  work- 


iugs,  fo  a  (Itgice  tint  makes  it  dingc 
them.     On  one  orcasion,  a  fjeiitlemui 


perliaps  I  was  uot  iwart  thxt  thi,  slqib  by  which  I 
entered  his  house  (in  a  town)  v.eie  built  on  an  aicli 
coveriug  the  mouth  ot  an  old  coal  pit  Eaily  potatoes 
for  the  London  nniket  aie  laited  m  giound  un 
Dudley,  heated  bj  steam  and  smoke,  -svhich  proc 
from  an  old  coUieiy  which  has  been  on  file  ioi  m  i 
years,  and  which  may  be  observed  burstmg  thiou^l 
the  crevices  of  the  lock  on  tlie  side  of  the  load  close 
to  the  town."  ' 

The  geological  features  of  this  foimation  have  been 
d.n-il.ipfil  l,v  s  I  1  T  Ml  1  s  m  Ills  magnificent 
V   1'      ■!    '^  II    11  Ion,  1839,) 

^li    .  ; iih.  I  litidm  South 

^Vaics,  liic  cuui,ti>  ot  tiie  lucRui  i  i  lui,  the  teun 
Silurian  System  has  been  applied  to  them  By  me  ins 
of  these  researches  the  impoitant  fact^n  is  deteimincd 
that  the  Dudley  bmestoue  is  an  isolated  piotiusion  of 
two  Silurian  limestones,  and  not  a  poition  of  the 
carboniferous,  or  mountain  limestone,  to  which  its  posi 
tiou,  rising  immediately  as  it  does  from  below  the  co  il 
nieasui-es,  had  caused  it  to  be  referred.  "  Notwith- 
standing that  this  field  contains  the  thickest  seams 
of  coal  in  England,  its  associated  strata  are  of  very 
small  dimensions  compared  with  the  equivalent  series 
in  other  parts  of  the  kingdom.  The  millstone  grit  is 
scarcely  represented;  and  the  mountain  limestone, 
the  usual  base  of  the  system,  as  well  as  the  old  red 
sandstone,  are  entirely  absent.  The  absence  of  these 
formations  aud  the  immediate  contigiuty  of  the  coal- 
measures,  and  the  Dudley  or  Wenloek  limestone,  one 
of  the  Silurian  rocks,  constitute  a  remarkable  and 
important  character  of  tliis  coal-field.  These  ancient 
Silurian  rocks,  however,  the  real  substrata  of  this 
coal-field,  instead  of  appearing  in  the  regular  order 
of  their  superposition,  rise  up  irregularly  like  islands 
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thioiigli  the  coal  measures  near  Dudlcv  md  Scd.;lej 
and  loim  the  eastern  boundaiy  of  the  held  ntai  \\  d 
sail  "  (See  the  general  section  across  the  held.  Fig 
5S3) 

llie  Silmian  system  forms  a  complete  succession 
of  fossilifeious  stiati  mteipolateiJ  between  the  old 
led  sandstone,  and  the  oldest  slaty  locks  It  consists 
of  foui  pitncipd  divisions,  beginning  with  the  moie 
leeent  1,  the  Ludlow  or  Sedgely  limestone ,  2,  the 
^^eukck  01  Di11l\  \\\\\  !  11  hnu stone,  3,  the 
Cii    I  1  1        hloilags     This 

sli  I    Luesoffoima 

\  ist    Lii  11  btcm,  and  thus 

the  cool  meibuitb  oi  Luglml  aie  usually  mchided 
bct^vccn  the  two  gieat  led  coloured  systems  of  locks, 
\iz  — the  old  icd  sandstone,  below,  and  the  new  led 
sindstone,  above  them  This  list  system  begins  im 
mediately  below  the  has  in  a  descending  seiies,  with 
1,  Salifeious  mails,  2,  Red  sandstone  and  quaitz  on 
conglomeiate,  3,  Calcnieous  conglomei  ate  expanded 
in  Duiham  into  the  magnestan  limestone ,  4,  Ln\\  ei 
new  red  sandstone,  which  immediately  ovcihcs  tlie 
coal  measures  The  gieat  thickness  of  these  lowei 
sindstones  was  pioved  m  the  piiish  of  West  Biom 
•nich  by  sinking  thiough  them  to  the  cod  "  llicse 
■norkiuga  descend  thiough  a  \  lutty  ot  icd  sprltul 


rf  ( 
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I   by 

I  1         n  uiug 

Irtn  piL\i  1  ly  i«;ceitamcd  1  ;j  beiin^jS  can  1  down 
to  a  depth  of  more  than  700  feet  below  the  sniface, 
they  and  the  lowei  beds  hai  e  smce  been  reached  by 
sinkings,  and  are  now  m  full  \ioik  The  success 

of  tlie  attempt  was  deiided  by  many  of  the  mmeis  of 
the  adjacent  coal  field,  it  having  been  till  veiy  leccntly 
the  pic  akit  kliff  (hit  flis  icl  sandstone  cutucly 
cut  oil  tl  1  II  luld  nc\ci  be 

'  0  I  (o-nhieh  that 

part  of  the  litld  wXosXi  cunt  ims  the  ten  yaid  coal  has 
been  subjected,  -nhethei  by  the  uphe'^ving  of  the  trap 
and  Sdurian  locks,  oi  by  gieat  dislocations,  the  same 
measures  are  reached  at  veiy  various  levels  in  different 
localities.  Thus  in  some  situations  shafts  are  sunk 
through  shale  and  clvmeh  with  bands  of  sandstone  to 
depths  exceeding  100  yards  before  traces  of  coal  are 
met  with ;  while  in  many  collieries,  as  near  Wednes- 
bury,  all  the  overlying  scams  of  coal  aud  coal-smut 
which  connect  the  coal  measures  with  the  lower  new 
red  sandstone  have  been  removed,  or  have  tliiunod 
out,  and  the  ten-yard  coal  rises  at  once  to  the  surface. 
It  was  this  natural  out-crop  of  the  thick  coal  which 
led  our  ancestors  to  work  it  in  open  quan'ics.  It  has 
been  stated  that  the  lower  coal  and  iron-stone  mea- 
sures crop  out  from  under  the  ten-yard  coal,  and  ex- 
tend into  the  great  "Wolverhampton  field.  In  their 
spread  to  the  north,  however,  these  strata  assume  very 
different  characters  from  those  which  they  possess 


when  they  underlie  tlie  tliick  coal  in  (lie  portion  of 
the  field  south  of  Bilston  and  Wediiesbury.  In  most 
of  the  works  which  have  hitherto  been  established  in 
the  region  of  the  ten-yard  coal,  three  courses  only  of 
workable  iron  ore  have  been  ascertauied ;  whilst  in 
the  Wolverhampton  district  six  valuable  bands  are 
wrought.  By  a  band  is  meant  one  of  those  groups 
of  concretions  in  which  two  or  more  courses  of  iron 
ore  are  often  sepai'ated  from  each  other  by  shale  or 
clunch." 

The  operations  of  getting  out  the  ten-yard  coal, 
which  is  peculiar  to  South  Staffordshire,  will  be 
understood  from  the  following  description,  and  by 
referrmg  to  tbe  large  engraving. 

The  first  class  of  labourers  are  the  holers,  seen  at 
work  in  the  centre  of  the  picture.  These  men  under- 
mine, or  make  a  hole,  under  the  mass  of  coal,  by 
cutting  out  with  light  picks  the  bottom  measures, 
building  up  small  supports  called  cogs  of  stone  to 
support  the  mass  of  coal  under  which  they  are  at  work. 
A  sufficient  extent  of  coal  having  been  thus  under- 
mined, they  next  cut  upwards  a  cavity  between  the 
mass  of  coal  which  is  intended  to  fall  and  that  which 
is  intended  to  stand,  as  a  pillar  to  support  the  roof 
of  the  mme.  This  cuttmg,  or  separating  the  coal 
from  the  pillars,  must  be  performed  on  both  sides  of 
the  mass  which  is  to  be  let  fall,  and  also  at  the  end 
where  it  joins  on  to  the  remaining  solid  mass.  The 
mass  is  not,  however,  completely  separated  from  the 
pillars,  but  small  supports,  called  spurns,  are  stiU  left, 
which  connect  the  mass  to  be  thrown  down  with  the 
pillars.  The  coal  is  cut  through  until  the  parting 
is  reached  which  forms  a  natural  division  of  tbe  lower 
measure  from  the  next  above  it ;  or  sometimes  two 
measures  are  cut  through  at  once,  but  always  to  a 
natural  parting,  the  cutting  bemg  made  perpendicu- 
larly up  the  face  of  the  pillar,  but  any  shape,  so  as  just 
to  admit  the  pick  and  tbe  arms  of  the  workmen  on  the 
side  of  the  coal  to  be  thrown  down,  so  that  a  vertical 
section  of  the  cutting  would  present  the  appearance 
shown  in  fig.  5S5.     After  the  cutting  is  completed 
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and  the  men  have  withdrawn,  the  most  skilful,  armed 
with  a  long  pricker,  cuts  and  tears  away  the  spurns 
and  the  cogs,  when  the  mass  of  several  tons  falls 
toerether.  In  this  way,  after  holing  out  the  under 
part  oi  tlie  coal,  all  the  rest  of  the 
brought  down  successively  by  cutting. 


The  men  engaged  m  this  work  are  paid  by  the 
slenl  or  stint,  a  certain  number  of  feet  of  work  ; 
which,  however,  varies  m  different  mines :  it  was 
stated  by  one  workman  to  be  2  yards  in,  3  feet  wide, 
and  2  feet  3  inches  high.  This  wHl  bring  down 
from  S  to  10  feet  tliick,  the  parting  being  called 
hardstone.  The  stint  for  cutting  is  3  yards  long, 
and  a  yard  thick,  27  feet  on  an  average.  "  One 
such  stint  is  called  a  day's  work,  whatever  number 
of  hours  it  may  take  to  perform  it.  Thus,  supposing 
work  plentiful,  and  the  coal  of  a  soft  quality  and  easy 
to  work,  a  man  may  do  8  or  9  days'  work  in  a 
week ;  or  if  there  is  not  a  brisk  demand  for  coal, 
he  may  get  through  his  day's  work  in  8  or  9 
hours,  and  have  the  rest  of  the  day  at  his  own 
disposal.  This  it  is  which  makes  the  emplovment 
of  a  pikeman  to  be  generally  considered  in  ordinary 
times  the  besi,  and  the  object  of  the  ambition  of  the 
young  and  vigorous  miner,  though  it  is  evident  on 
looking  at  the  view,  from  the  position  in  which  the 
pikemen  are  represented,  and  the  confined  space  and 
constrained  attitude  in  which  they  have  to  wield  their 
picks,  that  8  or  9  hours  of  such  work  is  as  much 
as  ordinary  strength  can  support.  StUl  more  evident 
is  this  to  any  one  personally  visiting  a  mine,  and 
seeing  thek  naked  and  reeking  bodies  shining  with  the 
sweat,  as  if  oiled ;  excepting  where  a  coating  of  dust 
from  the  coal  mixing  with  the  perspiration  has  formed 
a  crust  on  the  skin.  In  the  close  atmosphere  caused 
by  the  animal  heat,  added  to  that  of  the  candles, 
and  to  that  due  to  the  depth  of  the  mine,  the  rapid 
blows  of  the  picks  are  intenningled  with  suppressed 
groans,  such  as  are  uttered  by  paviours  in  England, 
or  by  woodcutters  in  Trance,  proceeding  fi-om  the 
labourers  seated  far  in  beneath  the  impending  mass 
of  coals,  giving  a  vivid  idea  of  the  great  physical 
exertion  to  which  every  muscle  is  urged." 

The  next  class  of  miners  to  the  pikemen,  are  the 
various  labourers  comprised  under  the  general  name 
of  bandsmen  or  bondsmen,  from  the  circumstance  of 
their  working  in  connexion  with  the  band  or  flat 
rope,  by  which  the  coal,  &e.  is  hoisted  to  the  surface. 
These  men  work  by  the  day  of  12  hoiu's,  and  ai-e 
usually  not  stinted,  or  paid  by  the  piece.  Their 
various  occupations  are  showii  in  the  large  under- 
ground view.  The  turners  out  break  the  huge 
masses  of  coal  which  have  fallen  into  manageable 
sized  pieces,  which  the  loaders  place  upon  the  skips, 
and  the  -pitchers,  lads  of  12  to  15,  arrange  and 
sun-round  with  u-on  hoops,  which  the  horse  drivers 
then  take  away  to  the  bottom  of  the  shaft  along  ii-on 
tram-ways,  where  the  hanger-on  attaches  it  to  the 
hook  and  rope,  or  chain,  by  which  the  engine  hoists 
the  load  to  the  sm-face.  In  the  process  of  holing  out 
the  coal,  or  undermining  it,  and  afterwards  at  each 
successive  fall  of  coal,  a  quantity  of  small  dust  coal, 
in  general  not  thought  worth  raising  to  the  surface, 
is  produced.  It  is  called  slack.  It  is  the  office  of 
certain  stout  boys,  called  dirt  carriers,  to  cai-ry  thus 
back  in  baskets  or  iron  trays  with  handles  from  where 
the  men  are  working,  to  the  empty  space  behind 
them,  commonly  called  the  gob.    Behind  these  iirt 


carriers,  there  is  the  clanser  or  cleanser,  who  separates 
the  stony  partings  from  the  coal  where  they  occur, 
and  builds  them  up  in  the  gob. 

The  following  account  of  a  visit  by  Mr.  Taucred 
to  the  Heath  Colliery,  West  Bromwieh,  wLU  fonn  an 
appropriate  conclusion  to  this  notice  of  the  tliick  coal 
of  Staffordshire. 

"  This  pit  is  very  interesting  in  a  geological  point 
of  view,  having  been  the  first  attempt  to  find  the  ten- 
yard  coal  beneath  the  lower  new  red  sandstone,  by 
wluch  this  coal-field  was  till  then  commonly  supposed 
to  be  bounded  on  three  sides.  This  attempt  therefore 
having  been  successful,  corresponds  in  importance  to 
the  finding  the  Durham  coal  extending  beneath  the 
raagnesian  limestone.  The  sinking  was  so  expensive 
here,  that  there  is  but  one  shaft  for  winding,  and  one 
for  pumping,  which  is  not  advantageous  for  the  engine, 
as  there  is  no  counterpoise  of  one  skip  going  do\vB,  and 
the  full  one  up.  Tliere  is  an  engine  of  50-horse  power 
for  pumping,  and  a  30-horse  for  drawing  coals;  30 
cwt.  is  about  the  average  lift  of  coal,  which  is  raised 
i;i  i  minutes,  and  the  skip  returned  in  3  more. 

"On  arijving  at  the  bottom,  we  found  quite  a 
summer  temperature  from  the  depth,  SOS  yards.  It 
is  very  dry,  and  the  main-gate  or  road  is  lighted  with 
caudles  permanently  fixed  along  the  sides,  an  expense 
wluch  butties  do  not  usually  allow,  but  which  is  said 
to  prevent  accidents.  The  horses  did  not  scchi  any 
way  iU-used,  as  it  is  said  they  would  be  if  they  were 
not  the  butty's  own  property ;  one  had  an  eye 
knocked  out,  but  it  was  purely  accidental ;  and  they 
showed  me  how  they  understood  their  work  just  Uke 
hmnan  beings.  The  coal  here  is  di'agged  by  a  pair  of 
horses  on  a  sledge,  from  the  place  where  the  skip  is 
loaded  to  the  main  road.  In  the  main  road  is  a 
wagon,  as  it  is  called,  being  a  square  truck  running  on 
four  low  iron  wheels,  on  a  tram-road.  This  tram-road 
being  much  below  the  level  of  the  ground  on  each 
side,  by  just  about  the  height  of  the  little  wagon, 
the  skip  of  coal,  which  is  dragged  along  Uke  a  sledge, 
is  drawn  across  the  road  where  the  wagon  stands, 
and  so  slides  on  to  the  wagon.  One  horse  now  draws 
what  two  had  done,  and  the  last  part  of  the  jouniey 
it  is  let  to  run  by  itself  towards  the  shaft  down  an 
iueluied  plane,  being  checked  by  being  hooked  on  to 
an  endless  chain,  which,  as  it  runs  round  a  roller,  is 
stopped  with  a  break  by  a  man  stationed  at  the  top 
of  the  descent  for  that  purpose. 

"  We  saw  a  large  extent  of  coal  undergone,  that  is, 
the  first  two  operations  performed,  and  the  two  lower- 
most strata  of  coal  got  out :  tlicse  are  the  benches, 
divided  from  the  uey.t  by  the  bench  bat;  and  the 
second,  slipper  and  sa^vyer,  the  first  holed  out,  the 
next  cut  down,  leaving  a  space  of  6  feet  6  inches  or 
7  feet  between  the  floor  and  our  heads.  The  cleanser 
was  carrying  away  the  heavy  hardstone  which  divides 
the  fourth  and  fifth  seam,  from  some  coal  which  had 
very  lately  fallen,  before  the  band  or  bondsmen  came 
to  fin  it  into  the  skips.  In  other  places,  we  saw  the 
turner-out  breaking  up  the  great  masses  of  many  tons 
weight  of  coal  into  manageabhs  bits,  and  the  laboui-ers, 
or  band,  filling  the  coal  mth  hands  or  shovels  into 
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the  pit. — We  saw  a  great  quantity  of  coal  tmdergone. 
that  is,  the  first  two  or  three  strata  to  the  height  of 
7  feet  taken  out,  so  that  the  rest  had  oidy  to  be  cut, 
or  separated  at  tlie  sides  from  the  pUlars,  which  are 
left  to  support  the  roof,  in  order  to  be  brought  doivn. 
When  a  quantity  of  coal  has  fallen  after  the  first 
holing,  it  affords  a  footing  to  the  pikemen,  from  which 
they  are  able  to  reach  high  enough  to  cut  into  the 
next  stratum.  When  the  height  becomes  too  great, 
they  are  obhged  to  fix  scaffolding  to  reach  their  work: 
and  so  this  cuttmg  is  much  more  severe  labour  than 
holing,  and  they  often  take  off  their  trowscjs  and 
work  quite  naked,  the  sweat  streaming  off  fheir 
bodics  Uke  rain,  as  a  pikeman  expressed  it,  and  of 
course  the  coal  dust  acUiering  to  the  whole  person,  as 
it  does,  indeed,  when  he  is  only  naked  to  the  waist. 
It  is  particularly  hard  work  from  the  heat  which  is 
experienced  when  half  the  body  is  confined  during 
such  violent  exertion  between  the  two  masses  of  coal, 
only  just  wide  enough  apart  to  aUow  the  play  of  Ihe 
amis,  and  where  the  heat  is  very  great  from  the  air 
not  reaching  into  such  places.  To  understand  this 
cutting,  suppose  the  ceLUng  of  a  room  were  a  stratum 
of  coal,  like  that  called  strong  coal,  nearly  4  feet 
tliick.  The  pikeman  begins  to  dig  his  pick  in,  and 
by  repeated  blows  upwards,  to  cut  a  channel  about 
I  foot  wide  up  against  the  side  of  the  wall.  Now  if 
he  were  to  cut  aU  along  the  whole  length  of  the  room 
and  deep  enough,  the  ceiUng  would  have  no  support, 
and  would  consequently  give  way  and  fall,  crushing 
aU  Uving  things  beneath  it.  He  therefore  leaves,  at 
every  6  feet,  perhaps,  part  of  the  coal  uncut,  called 
spurns,  which  act  as  supports  to  the  mass  something 
like  corbels  supporting  the  beams  of  a  roof,  or  flying 
buttresses  in  gothic  architecture.  When  the  pikeman 
has  cut  away  a  channel  a  foot  broad,  and  so  deep  that 
he  cannot  any  longer  use  his  pick  with  effect,  he  is 
obUged  to  enlarge  the  lower  edge  of  his  cutting,  but 
the  deepest  part  he  keeps  as  narrow  as  possible,  to 
save  labour.  As  he  must  keep  his  waU  on  one  side 
perpendicular,  the  channel  is  straight  on  one  side, 
and  on  the  side  of  the  coal  which  is  to  fall  it  slopes 
towards  the  waU,  as  in  Fig.  5So.  Ha\'ing  been  cut 
through  to  the  fuU  thickness  of  the  strong  coal,  vi? 
4  feet,  on  both  sides  of  the  mass  to  be  brought  do\vn, 
and  spurns  being  left  at  proper  intervals  to  keep  it 
up  whilst  the  men  are  at  work  at  cutting,  the  next 
operation  is  to  take  away  these  spurns  and  so  let  the 
coal  faU,  which  is  caUcd  throwing  the  coal.  This 
service  is  one  of  danger,  and  requires  much  experience 
and  skUl.  The  spurns  are  cut  and  puUcd  to  pieces 
mth  long-handled  instruments  caUed  prickers,  and 
the  men  must  often  spring  back  if  there  is  an  appear- 
ance of  the  mass  coming  down.  This  business  of 
tlirowing  the  coal  is  often  done  by  a  few  men  at  night, 
to  prevent  danger  to  the  rest.'  The  different  sorts 
of  cutting,  according  to   the  height   of  the   strata 
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above  the  floor  of  the  mine,  and  tlie  holing,  as  \yell 
as  driving  the  air-coui'ses  or  gate,  roadiiig,  &c.,  are 
done  by  different  stints  or  measm-ed  quantities,  ac- 
cording to  their  difficulty.  The  pikemen  universally 
prefer  holing  as  the  easiest  work,  though  in  this  they 
have  to  sit  ou  the  ground  in  a  place  only  2  feet  3  or 
4  inches  high,  where  they  cannot  straighten  theii' 
neck,  far  in  beneath  a  mass  of  coal  some  28  feet 
thick  There  you  may  stoop  down  and  by  the  glim- 
mer of  their  candles  see  them,  naked  to  the  waist, 
plying  their  picks,  their  bodies  smokiug  and  appearing 
as  if  oiled  with  the  perspiration,  and  a  coat  of  coal- 
dust  adhering  to  the  sldn  and  hair  of  the  head.  All 
the  time  you  hear,  issuing  from  this  low-roofed  cavern 
which  they  are  hewing  out,  stifled  groans,  which 
tlicy  utter  as  they  rapidly  repeat  the  blows  of  their 
shaip  picks  against  the  black  mass,  wldch is  spluitercd 
and  Hies  in  all  directions.  The  various  works  goiug 
forward  in  these  subterranean  avenues  produce  a 
development  of  the  muscles  of  tlie  chest,  back,  and 
arms,  which  could  not  have  been  surpassed  in  the 
athlefa-,  who  won  the  laurel- wreaths  at  the  Grecian 
games.  The  noxious  gases  which  they  are  now  and 
then  subject  to  inhale,  produce  paleness  and  loss  of 
a[)pctitc;  otherwise,  were  it  not  for  the  dii-eful  ac- 
cidents to  which  they  are  exposed,  the  thick-coal 
mhicrs  could  not  be  surpassed  in  healthiness  by  any 
other  class  of  workmen.     The  exhausting  nature  of 
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the  occupation  is  proved  by  recoveries  from  appalling 
accidents,  which  to  surgeons  unaccustomed  to  practise 
amongst  colliers  appear  miraculous. 

"  The  ventilation  of  this  mine  is  cleverly  managed 
by  means  of  a  tunnel  extending  from  the  pimiping 
shaft,  under  the  boiler  furnace,  to  the  stalk  of  the 
furnace  fires,  by  which  a  very  strong  current  of  air 
is  always  drawn  from  the  mine.  For  the  ventUation 
below  giouud,  narrow  galleries  are  cut  ui  the  coal, 
used  only  as  air  coiu'ses,  and  there  are  no  boys 
employed  to  keep  aii--doors." 

The  accidents  in  the  thick-coal  pits  are  very 
immerous.  According  to  one  retui-n,  for  every  100 
men  employed  73  accidents  occur  annually,  of  which 


five  are  fatal.  The  accidents  are  abnost  entirely 
bruises  and  broken  limbs,  arising  from  tue  falling 
down  of  the  coal  and  heavy  materials  of  the  mine. 
These  accidents  can  only  be  obviated  by  a  safer 
system  of  extracting  the  nunerals  by  a  liberal  supply 
of  timber  and  lights,  and  by  prudence  and  caution  on 
the  part  of  the  workmen  and  overlookers.  Such 
accidents  are  most  numerous  in  mines  where  middle 
men  or  butties  are  allowed :  they  take  the  contract 
for  a  piece  of  work  from  the  proprietor  and  give  it 
out  to  the  men,  and  it  is  their  interest  to  do  the 
work  as  cheaply  as  possible,  without  any  regard  to 
the  safety  of  the  men.  A  few  honourable  exceptioua 
are,  however,  mentioned  in  the  Parliamentary  Report. 
One  of  these  is  the  ease  of  a  religious  and  consci- 
entious man  named  Mason,  whose  pit  had  for  a 
long  period  been  almost  entirely  free  from  accideKs, 
and  the  reason  assigned  by  the  men  was,  that  they 
met  together  to  pray  every  day  in  the  diimer  hour. 
"About  one  o'clock  the  drink  goes  down  the  pit,  and 
if  a  man  is  not  at  the  place  of  prayer  in  10  minutes 
after,  he  forfeits  his  drink.  They  sing  and  pray,  and 
ask  a  blessing  on  what  they  are  going  to  have,  and 
then  they  sit  down  in  the  road  and  cat  their  dimier 
and  druik  the  beer,  and  after  dmner  one  reads  out 
of  the  Scripture  and  explains  it,  and  tells  the  others 
what  the  preacher  has  said  about  it.  Sometimes  they 
get  God's  Spirit  amongst  them  very  much,  and  somc- 
i;:ii(b  less  so."  Very  few  of  these  men  could  read, 
I  •  was  stated  that,  "  a  man  would  not  be  allowed 
Ml  iu  smging  and  praying  unless  he  was  thought 
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Dught  to  do." 


:  very  few  accidents  arismg  from  explosions 
of  fire-damp,  as  this  gas  appears  to  be  engendered  by 
the  Staffordshire  coal  much  less  abundantly  than  in 
most  other  fields,  and  that  which  is  produced  is 
carried  off  by  the  ventilation.  The  men  work  with 
open  candles. 

The  methods  of  working  collieries  in  other  parts  of 
Great  Britain  were  formerly  very  objectionable,  on 
account  of  the  narrowness  of  the  ways,  aud  the  em- 
ployment of  women  and  children.  The  evils  are 
stated  at  length  in  the  reports  which  have  already 
supplied  US  with  information.'  It  will  not  be  neces- 
sary to  notice  them  in  detail,  since  the  evils  com- 
plained of  have  been  greatly  mitigated  by  the  Act  of 
Parliament  (5  &  6  Viet.  c.  99). 

It  may  readily  be  supposed  that  the  natuie  of 
the  employment  and  the  condition  of  the  miner, 
must  to  a  great  extent  depend  on  the  thickness 
of  the  seam  of  coal,  and  the  consequent  dimen- 
sions of  the  subterranean  roadways,  together  with 
the  ventilation,  dramage,  and  temperatui-e  of  the 
mine.  These  dimensions  and  faeUities  must  of  ne- 
cessity greatly  vary  when  it  is  considered  that  the 
seams  of  coal  actually  worked  in  various  parts  of 
the  kingdom,  vaij  from  10  inches  to  10  yards 
in  thickness.  When  the  seams  of  coal  are  thick, 
the  roads  made  for  conveying  the   coal  fiom  the 


vforkmgs  to  the  foot  of  the  shaft  are  always  spacious. 
Little  difference  will  be  felt  in  seams  of  difl'erent 
thickness,  as  long  as  this  is  not  less  than  from  5  to 
0  feet ;  but  as  the  thickness  of  the  seam  diminishes, 
it  rapidly  becomes  more  expensive  in  proportion  to 
the  quantity  of  coal  to  be  procured,  to  make  the  roads 
for  carrying  on  the  operations  of  the  mine  of  a  con- 
venient height,  and  the  cost  of  doing  this  is  materially 
affected  by  the  nature  of  the  strata  both  above  and 
below  the  seam.  If  the  seam  be  very  thin  and  fiie 
coal  of  excellent  quality,  and  the  strata  above  and 
below  of  such  a  nature  that  they  camiot  be  removed 
without  great  expense,  the  roads  are  in  such  case 
made  no  higher  than  are  absolutely  necessary  for 
getting  the  coal  and  conveying  it  to  the  foot  of  the 
shaft.  Under  snch  circumstances  the  operations  of 
the  miner  are  most  laborious  and  injurious. 

It  is  stated  that  no  coal-mine  can  be  worked  with 
tolerable  convenience  or  comfort  to  the  work-people, 
if  the  main  roads  are  less  than  from  5  to  6  feet  in 
height,  and  the  side  roads  2J  feet.  When  the  roads 
are  6  feet  high  and  upwards,  there  is  ample  space  for 
carrying  on  the  operations  of  the  mine,  and  horses 
cau  be  used  for  drawing  the  coals  from  the  workings 
to  the  foot  of  the  shaft.  When  tlie  mniii  rculs  are 
4' feet  high  the  mine  may  still  1  I       1     11        tly 
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may  be  employed  lor  di:awing  the  coals.  But  when 
the  main  ways  are  under  4  feet,  the  coals  cau  no  longer 
be  conveyed  by  ponies  or  asses,  or  even  by  adult  oi- 
young  men :  they  can  only  be  conveyed  by  children. 
It  appears,  however,  that  in  many  mines  the  maui 
gates  were  formerly  only  from  24  to  30  inches  high, 
and  in  some  parts  the  passages  did  not  exceed  18 
inches  in  height.  In  such  a  case  very  young  children 
were  employed,  and  even  they  had  to  work  in  a  bent 

In  ilir  \.  ,  :  I,:  ;,  -  ;'  Yorkshire  children  were  em- 
ployed III  II  :  I  I  iLc  trap  doors,  driving  the 
horses,'  its,  attending  to  the  jenny, 

and  com  13  :u^  ;I.c  cv--_  I'ruiu  the  bank  faces  to  the 
shaft  where  1  here  were  no  horses,  and  to  the  tram-roads 
where  there  were  any.  "  The  trappers  sit  in  a  little 
hole  scooped  out  for  them  in  the  side  of  the  gates 
behind  each  door,  where  they  sit  with  a  string  in  their 
hands  attached  to  the  door,  and  pull  it  open  the 
moment  they  hear  the  corves  (carriages  for  conveying 
the  coal)  at  hand,  and  the  moment  it  has  passed  they 
let  the  door  fall  to,  which  it  does  of  its  own  weight. 
If  anything  impedes  the  shutting  of  the  door,  they 
remove  it,  or,  if  unable  to  do  so,  run  to  the  nearest 
man  to  get  him  to  do  it  for  them.  They  have  nothing 
else  to  do  but  as  theii  office  must  be  performed  fiom 
the  1  ej  assmg  of  the  first  to  the  \  assnig  of  the  last 


cone  d mug  the  hy  they  are  m  the  pit  the  -nhole 
f        It  1    ^    k   1    liequently  above  1^  1  ours  a  da\ 

I  m  the  dark    often  with  a  d  imp 

II  1  exposed  neeessardy  to  drafts 

1  1  thing  to  contemplate  the  dull 

I  1      0  httle  cieatures  aie  doomed  to 

s]ouI — ^  hi  1  1  the  most  pait  passed  m  soutude 
d  1  il  hiknobs  They  aie  allowed  no  hght  but 
sometimes  a  go  d  natured  collier  wnll  bestow  a  little 
bit  of  candle  on  them,  as  a  treat.  On  one  occasion 
as  I  was  passing  a  little  trapper,  lie  begged  me  for  a 
little  grease  from  my  caudle.  I  found  that  the  poor 
child  had  scooped  out  a  Iiole  in  a  great  stone,  and 
having  obtained  a  wick,  had  manufactured  a  rude 
sort  of  lamp ;  and  that  he  kept  it  going  as  well  as  he 
could  by  begging  contributions  of  melted  tallow  from 
the  candles  of  any  Samaritan  passers-hy.  To  he  in 
the  dark,  in  fact,  seemed  to  be  the  great  grievance 
with  aU  of  them.  Occasionally  they  are  so  posted  as 
to  be  near  the  shaft,  where  they  can  sometimes  run 
r.nd  enliven  tliemsclvcs  with   a  view  of  the  corves 


goiu,  up  with  the  coals  or  peihaps  oecasionaUy  ■nith 
a  buds  eve  )  eep  at  the  davbght  itself  their  main 
amusement  is  that  howevei  of  "icein"- the  corves  pass 
along  the  gates  at  tl  cir  posts  When  we  considei 
the  very  trrfimg  cost  at  which  these  little  crcatuics 
might  be  supj  lied  with  a  hght  as  is  the  case  m  the 
Cumberlmd  oolheucs  theie  are  few  tlungs  whicl 
moie  stion^l^  indicate  the  neglect  of  their  comfort 
than  the  fact  of  then  being  kept  m  darkness, — of  all 
tilings  the  most  wearisome  to  a  young  cliUd.'" 

The  chief  employment  of  young  persons  in  the  coal 
mines  of  this  district  was  to  convey  the  coals  in  corves 
either  from  the  workings  to  the  horse-ways,  or  where 
the  main-roads  were  not  high  enough  for  horses,  to  the 
foot  of  the  shaft.  The  coitcs  are  oblong  wagons  on 
small  wheels  of  9  or  12  inches  in  diameter,  running  on 
railways.  They  vary  in  size,  carrying  from  2  to 
10  cwt.  of  coal,  but  the  commonest  size  in  the 
thickest  beds  of  coal  are  made  to  hold  6  cwt.  of 


0%  CO 

coal,  and  weigh  about  2  or  2^  cwt.  themselves, 
makiug  a  weight  of  about  8  cwt.  in  all.  The  opera- 
tion of  propelling  these  corves,  caUed  hurrying,  and 
in  some  places  tramming,  was  done  by  placing  both 
hands  on  the  top  rail  of  the  back  of  the  corve,  and 
pushing  it  forward,  running  as  fast  as  the  degree  of 
inclination  of  the  road,  or  the  strength  of  the  hurrier, 
would  permit.  The  hurriers  were  hired  and  paid  by  the 
colliers ;  tliey  were  often  girls  of  all  ages,  from  7  to  21- 
Their  work  was  not  confined  to  the  hurrying  of  the 
corves  backwards  and  forwards  along  the  gates.  When 
the  hui-rier  arrived  with  his  or  her  empty  corve  at  the 
bank-face,  it  had  to  be  filled ;  and  when  the  coal  had 
to  be  riddled  or  sieved,  the  hurriers  assisted.  The 
collier  shovelled  up  the  smaller  coal  and  threw  it  into 
the  riddle,  which  was  held  by  the  hurrier,  who  then 
shook  it,  and  threw  the  coal  which  remained  into  the 
corve.  When  this  was  nearly  filled  it  was  topped  with 
large  coal,  and  the  hurrier  then  started  and  hurried  it 
down  to  its  destination,  and  returned  back  again  as 
soon  as  possible  with  an  empty  corve.  Sometimes 
when  the  collier  had  not  got  sufficient  coal  by  the  time 
the  hurrier  returned,  the  hurrier  took  the  pick  with 
which  the  coal  was  hewn,  and  helped  to  get.  By  this 
means  the  art  of  getting  was  usually  learnt,  and  the 
hurrier  by  degrees  became  a  collier,  and  at  IS  or  19 
left  off  hurrying  altogether.  Getting  is  performed 
first  by  making  a  horizontal  cut  underneath  the  coal  it 
is  intended  to  get;  this  is  called  holing,  and  as  it  has  to 
be  done  very  low  down,  the  collier  is  ooUged  to  Lueel, 
and  often  to  lie  on  one  side  in  a  very  constramcd 
posture,  to  work ;  nest,  deep  vertical  cuts  are  made 
iu  order  to  release  the  block  fiom  either  side  at 
given  lengths :  it  is  then  detached  from  abov  t 
by  means  either  of  gunpowder  or  wedges  Girls  re- 
gularly performed  all  the  various  offices  of  trapping 
hurrying,  filling,  ridtUiug,   topping,  and  occasionallv 

The  seams  iu  many  of  the  mines  about  Halifax 
are  not  more  than  14  inches  in  thickness,  and  rarely 
exceed  30.    The  colliers  are  obbged  to  work  lying 
their   whole   length    along    the   mieven   floor,   and 
supporting  their  heads  upon  a  boaid  or  shoit  cruti  \\ 
When  they  are  able  to  obtain  a  little  moie  sp  . 
they  work  sitting  upon  one  heel,  balancmg   tl 
persons  by  extending  the  other.     In  these  low,  d  i 
heated  and   dismal   chambers,  they   woik  perfcL 
naked.    The  corves  drawn  by  the  huiriers  weiglu 
from  2  to  5  cwt :  they  were  mounted  on  four  cast-ii 
wheels,  5  inches  in  diameter,  but  not  moving  on  idi.- 
These   corves   were   dragged    by    children    through 
passages  in  some  cases  not  more  than  from  IG  to  1 
inches  in  height:  they  buckled  louud   their   naktd 
persons  a  broad  leather  strap,  which  was  attached  in 
front  to  a  ring  and  about  4  feet  of  cham,  terminating 

We  give  these  details  as  a  very  moderate  sample 
of  the  evils  which  had  to  be  remedied  There  w  ei  e 
other  and  greater  evils,  which  it  is  happdy  not  neces 
sary  now  to  describe.  In  some  cases  much  of  the 
suli'ering  resulted  from  the  coal  owners  contmuinc  to 
work  their  mines  in  modes  which  had  become  obsolete 


iu  all  other  districts.  "  A  little  reflection  would  have 
prevented  a  vast  deal  of  unnecessary  and  painful  labour 
iu  the  working  of  edge-seams  in  Scotland;  for  instance, 
in  South  Wales  (where  the  stratification  is  almost 
vertical),  on  the  sea  coast,  at  Briton-feriT,  and  in  the 
Anthracite  field  in  Pembrokeshire,  coal-hearing  as 
practised  in  Scotland  is  entirely  unknown.  The  coal 
is  transported  from  the  different  workings  by  succes- 
sive windlasses,  or  balances  working  on  inclined  planes, 
which  plan  entirely  removes  the  necessity  of  employing 
female  labour.  In  the  county  of  Pembroke,  for  ex- 
ample, the  field  or  bed  of  coal  (anthracite)  is  in  many 
workings  higldy  inclined.  Suppose  a  vein  to  lie  at 
an  angle  of  45°  or  even  55°,  windlasses  are  fixed  at 
convenient  distances  on  the  incline  of  the  vein,  by 
which  means  (if  the  mine  is  worked  by  adit  or  level, 
and  aho\:e  the  adit)  the  coal  after  being  brought  from 
the  stalls  to  the  stage  of  the  windlass  in  carts  or 
skips,  is  dropped  by  the  chain  of  the  windlass  down 
the  incline  to  the  level  road,  and  the  empty  carts  are 
worked  up  to  the  stage  on  which  the  windlass  is  fixed 
by  the  opposite  cham  of  the  windlass.  If,  on  the 
contrary,  the  coal  is  worked  to  the  dip,  the  coal  is  in 
a  similar  maimer  worked  up  to  a  convenient  stage  by 
windlass,  and  then  taken  by  shaft  to  the  surface. 
The  windlasses  are  worked  by  women,  and  their  labour 
is  certainly  severe,  though  only  of  S  or  10  hours' 


NcUitheiuul,  altei  thtu   , 
■awn  by  horses  to  the  sh.il 
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:iu  end  to  these  evils.  From  the  time  of  passing  the 
Act,  no  female,  other  than  such  as  were  so  employed 
))reviously,  was  to  work  in  any  mine  or  coUieiy ;  and 
after  three  months  from  that  date,  no  female  under 
eighteen  years  old  should  be  so  employed ;  nor 
liny  female  whatever  after  March  1,  lSi3.  After 
tliis  latter  date,  no  males  were  to  be  employed  under 
ten  years  of  age ;  no  person  to  be  apprenticed  under 
ten  years  of  age,  nor  for  longer  than  eight  years 
(except  in  the  case  of  engine-wrights  and  others  who 
are  only  occasionally  at  work  undcr-gi'ound).  Wliere 
there  are  vertical  or  other  shafts,  no  steam  or  otlier 
engmc  to  be  entrusted  to  the  care  of  a  person  under 
the  age  of  fifteen ;  in  the  case  of  a  windlass  or  gin, 
worked  l)y  a  horse  or  other  animal,  the  driver  to  be 
considered  the  person  in  charge.  After  three  months 
from  the  passing  of  the  Act,  proprietors  of  mines  or 
coUieries  not  to  pay  workmen  their  wages  at  any 
tavern  or  puhlie-house.  To  enforce  the  observance 
of  these  regulations  the  following  arrangements  were 
made  : — Inspectors  of  mines  and  coUieries,  appomtod 
by  the  Secretary  of  State  for  the  Home  Department, 
arc  empowered  to  enter  and  examine  any  such  works, 
and  to  report  concerning  them  to  the  Government ; 
any  proprietor  violatuig  the  law  as  to  the  age  and 
dui-ation  of  apprenticeship  is  subjected  to  a  tine  vary- 
ing from  51.  to  10/. ;  parents  or  guardians  misrepre- 
senting the  age  of  children  so  employed,  are  fined 
iOs. ;  a  neglect  of  the  clause  as  to  the  care  of  the 
shafts,  and  also  of  that  relating  to  the  payment  of 
wages,  subjects  the  offender  to  lines  varying  from  51. 
to  50/. 

In  many  of  the  coal-mmes  of  England  where  fire- 
dump  is  not  very  common,  ventilation  is  defective. 
According  to  the  evidence  of  Mr.  Woodliouse,  mining 
overseer  of  the  Moira  collieries,  Leicestershire,  there 
are  many  drawbacks  from  the  profits  of  collieries  arising 
from  a  bad  and  defective  system  of  ventilation.  He 
says : — "  The  improved  system  adopted  in  the  collieries 
on  the  Tyne  and  the  Wear,  of  dividing  the  workings 
into  districts,  and  so  obtaining  a  cun-ent  of  fresh  air 
in  every  division,  may  in  many  cases  be  adopted  at  a 
trifling  expense  in  these  counties ;  and  although  the 
extent  of  the  workings  in  general  bears  no  proportion 
to  those  in  the  coUieries  in  the  north,  the  principle 
remains  the  same,  and  the  result  would  be  favourable 
in  a  coi-responding  degree.  It  may  be  urged  that  the 
unmense  quantity  of  gas  given  out  of  the  coal  in  the 
north  has  caUed  for  the  improved  system  there,  which 
is,  probably,  the  fact ;  but  there  are  many  advantages 
to  be  derived  from  good  ventilation,  beyond  the  more 
prevention  of  explosion.  In  pits  with  a  rapid  circu- 
lation the  men  respu-e  more  freely,  the  road  ways  are 
kcjit  dry  and  repaued  at  less  expense,  and  the  timber 
lasts  longer  6y  years,  and  therefore  it  is  a  matter  of 
strict  economy  to  ensure  a  good  ventilation.  The 
men  suffer  most  materiaUy  from  working  in  an  impure 
atmosphere.  In  some  mines  the  air  can  scarcely  be 
perceived  to  move  at  aU,  a  thick  mist  or  fog  pervading 
the  whole  pit ;  which  is  caused  partly  from  fermenta- 
tion in  the  wastes  and  old  works,  partly  from  the  liglits, 
and  partly  from  the  heat  and  effluvia  from  the  horses 


and  men.  This,  with  a  large  proportion  of  carbonic 
acid  gas,  forms  an  atmosphere  that  none  but  colliers, 
who  are  accustomed  to  it,  could  endure,  but  which  has 
the  effect  of  shortening  their  days." 

With  respect  to  drainage,  some  pits  are  naturaUy 
very  dry ;  others  cannot  be  kept  so  without  constant 
care,  and  much  expcn  i\  V.n  :'>m  .  hk  lliodsof  dramage 
are  adopted,  accdni   ,     '  :,iiices;   such  as 

bringing  up  the  v,  ;ii  i  in  buts  worked 

by  machinery,  or  li\     u'  -f  |minps,  or  by 

coUecting  the  water  in  a  sin!,  ■  p    '  iKr  linltoiu 

of  one  of  the  shafts,  and  then  ill  .    i       i  I  mkcls 

by  the  engine  when  it  is  not  (li --I  ;  ,;i  i,,;i_:  coals; 
or  by  sinking  a  shaft  on  purpu^c,  in  hIu.  Ii  \r>  jihiced 
a  series  of  pimips  for  raising  the  water  fronr  one  lift 
to  another,  until  from  the  highest  piunp  of  all,  which 
brings  water  to  the  surface,  a  perpetual  stream  is 
made  to  flow.  Whenever  the  floor  of  the  pit  lies  in 
such  a  way  that  the  water  wUl  flow  to  the  place  to 
which  the  lowest  pump  descends,  then  the  ])it  can  be 
effectually  kept  dry. 

Neglect  of  drainage  renders  the  mine  very  miserable 
for  the  work-people.  Thus,  in  speakmg  of  the  Di-rby- 
shke  pits,  the  commissioner  says  that  some  of  tiicin 
are  so  wet,  "  that  the  people  have  to  work  all  day 
over  their  shoes  in  water,  at  the  same  tune  that  the 
water  is  constantly  dripping  upon  them  from  the  roof. 
In  other  pits,  iustead  of  dripping,  it  constantly  rains, 
as  the  people  themselves  tenn  it,  from  the  roof,  so 
that  in  a  short  time  after  they  commence  the  labour 
of  the  day,  their  clothes  are  drenched,  and  in  tliis  state, 
with  their  feet  also  iu  water,  they  work  aU  day.  The 
children,  especially, — and  in  general  the  younger  the 
age  the  more  painfully  this  unfavovu-able  state  of  the 
place  of  work  is  felt, — complaui  bitterly  of  this,  and  it 
must  be  borne  in  mind  that  it  is  in  this  district  that, 
according  to  the  evidence,  the  regular  hours  of  a  full 
day's  labour  are  14,  and  occasionally  16."  The  sub- 
commissioner,  speaking  of  the  same  district,  says : — 
"  I  have  met  with  pits  where  it  rained  so  as  to  wet 
the  children  to  the  skin  in  a  few  minutes,  and  at  the 
same  time  so  hot  that  they  could  scarcely  bear  then- 
clothes  on  to  work  in,  and  m  this  wet  state  they  had 
to  continue  li  hours,  and  perhaps  had  to  walk  a  nule 
or  two  at  night  without  changing  or  dryiug  their 
clothes." 

Coal-pits  are  almost  always  warm,  and  in  general 
the  deeper  they  are,  the  warmer.  By  proper  ven- 
tilation the  heat  can  generaUy  be  so  regulated  as 
to  render  the  temperature  pleasant.  "VVhcn  cold 
in  the  main  roads  the  heat  is  often  oppressive  in 
the  side  gates  and  at  the  workings.  Oppressive  heal 
indicates  imperfect  ventilation.  It  is  stated  that  in 
the  mines  of  the  Yorkshire  coal-fields  the  tlicrmomctcr 
stands  in  the  main  roads  at  from  50°  to  00°,  in  the 
side  roads  from  00°  to  05°,  and  at  the  workings  from 
64°  to  72°.  In  the  deep  mines  of  tlio  northern  coal- 
field the  temperature  is  considerably  higher.  In  one 
of  the  Hetton  pits  in  South  Durham,  the  temperatme 
was  found  to  be  66°  at  the  bottom  of  the  shaft,  and 
70°  in  the  workings ;  but  in  the  Monkwearmoulh 
culliery,  the  deepest  in  the  uoithcni  coal-field,  the 
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average  temperature  ranges  from  78=  to  SO',  and  in 
some  parts  it  occasionally  rises  to  89°. 

We  conclude  this  article  witli  a  few  general  details 
on  the  subject  of  collieries.  In  tlie  Northumberland 
coal  pits,  when  the  coals  have  been  brought  to  the 
bottom  of  the  shaft,  and  placed  upon  the  cage,  the 
signal  to  wind  them  up  is  given  to  the  engine-man  at 
the  sui-face  by  means  of  a  wire  led  down  the  shaft 
attached  to  a  hammer  above.  When  the  hammer 
gives  one  stroke,  the  engine-man  knows  that  coals  are 
to  be  drawn  up ;  when  three  strokes,  that  men  are  to 
be  drawn  up,  and  so  on.  The  usual  method  of  wind- 
ing is  with  cages,  guided  in  the  shaft  by  wooden 
conductors,  which  reach  from  the  pit  bottom  to  the 
pit-head  pulley,  and  are  stayed  where  required.  Cages 
are  platforms  attached  to  the  ropes,  for  carrying  the 
loaded  hutches ;  they  have  guides  for  the  conductors 


to  work  in,  whereby  the  ascent  is  made  safe  and 
steady.  The  cages  may  hold  two  hutches,  side  by  side, 
or  one  above  the  other;  but  in -deep  windings,  and 
with  a  large  supply  of  coals,  three  or  four  hutches 
may  be  taken  up  at  once.  There  should  also  be  a 
safety  apparatus,  for  releasing  the  cage  in  case  of  over- 
winding, or  for  stopping  its  descent  should  the  rope 
break.  The  safety  apparatus  of  Messrs.  White  and 
Grant,  of  Glasgow,  is  said  to  be  efficient.  (See  Figs. 
590,  591,  592.)  Pig.  590  shows  the  manner  in  which 
certain  eccentric  toothed  pmions,  B  B,  act  upon  the 
wooden  conductors  a,  should  the  rope  break,  or  be- 
come disengaged  by  the  catch  h.  The  pinions  are 
connected  with  spiral  springs.  C  is  the  slide-bar 
from  which  the  cage  is  suspended,  and  to  which  arc 
attached  the  springs  f  f,  while  h  is  the  catch,  wliich 
disengages  the  rope  in  case  of  ovem-inding,  or  when 


ought  in  contact  with  the  pit-Lc.id  fiaiuL  /. .  Iiil 
use  of  the  springs  //is  to  ensure  the  action  of  the 
pinions  B  B  ;  they  also  prevent  a  sudden  strain  from 
being  put  upon  the  rope  when  the  load  is  lifted,  which 
is  of  importance  where  wne  ropes  are  employed. 
Some  other  contrivances  of  this  kind  will  be  noticed 
under  Mine — Mixixg,  Sec.  vi. 

The  general  arrangements  for  winding,  screening, 
and  carrying  away  the  coals,  are  shown  in  Tigs.  593, 
591,  in  which  a  a  are  the  drums  on  which  the  ropes 
wind,  I  the  pit-head  pullies ;  the  drums  are  placed  on 
ditferent  shafts,  in  order  that  the  ropes  may  always  be 
made  to  bend  one  way,  for  it  h.is  been  found  t':st 


«lieu  bolu  dmuis  aie  ou  U^  s  u  ,l  j  .a  .,  .ae  uut  tliat 
overwinds  lasts  longest,  c  represents  the  engine- 
house,  d  the  boilers,  e  the  engine  and  pit-head  framing, 
k  the  cage,  n  n  the  conductors  already  referred  to, 
while  1 1  are  folding  boards,  so  arranged  that  when 
the  cage  is  rabed  from  the  pit,  it  shall  open  them, 
and  immediately  shut  for  it  to  rest  upon  them.  By 
this  contrivance  the  banksman  is  enabled  to  draw  the 
loaded  hutch  from  the  cage  on  to  the  platform  /  and 
replace  it  by  an  empty  cue.  The  folding  boards  are 
again  opened,  to  allow  the  cage  to  pass  through ; 
tliis  is  done  by  the  engine-man,  by  means  of  the  rods 
m  VI.     At  /  is  a  tumbler  for  emptying  the  hutches 


into  the  screen  g,  and  is  so  arranged  that  when  the 
loaded  hutch  is  run  into  it,  the  extra  weiglit  hejond 
the  point  of  suspension  throws  the  hutch  into  the 
position  snown  by  the  dotted  lines.  There  is  a  break 
for  controlling  this  movement,  and  when  the  hutch  is 
cmiilied,  and  the  friction  removed,  the  machine  falls 
iipty  hutch 


'  the  s( 


;r  being 


of  1851.     The  coal  yr...V         .      i,.; 
was  illustrated  by  ma]i^       I 
field,   showing   the   pits    :  i;  1    i  i    ■. 
remarkable  iaterruptioiis  ;  a  syii.i[i 
working  plan  of  a  colliery,  showin  : 
aud  veutUation  ;  a  collection  of  tli. 
formation;  and  specimens  of  hcm-i  1 
turing,  and  cannel  coal.     There  n  li  l 
strata   and  rocks  of  the  coal  formr 
boniferous  limestone  formation ;  spec 
lamps ;  sectional  drawings,  showing 


turuing  the  disc  rapidly  round,  by  means  of  a  handle,  the 
edge  is  made  to  strike   against  a  piece  of  flint,  thereby 

to  ignite  the  fire-damp.     The  liL'ht   thus  nff'or.Ipd   i«  v.ry 
feeble,  and  an  attendant  is  reqnirr.l   to  I.k  n  u    m   :!  .n 
In  the  ventilation  of  coal-mines,  .^.      i 
direction  of  the  ventUating  cm-n  Ml         .        '  I 

fire-damp  prevented  from  extendiii'j.  li.  i"::'^:  i  i'  'n  i^i 
loays  with  doors,  which  are  attended  liy  h"vs,  wlmsc  duty 
it  is  to  close  them  after  the  passage  of  a  wagou  ;  but  the 
boys  are  apt  to  fall  asleep,  and  leave  the  doors  open.  A 
simple  contrivance,  invented  by  Mr.  Robert  Mills,  was 
illustrated  by  a  model  of  an  apparatus  for  opening  and 
closing  doors  in  mines  by  a  reversion  of  levers,  one  opening 
and  the  other  closing  the  door,  on  each  side  of  the  door ; 
and  whether  worked  by  the  carriage  drawn  by  a  horse,  or 
pushed  by  a  man  or  boy,  the  action  is  the  same.  In  the 
...lljiv  n'lu  ir  llii  :i|i|i;ii,ilii-  lias  becu  used,  there  has  not 
^     '     ;        ■'  '  !      Iwpiity-two  years;   and  we 

I    -iMin-s  of  the  north  were  so 
,    !:     ;  I  hit  they  determined  at  once 


parts  of  the  world  compare  their  several  uw  •  •  '■ 

thus  niututdly  benefit  each  other  and  the  pulili- 

The  productive  coal  area  of  the  Neweaslk'  ..>,,,  .  \.:  ;  ,, 
been  calcidated  at  360,000  acres  in  Dmhain,  aaJ  i.taiU 
l.aO.UOO  in  Northmnberland.  Of  this  quatitity,  about 
G7,000  acres  have  been  worked.  The  average  thi.kuess  of 
the  seams  is  about  13  feet :  an  acre  contaius  4,840  sqtiare 
yards,  and  each  cubic  varJ  of  coal  vvcishs  about  a  ton.  This 
coal-field  has  therefore  contained  upwards  of  10,000,000,000 
tons  of  coal,  of  which  about  )ne-eighth  has  been  consumed. 
The  present  annual  consumption  is  estimated 
Ifi.nOOOOO   to 


a.  399 

brought  out  of  the  mine  np  a  7-feet  circidar  shaft.  The 
rope  and  chains  used  in  lifting  it  were  also  exhibited,  and  it 
was  stated  that  only  the  ordinary  machinery  employed  iu 
the  colliery  was  used.  There  was  also  a  specimeu  of  the 
thick  coal,  9  feet  6  in.  high,  31  feet  10  in.  in  circumference, 
and  weighing  13  tons.  It  was  conveyed  70  yards  nnder- 
gronnd  to  the  bottom  of  the  shaft,  aud  raised  from  a  depth 


The 


nary  ui 


ral  coal-field  of 
■hiding  650,000 


which 


1,  cannel,  and 
site,  vary  iu  dllfereul  localities.  There  was  eshibited 
plete  section  of  the  thick  bed,  showing  the  difFerent 
IS  applicable  for  steam-engines,  manufaeturing  pur- 

.  variety  called  iridescent  nr  /    ;;      :  >  i,i'    imin  the 
-tanee  of  its  fracture  nil.  ,  '  r.il.nirs. 


It  has 


oal  is   all    bitnu 


of  b 


Thcr 


iiilaee  itself,  as  in  mother-of-pearl. 
I  !:r  great  coal-field  of  South  Wales  was  fairly  repre- 
i  ;il(  (I.  This  valuable  field  presents  nearly  1,000  square 
miics  of  productive  coal  area;  it  comprehends  oBMraciV;?  or 
stone-coal,  and  bituminous  coal,  and  also  an  intermediate 
semi-bituminous  variety,  termed  sleam-coal.  The  line 
which  separates  the  bituminous  from  the  anthracitic  coal,  is 
nearly  coincident  with  the  Neath  Valley,  the  anthracite 
portion  extending  to    the  wtst.      tin    In  .nh     Ims   not 


■     .  <•'  •:■'..   : 1  of 

-I.-'   ,;-.•. .    I,    r.:J.n:.-    \u   , ,    •■    •        ,  ,  ■    .i     ,,.,„    the 

main  coal  of  the  Flintshire  rn:il-  i     , 

Cannel  coal,  from  the  Wi^m  hiljited, 

the  same.     This  coal  is  of  lln.  ..        ■         ■   •  a  high 

polish.     The  Wigan  coal-field  1,  ..  :       ■  iiiiHiias 

the  Lancashire  and  Cheshire,   ^  i    M  i-  il  coal- 

field, the  productive  coal  area  .ii  ,1       1110,000 

acres;  it  is  divided  into  three  ]•!  ,;  |    in         "1   which 

the  middle  one  includes  the  tlm  I.  •  ■  I  ,  i  i  ,  i  he  prin- 
cipal varieties  of  coal  are  a  good  caking  coal,  and  a  valuable 
bed  of  cannel. 

The  coal  region  of  the  south  of  Scotland  was  represented 
by  a  block  of  coal  raised  from  the  lowest  stratum  of  the 
\''iel.iri.a  coal-])!!,  in  Renfrewshire.     There  were  also  spc- 

11     "\    ilir   alum  ore,  or  schist,  which  lies  immediately 

1   I  <         mil  of  the  hmestone,  which  lies  inmiediately 

1   I    li'i r.    Alum  ore,  in  process  of  decomposition, 

:  ,,.1  nirii  i:  :iih  irum  the  ore,  were  also  shown.  [See  AuiM.] 
iln,  .■..lla-.y,  uhieh  is  173  fathom,  ,l,.,.p  is  io  the  great 
coal   region   of  the  South  of  Si-.ih.i.l      ml  i-    ,ii|,n,,sed  to 

corapriscmore  than  a  million  an.  ,1.     In 

the  Kenfrewshire  coal-field  thi  II  il  sepa- 
rated by  thiu  bands  of  clay.     Tin   I  o  o'    ',  n    ,|-field 

also  contributed  specimens  of  its  coal,  irnn-slone,  and 
limestone,  the  three  grand  materials  required  in  the  .pro- 
duction of  iron,  and  associated  together  in  vast  abuudauco 
in  this  country. 

Ireland  sent  a  specimen  of 'imthraeite  from  the  coal-fields 

of  kilkenny,  a  district  which  inclndes  a  series  of  basins  or 

-■I's,  separated  by  carboniferous  limestone.     The  strata 

iiiilstones  and  shales,  with  fire-clay  and  several  valu- 

i   II   luds  of  stone  coal,  of  fair  qnality. 

SoHMABV  or  CoiL  Peodock  op  tde  United  Kingdom  for  1859. 


COBALT  ocoui-s  iu  nature  iu  combination  with 
arsenic,  as  arsenical  cobalt ;  or  with  sidpliur  and 
arsenic,  as  i/re^  cobalt  ore  ;  but  it  is  also  contaminated 
willi  iron,  nickel,  and  other  metals.  The  ores  remained 
■witliout  value  until  about  the  middle  of  the  sixteenth 
century,  when  they  were  first  applied  for  imparting  a 
blue  colour  to  glass ;  but  the  nature  of  the  mineral 
was  not  known  until  it  was  examined  by  Brandt,  in 
1733,  who  obtained  from  it  a  new  metal,  which  he 
named  cobalt.'  Cobalt  is  also  found  in  most  meteoric 
stoues.  It  IS  not  used  in  the  metallic  state  :  indeed, 
Ihe  processes  for  its  reduction  are  difficult  and  Corn- 
ell icated,  and  are  carried  on  ordy  in  the  laboratory  on 
a  small  scale.  The  metal  is  brittle,  of  a  reddish  grey 
colour,  of  tlie  density  8.5,  somewhat  more  fusible  than 
iron,  aud  it  is  attracted  by  the  magnet. 

Tiiere  are  two  oxides  of  cobalt :  the  protoxide, 
Co  0,  aud  the  sesqui-  or  peroxide,  C02  O3.  The 
former  possesses  the  property  of  colouring  glass  blue, 
even  when  present  in  vei^y  minute  quantity.  No 
other  coloui-ing-matter  is  so  permanent  or  so  intense : 
hence,  a  glass  formed  of  this  oxide,  under  the  name 
of  smalt,  is  of  great  importance  iu  the  arts,  it  being 
tlie  blue  colouring  matter  used  for  ornamenting  poree- 
ki;/i  and  earthenware,  for  staining  glass,  for  painting 
on  enamel,  for  tinting  writing-paper,  and  for  a  variety 
of  other  purposes.  The  interesting  processes  cou- 
ccrucd  in  the  manufacture  of  smalt  wUl  be  described 
presently.  The  protoxide,  which  is  prepared  by  ig- 
niting the  carbonate,  is  a  powder  of  an  ash-grey 
colour.  When  precipitated  by  an  alkali  from  its 
solution  in  acids,  it  forms  a  hydrate,  of  a  fine  blue 
colom-.  The  salts  of  this  oxide  have  a  reddish  colour 
in  solution.  This  oxide  combines  with  alkalies  and 
earths :  dissolved  in  fused  potash,  it  gives  a  blue 
colour  to  the  compound ;  and  when  magnesia,  or  a 
body  containing  it,  is  touched  with  a  drop  of  nitrate 
of  cobalt,  and  dried  and  ignited,  a  feeble  but  charac- 
teristic rose  tint  is  obtained.  A  beautiful  blue  pig- 
ment, known  as  cobalt  blue,  almost  equal  for  purity 
of  tint  to  ultramarine,  is  obtained  by  mixing  a  solution 
of  a  salt  of  pure  cobalt  with  a  solution  of  pure  alum, 
precipitating  the  liquid  by  an  alkaline  carbonate, 
waslung  the  precipitate  with  care,  drying  and  igniting 

(1)  According  to  Beckmann,  (■■  History  of  Inventions,"  vol.  i.) 


it  strongly.  A  flue  green,  known  as  RmmaniCi  green, 
is  similarly  prepared,  by  combining  oxide  of  cobalt 
with  oxide  of  zmc,  or  1  part  sulphate  of  cobalt  aud  i 
or  3  parts  sulphate  of  zinc,  dissolving,  and  precipitating 
by  means  of  carbonate  of  soda ;  and  the  precipitate, 
,  when  washed  and  calcined,  acquires  a  green  colour. 

Chloride  of  cobalt  is  obtained  by  dissolving  the 
oxide  in  muriatic  acid.  The  solution  is  of  a  pink  red, 
but  when  highly  concentrated,  it  is  of  an  intense  blue. 
The  cldoride,  the  nitrate,  and  the  sulphate  of  cobalt 
form  what  are  called  sympathetic  inks.  Thus,  if  charao- 
be  written  on  paper  with  the  cldoride,  they  remain 
colourless  and  invisible,  or  nearly  so  ;  but  by  warming 
the  paper  near  the  fire,  the  writing  becomes  of  a 
beautiful  blue  colour.  As  the  paper  eools,  moisture 
is  absorbed,  and  the  colour  disapprars,  but  may  be 
reproduced  by  heat.  The  addition  of  a  salt  of  nickel 
gives  a  green  instead  of  a  blue  colour.  Thus,  in 
painting  what  are  called  magic  landscapes,  the  sky  is 
painted  with  pure  chloride,  and  the  trees  and  grass 
with  a  solution  contaming  nickel.  Nitrate  of  cobalt 
forms  a  red  sympathetic  ink. 

Phosphate  of  cobalt  is  an  insoluble  precipitate,  of 
a  deep  violet  colour.  2  parts  of  tliis  and  1  part  of 
arseniate  of  cobalt,  carefully  mixed  with  IG  parts  of 
alum  and  strongly  igrutcd  for  a  considerable  time, 
produce  a  beautiful  blue  pigment  called  Thenard's  blue. 
said  to  have  all  the  characters  of  ultramarine ;  it 
has  lately  been  substituted  for  smalt  iu  the  manufac- 
ture of  paper. 

When  protoxide  of  cobalt  is  calcined  with  a  borax- 
glass,  it  absorbs  oxygen,  and  a  black  mass  is  obtained, 
which,  mixed  with  oxide  of  manganese,  forms  a  fine 
black,  which  is  used  in  enamel-painting. 

Smalt  is  principally  manufactured  in  Germany  and 
Norway.  In  the  year  1840,  the  imports  into  Great 
"^  ■  ain  amounted  to  118,6381bs.,  of  which  97,7511bs. 
!  from  Norway,  and  the  remainder  from  Germany 
and  Holland.  In  1842,  the  ijnports  amounted  to 
145,470  lbs.  By  the  new  tariff  an  import  duty  of  10s. 
per  cwt.  is  levied  on  smalt :  this  has  greatly  promoted 
the  sale  of  a  rival  colour,  artificial  ultramarine,  which 

prepared  at  a  very  cheap  rate  at  Cologne  and  other 
towns  on  the  Rhine,  and  being  admitted  free  of  duty 
it  has  for  the  most  part  superseded  smalt  for  paper- 
hangings,  and  all  those  cases  in  which  it  is  not  used 
as  an  enamel  colour.  The  following  is  a  very  brief 
outline^  of  the  manufacture  of  smalt  as  carried  on  in 
Saxony. 

The  success  of  this  manufacture  depends  in  great 
measure  upon  the  purity  of  the  materials  employed, 
and  on  the  exact  proportions  in  which  they  are  com- 
bined. The  ore  of  cobalt  is  first  picked,  to  separate 
stony  matters,  then  sifted,  stamped,  and  washed,  by 
which  means  it  is  reduced  to  a  coarse  powder,  and 
the  earthy  matters  are  separated.  The  ore  is  then 
roasted,  for  the  purpose  of  separating  arsenic  and 
sulphur :  this  is  done  in  a  reverberatory  furnace,  to 
which  is  attached  a  tube  of  great  length,  or  a  series 
of  chambers  for  the  purpose  of  condensing  the  fumes 


if  arsemc  [see  Abseuic].     As  an  additional  precau-  I  gi-eat  cari 
ion,  ill  order  to  prevent  tlie  eseapc  of  these  fumes  |  moisture. 


s  then  calcined,  and  preserved  from 


wotted,  and  spread  over  the  sulc  of  the  fiirnacc  in  a 
layer  5  or  6  inches  deep  :  the  heat  is  then  cautiously 
raised  for  6  hours,  during  which  abundant  white 
vapours  of  water,  arscuious  and  sulphurous  acids  are 
evolved :  the  heat  is  then  increased,  and  continued 
for  IG,  IS,  or,  at  most,  21  houi-s.  The  ore  is  moved 
about  with  a  rake  whenever  the  vapours  cease  to 
be  disengaged.  Every  part  of  the  charge  is  thus 
brought  imder  the  action  of  the  flame  and  of  the 
strong  draught  of  air  which  accompanies  it ;  the  object 
being  to  expel  as  much  of  the  arsenic  and  sulphur  as 
jiossible,  and  to  convert  the  cob.alt  into  an  oxide. 
When  the  vapour  ceases  to  be  foinned,  and  the  scldich 
is  at  a  red  heat,  the  operation  is  terminated,  the 
roasted  ore  is  -ndthdrawn,  and  the  furnace  allowed  to 
cool  before  a  fresh  charge  is  i)ut  iu,  otherwise  the  new 
ore  would  become  pasty.  The  quantity  of  arsenic 
deposited  in  the  chambers  amounts  to  as  much  as 
from  25  to  30  per  cent,  of  good  ore:  the  roasted  ore 
now  contains  oxide  of  cobalt,  oxide  of  iron,  a  small 
quantity  of  the  arseniate  of  this  metal,  together  with 
oxide  of  lead,  titanium,  &c. 

The  sand,  or  cobaltiferous  quartz,  which  is  obtained 
during  the  stamping  of  the  ore,  is  also  roasted  with 
some  of  the  dressed  ore:  it  is  then  sifted,  and  the 
pieces  which  remain  in  the  sieve  are  pounded,  and 
again  roasted.  The  best  ore,  when  dressed,  loses  in 
roasting  as  much  as  50  per  cent. ;  the  common  ore 
40 ;  and  the  cobaltiferous  quartz  only  6. 

The  ores  of  cobalt,  dressed  and  roasted  as  above 
described,  are  known  in  commerce  under  the  name  of 
zaffre  or  sajlor}  This  substance  communicates  a 
magnificent  blue  colour  to  glass,  and  is  the  chief  in- 
gredient in  the  manufacture  of  smalt.  The  other 
terials, — the  sUica  and  the  potash, — are  also  prepared 
with  great  earc.  The  silica  is  obtained  by  roasting 
lumps  of  quartz  for  2-i  or  from  that  to  36  honi> ; 
the  effect  of  which  is  to  destroy  the  cohesion  of  tin 
quartzose  particles.  The  quartz  loses  all  its  trans  pi 
rency,  and  becomes  of  a  dull  white,  or  yellowish  if  it 
contaui  oxide  of  iron ;  it  can  casUy  be  crushed  between 
the  fingers ;  and  the  stamping-engine,  well  supplied 
with  water,  readily  reduces  it  to  a  fine  sand.  Tliis  sand 
is  calcined  in  a  reverberatory  furnace,  sifted,  and  then, 
by  repeated  washings  and  deeantations,  the  impurities, 
consisting  of  small  portions  of  oxide  of  iron,  Lune,  and 
oxide  of  manganese,  are  got  rid  of.  The  pure  sand 
is  finally  calcined,  to  expel  moisture,  sifted,  and  stored 
in  boxes  for  use.     The  potash  is  also  purified  with 


of  considerable  delicacy  t 


The  c 


s  of  c 


quality,  and  the  pui-ity  of  tht  c.iiJ  <iiui  ui  ilic  potash 
may  also  slightly  vary.  Hence  the  manufacturer, 
before  commencing  operations  on  a  large  scale,  makes 
sundry  trials  on  a  small  one,  and  lie  is  able  to  judge 
from  the  results  (if  h.-  -i!i;r,'i  cii.-  in'>  -  ]im-a  i<i  ;i|.|"ii-tion 
the  materials  in   i       .   :       .  \ii  i --mi-,  the 

manufacturer  k.  ■  :  :      :     i  oi  dif- 

ferent shades  nf  Vaw,  wdhh  -ri,,'  ii:,ii  :i^  ;i  i^nide: 
these  samples  represent  the  shades  which  arc  known 
in  commerce  by  certain  numbers  or  letters,  such  as 
FC  fine,  MC  middling,  OC  ordinary,  FPFC  finest, 
and  so  on  with  a  large  number  of  varieties  both  of 
zaffre,  eschel,  and  smalt.  M.  Dumas  gives  the  fol- 
lowing recipe  for  making  the  shades  marked  OEG 
ordinary  eschel,  in  powder  or  ground,  and  FOEG 
fine  ditto : — 


The  mktiu-c  for  the  smalt  marked  ME,  JIC,  and 


Tlicse  ingredients  nrr  i-l'ipod  in  rr<5Mbr  Invors  in 
a  wooden  trouirh  .'  !■  :  i  >!■  ■  '■  i  -  '  ri'  "f  saud, 
then  a  layer  of  sil    .   i       ,;  ipulash; 

thr  whole  is   tli.u  v,,.i    , ,  ,  ...I   I',    .M.ii.s  of  a 

Oi  .^.  1      Till,  mixture  is  melted  iii  pols,  ,„  a  furnace 
t   used  in  the  manufacture  of  glass. 
1      '    ;  ,  I  ms  about  f  cwt.  of  material,  wliieh  is 

i;,  :  !  h  rj  n\ means  of  ii'on  ladles,  furnished  with 
long  hanilles.  New  pots  are  first  fiUcd  with  eschel, 
for  the  purpose  of  coating  the  interior  ^vith  a  vitreous 
glaze.  In  the  course  of  about  8  hours  the  mixtirre 
fuses ;  the  workman  occasionally  stirring  it  up  with 
a  red-hot  iron  in  order  to  break  up  the  crust  which 
foi-ms  on  the  surface.  The  mixture  becomes  sufli- 
ciently  fluid  to  effect  a  chemical  r-nmbinafion  of  the 
materials  only  wIhm  ;I:r  |  .\-.  -am-  -it  :i  Mliiif  heat. 
The  proper  tein]  Ml   :     .  !        i-nlinary 

" iiss-f urnace.    Ifi'i   ,  '■    i''    'i         Mn.uhicli 

is  known  asyt/.M-;,/"     r  ;,,       '■■;■,    i,   ImI    |.>lliiril;    Ijut 

there  is  usually  a  portion  of  this  sulistaucc  to  be 
skimmed  off.  If  the  cobalt  ore  contain  nickel,  as  it 
usually  does,  a  substance  called  spidss  is  formed, 
which,  being  heavier  than  the  glass,  subsides  iu  the 
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glass-pot.  This  speiss  is  an  alloy  of  cobalt,  nickel, 
Li-on,  arsenic,  bismuth,  and  sometimes  silver.  Tliis 
must  be  separated  from  the  blue  glass,  which  is  some- 
times done  by  opening  a  hole  provided  for  the  pur- 
pose in  the  bottom  of  the  glass-pot,  and  which  during 
the  melting  is  stopped  up  \rith  clay  and  sand. 

WTien  the  blue  glass  attaches  itself  to  the  man's 
rod,  and  can  be  drawn  out  in  threads,  it  is  ready  for 
the  next  opciafion,  which  consists  iu  ladling  it  out 
of  the  glass-po(  and  ))onrkig  it  into  a  vessel  full  of 
water,  whieli  is  kc[it  cool  by  being  constantly  renewed. 
Tlie  man  is  careful  not  to  pour  any  speiss  with  the 
blue  glass,  for  this  would  injure  its  colour.  All  the 
)iots  are  emptied  before  a  fresh  charge  is  put  in,  the 
temperature  of  the  furnace  being  so  greatly  lowered 
by  this  operation,  that  it  woidd  be  impossible  but  for 
this  precaution  to  empty  the  last  pot  or  two  of 
glass. 

The  blue  glass  falling  at  a  red  heat  into  water, 
becomes  granular  and  easy  to  pulverize.  The  prepa- 
ration of  this  glass  powder,  however,  involves  a  long 
series  of  laborious  and  curious  operations,  the  science 
of  which  has  not  been  very  well  explained.  When 
the  glass  is  taken  out  of  the  water  it  is  drained  and 
crushed  in  the  dry  state ;  then  sifted  to  the  size  of 
ordinary  sand ;  it  is  next  ground  in  mills  with  granite 
runners  on  a  granite  bed,  about  1^  to  2  ewt.  of  mate- 
rial being  wetted  and  operated  on  for  about  4  or  6 
hours.  The  powder  as  it  comes  out  of  this  mill  is 
thrown  into  large  vats  full  of  water ;  in  the  coiu'se  of 
a  few  minutes  the  heaviest  portions  of  the  glass,  or 
tliose  richest  in  cobalt,  and  consequently  finest  in 
colour,  subside ;  this  deposit  is  named  azure.  The 
water  is  then  drawn  off  into  a  second  series  of  vats, 
and  allowed  to  stand  for  f  or  from  that  to  \\  hour, 
according  to  the  designed  quality  of  the  deposit. 
This  deposit  is  named  Farbe,  the  German  word  for 
colour.  The  water  is  agam  drawn  off  into  reservoirs, 
where  it  is  left  for  an  indefinite  length  of  time.  Here 
it  deposits  various  kinds  of  azure,  known  by  the  name 
of  blitt'  mi/id,  or  Eschel.  The  very  short  space  of  time 
reqiurcd  for  the  deposit  of  the  azure,  is  subject  to 
variation  according  to  the  season  of  the  year.  Less 
time  is  required  in  summer,  when  the  water  is  warmer 
and  less  dense  than  in  winter.  A  portion  only  of  this 
fii'st  quality  of  azure,  named  coarse  blue  or  streublau, 
is  scut  into  the  market  in  this  state:  the  rest  is 
agam  ground  with  a  small  portion  of  blue  glass. 
But  most  of  the  azure  and  eschel  thus  obtained,  is 
subjected  to  a  Cmal  washing  iu  tubs  abundantly  sup- 
plied with  fresh  pure  water.  The  powder  is  stirred 
\\p  with  proper  tools,  and  is  then  left  to  repose :  all 
floating  impurities,  such  as  particles  of  glass-gall, 
are  separated  by  means  of  a  fine  horse-hair  sieve. 
'Hi'-  ii  ,11"  i^  i^'  II  decanted  into  another  vessel,  and 
ill  !   powder  is  subjected  to  the  same 

(;     '  '         >  way  different  varieties  of  smalt 

are  dlii  iii;r,l,  .  ::liri-  in  the  form  oi  farbe  or  eschel. 

The  results  of  all  these  washings  are,  1.  a  deeply 
coloiu'cd  azure,  2.  a  powder  (farbe)  not  so  deeply 
coloured,  3.  a  sand  (eschel)  very  little  coloirred. 
Dumas  supposes  that  by  these  repeated  washings, 


a  portion  of  the  alkali  is  removed  from  the  glass, 
wliich  is  thereby  brought  more  into  the  condition  of 
a  supersUieate.  This  action  is  most  effective  on  the 
finer  particles ;  less  so  on  the  coarse  powder :  and  as 
it  is  essential  to  impart  to  the  azure  the  property  of 
retaining  its  colour  in  moist  air,  it  has  been  found 
that  a  genuine  azure  can  only  be  produced  from  glass 
of  cobalt  by  repeated  washings.  This  explains  why 
alumuia,  lime,  and  bases  which  tend  to  make  glass 
of  cobalt  resist  the  action  of  water,  should  be  care- 
fully excluded :  arsenic  and  phosphoric  acids  tend  on 
the  contrary  to  assist  the  extraction  of  the  potash, 
which  being  in  combiuation  with  those  acids,  salts 
are  formed  which  are  more  soluble  than  silicate  of 
potash. 

Glass  of  cobalt  appears  therefore  to  be  a  mixture 
of  different  compounds,  which  may  be  grouped  into 
two  principal  varieties :  viz.  the  less  fusible  silicates 
in  which  cobalt  prevails,  which  resist  the  action  of 
water,  and  the  more  fusible  silicates  in  which  potash 
prevails,  which  arc  more  readily  attacked  by  water. 

Thefonnr,  ,,>;;MilUM  ;  /,.  Ill'  iMirr  1,.  y.,r  iietiuu 
of  watri  ■_..■■:  I    MMash, 

andfonii  :i     .   '  .  ,  h    :     ■■  uw  iiled 

deepens  in  colour  by  the  separation  of  a  powder  con- 
taining very  little  colour.  In  fact,  the  coarse  blue 
powder  which  is  first  separated  by  the  action  of 
water  is  ahnost  identical  in  composition  with  glass  of 
cobalt :  the  azure  contains  more  cobalt  but  less 
potash,  and  the  eschel  more  silioa  and  less  potash 
and  cobalt  than  glass  of  cobalt.  The  eschel  also 
contains  gelatinous  silica,  and  the  waters  used  in 
washing  it  carry  away  a  subsilicate  of  potash. 

The  beauty  of  smalt  depends  in  some  degree  upon 
the  method  of  roasting  the  ore.  If  the  ore  is  nickel- 
iferous,  the  roasting  must  not  be  carried  far ;  but  the 
ore  may  be  added  in  certain  proportions  to  well- 
roasted  ore,  and  the  nickel  is  afterwards  separated  in 
the  form  of  speiss. 

Smalt  may  therefore  be  said  to  contain  silica,  potash, 
cobalt,  and  arseniate  of  potash.  The  last  is  small 
and  variable  in  quantity,  and  its  amount  depends 
upon  the  roasting.  It  is  not  an  essential  ingredient 
in  smalt,  but  it  greatly  influences  the  beauty  of  the 
colour.  Indeed,  according  to  Dumas,  the  beauty  of 
smalt  depends  greatly  upon  the  presence  or  absence 
of  certain  substances  in  small  ciMiiiiiN.  >'irli  ,  ^  |'n,m 
4  to  5  per  cent,  of  arsenic  ;iiiJ    ::  ;     il  to 

9  per  cent,  of  phosphoric  ae.l ;  i.  >-  .:  ;-  al-^o 
greatly  heightened  by  very  small  purtiuno  oi  ,.iiie,  tin, 
antimony,  and  niti-e.  On  the  other  hand,  the  tint  is 
weakened  or  injured  by  the  presence  of  nickel,  lead, 
or  ii-on  beyond  10  per  cent.,  bismuth,  borax,  soda, 
alkaline  earths,  alum,  felspar,  fluor  spar,  sidphui-,  &c. 

The  foUowiug  is  an  example  of  the  mode  of  manu- 
facturing the  variety  known  by  the  mark  00  (common 
azure). 

The  smalt  having  been  reduced  to  powder,  is  mixed 
with  water  and  left  for  45  minutes :  the  water  is 
then  drawn  off,  and  there  remains  at  the  bottom  of 
the  vessel  a  coarse  azure  blue,  which  is  a  blue  glass 
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ill  a  less  nmiutely  divided  state  than  that  which 
remains  suspended  iu  the  water.  The  water  thus 
'.Irawn  off  is  left  for  a  much  longer  time,  in  order  to 
separate  the  coloured  particles  which  form  azure, 
from  the  nearly  colourless  particles  which  form  eschel. 
At  the  end  of  36  hours  the  water  appears  feebly 
coloui-ed.  It  is  drawn  off  iuto  a  vessel  and  left  until 
it  is  perfectly  colourless.  It  is  then  thrown  away, 
aud  the  deposit  is  eschel,  wluch  is  dried  and  added 
to  the  mixture  used  in  charging  the  glass-pots. 

The  azure  blue  adheres  strongly  to  the  vessel  in  which 
it  is  deposited :  it  is  broken  up  with  mallets,  and 
reduced  to  powder  by  being  passed  between  cylinders : 
it  is  then  washed  many  times  iu  different  waters.  About 
3  cwt.  of  the  colour  are  put  into  the  vat,  the  water 
is  then  added  and  the  whole  stirred  up  with  a  wooden 
tool  unto,  the  azure  is  completely  suspended:  the 
floating  impurities  are  removed  by  means  of  a  fine 
sieve,  and  the  whole  is  then  left  for  22  or  24  hours. 
At  the  end  of  this  time,  the  water,  still  a  little  coloured 
by  means  of  eschel,  is  passed  into  another  vat :  the 
second  deposit  is  taken  out  and  broken  up,  well  mixed 
with  water  and  then  left  for  18  or  20  hours;  the 
water  is  then  decanted.  The  operation  is  repeated 
a  third  time,  and  the  deposit  is  allowed  16  or  17 
hours  to  form.  The  water  being  decanted,  the  wash- 
ing is  finished.  All  the  shades  of  azure  are  treated 
in  the  same  manner,  the  only  difference  being  in  the 
time  allowed  for  the  deposit,  which  varies  according 
to  the  required  shade. 

All  these  precipitates  are  removed  from  the  vats, 
and  being  collected  are  dried  in  a  hot  room,  or  in  a 
room  in  which  the  air  freely  ch-culates.  They 
dry  into  compact  masses,  wliich  are  broken  up  by 
means  of  cylinders,  or  by  mills.  The  produce  is  then 
passed  through  sieves  of  various  degrees  of  fineness 
enclosed  in  boxes,  or  a  bolting-cloth  is  used.  The 
powder  is  then  dried  in  a  room  heated  from  100°  to 
115°  by  a  flue  passing  under  it.  The  powder  is  placed 
iu  layers  2  or  3  inches  thick  on  raised  platforms 
to  dry  by  the  hot  air  of  the  room,  and  is  moved 
about  from  time  to  time  by  means  of  a  rake.  27  cwt. 
of  azure  can  be  dried  by  this  means  at  one  time. 
When  sufficiently  di-y,  the  azure  is  again  ground  and 
sifted.  It  is  then  compared  with  the  marked  and 
mmibered  standards  ah-eady  referred  to,  and  its 
number  being  assigned  to  it,  it  is  packed  up  in  small 
quarter-of-a-hundredweight  casks  slightly  moistened 
on  the  inside,  and  the  proper  mark  and  number  is 
marked  on  the  outside. 

It  is  calculated  in  this  long  series  of  minute  ope- 
rations that  every  100  quintals  of  glass  of  cobalt 
produce  about  60  or  70  quintals  of  aziu-e  blue  or 

Snialt  is  used  in  the  manufacture  of  porcelain, 
pottery,  stained  glass,  encaustic  tiles,  fresco-paint- 
ing, &c. :  the  paper-maker  also  employs  it  to  cover 
the  yellow  tint  of  his  paper.  Berzelius  remarks  that 
the  siUea  contained  in  Mriting-paper  blued  by  it  blimts 
the  nibs  of  pens.  Smalt  was  formerly  used  iu  the 
manufacture  of  bank-note  paper,  and  the  ash  pro- 
duced by  the  periodical  combustion  of  notes  at  the 


Bank  forms  a  blue  vitreous  slag,  which  may  often  be 
met  with  iu  collections  of  -minerals.  Blue-tinted 
writmg-paper  leaves  a  fine  blue  ash  when  burnt,  and 
often  exhales  the  peculiar  odour  of  arseuious  acid 
from  the  presence  of  this  substance  in  smalt.  There 
is  some  difficulty  in  keeping  the  smalt  uniformly 
suspended  in  the  pulp,  aud  hence  the  lower  side  of 
the  sheet  is  generally  bluer  than  the  upper.  This 
defect  has  led  to  the  use  of  artificial  ultramarme  for 
blueing  writing-paper.  Cheap  ultramarine  is  also 
used  as  a  substitute  for  smalt  aud  Theuard's  blue,  in 
producing  the  brilliant  and  dirrable  blues  of  paper- 
hangings.  The  celebrated  blues  of  Sevres  porcelain 
are  produced  from  cobalt  dissolved  in  acids  and  pre- 
cipitated. 

COCCULUS  INDICUS,  the  fruit  or  seed  of  a 
tree,  Anamirfa  coccuhof,  belonging  to  the  order  Me- 
?ro',viiic-  upon  the  coasts  of  Malabar, 


Cevln 


s  the 


i!m'  pericarp  is  the  p' 
alkali'iil  -  •'  '  ,  /  .'  '  riie  seed  is  sometimes  thrown 
iuto  waters  f(_)r  the  purpose  of  intoxicating  or  killing 
the  fish,  and  it  is  said  also  to  be  used  by  some  brewers 
as  a  substitute  for  hops,  aud  by  publicans  for  in- 
creasing the  intoxicating  properties  of  ale  or  beer. 

COCCUS,  see  Gall  Insect. 

COCHINEAL  is  an  important  dyemg  material 
composed  of  the  cbicd  bodies  of  cochineal  insects, 
natives  of  Mexico,  Georgia,  Soutli  Carolina,  and  some 
of  the  West  India  islands.  The  cochineal  insect  is 
small,  and  was  long  mistaken  by  Europeans  for  some 
kind  of  gram  or  seed.  It  feeds  ou  a  kind  of  cactus 
(Cactus  cochinellifer),  with  small,  deep,  red  flowers. 
The  juice  of  this  plaut  is  supposed  to  give  the  colour 
to  the  cochineal.  The  insects  are  detached  from  the 
plants  by  a  bhmt  knife,  put  into  hags,  and  dipped 
in  boiling  water  to  kill  them.  They  are  then  dried 
in  the  sun,  and  again  packed  in  bags  (each  bag 
containing  about  200  lbs.)  for  exportation.  The 
appearance  of  the  dye  as  thus  received  varies  greatly 
according  to  circumstances.  If  the  insects  are  of 
the  fine  sort,  and  have  been  killed  in  the  mamicr  just 
stated,  they  are  of  a  reddish  or  purplish  brown  colour ; 
if  they  have  been  killed  by  the  heat  of  an  oven,  a 
white  powder,  with  which  they  are  covered  when 
alive,  is  not  removed,  and  the  whole  mass  of  insects 
appears  of  an  ashen  grey.  If  the  insects  have  died 
on  the  trees,  they  will  be  of  a  blackish  hue.  Cochi- 
neal insects  are  carefully  cultivated  in  plantations  of 
their  favourite  cactus,  but  an  inferior  sort  is  very 
common  in  the  woods,  feeding  on  a  thorny  cactus 
there.  This  is  called  wild  cochineal,  but  even  when 
introduced  into  the  plantations  it  remains  inferior, 
and  is  sold  at  a  lower  price.  Wild  cochineal  yields 
one-third  loss  colouring  matter  than  fine  cochineal. 
The  species  of  cochineal  caUed  rjranilla  or  dust  is 
supposed  to  be  principally  made  up  of  this  inferior 
sort.  The  demand  for  the  best  cochineal  during  the 
war  was  so  great  that  this,  together  with  obstacles  in 
the  way  of  its  importation,  raised  the  price  from  12«. 
or  13i.  to  36s.  and  39j(.  per  lb.  Since  1814  the  price 
has  sunk  gradually  to  from  4».  to  6*.  per  lb.     And 
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althougli  lac  dye  has  lately  been  partially  employed 
for  dyeing  scarlet,  yet  the  consumption  of  cochineal 
is  on  the  increase.  Li  1S40  the  quantity  entered  for 
home  consumption  was  510,554  lbs. ;  in  1S41  it 
amounted  to  1,120,655  lbs.  The  duties  on  cochineal 
were  reduced  in  1S42  to  Is.  per  cwt.  They  Lad 
previously  been  M.  per  lb.  on  foreign,  and  -2(1.  per  lb. 
on  colonial  cochineal.  In  1846  the  duty  was  entirely 
repealed.  In  ]  S60  the  imports  amounted  to  22,486 
cwt.    [See  Carmine.] 

COCK,  see  Casting. 

COCO-NUT  TREE  (Com  nucifem).  The  great 
variety  of  uses  to  which  this  tree  is  applied  by  the 
natives  of  the  countries  where  it  grows,  and  the 
commercial  value  of  some  of  its  products,  render  it 
pecidiarly  iuterestmg  in  an  industrial  point  of  view. 
This  tree  is  found  in  the  tropical  parts  of  the  world, 
chiefly  in  the  vicinity  of  tlie  sea,  growing  within 
reach  of  salt  water,  and  taking  root  upon  reefs  and 
sand  banks  as  soon  as  they  emerge  from  the  ocean. 
Its  principal  range  is  said  to  be  between  the  equator 
and  the  25th  parallel  of  latitude,  and  in  the  equi- 
noctial zone;  it  will  grow  at  various  elevations 
under  about  2,900  feet  above  the  sea  level.  This 
tree  is  sometimes  found  to  occupy  extensive  tracts  to 
the  exclusion  of  all  other  trees.  The  whole  Brazilian 
coast  from  the  river  San  Francisco  to  the  bar  of 
Mamanguape,  a  distance  of  280  miles,  is  with  a  few 
cKceptions  thus  occupied. 

The  coco-nut  palm  rises  like  a  slender  column  to  a 
h.eight  of  from  00  to  90  feet.  Its  stem  is  soft  and 
fil)rous,  and  it  is  marked  on  the  outside  by  rings  pro- 
duced by  the  fall  of  its  leaves,  two  of  which  are  said 
to  ch-op  off  every  year.  About  11  or  12  leaves,  each 
from  12  to  14  feet  long,  form  a  tuft  at  the  top.  The 
flowers  proceed  from  within  a  large  pointed  spathe, 
wliioh  opens  on  the  mider  side.  In  wet  seasons  the 
tree  blossoms  every  five  or  six  weeks,  so  that  tliere 
are  often  fresh  flowers  and  ripe  nuts  on  the  tree  at 
the  same  time.  There  are  from  5  to  15  nuts  in  a 
bunch,  and  in  good  soils  a  tree  may  produce  from 
8  to  12  bunches  every  year. 

The  roots  of  this  tree  are  sometimes  masticated 
I:,  It,.  11  :•!',,.  instead  of  the  areca-nut.  The 
1  iM.kets  of  the  small  roots.      The 

I      I  r  crust  of  the  trunk,  is  employed 

\'\  i'l  ii.:!i!'. l:  111  making  di-ums,  and  in  the  con- 
struction of  their  huts,  &c.  Towards  the  base  of 
the  trunk,  the  wood  is  remarkably  hard,  and  admits 
of  a  high  polish :  a  transverse  section  well  polished 
and  varnished,  rivals  the  agate  in  lustre.  The  re- 
ticulated substance  at  the  base  of  the  leaf  is  in  some 
places  formed  into  a  cradle  or  couch.  In  Ceylon,  it 
is  used  for  strainiug  the  sweet  iuice  which  is  ex- 
tracted from  the  flowering  spathe  of  this  tree.  It  is 
also  manufactured  into  a  duiablo  sackcloth  called 
y.wn)/,  but  according  to  some,  gunny-cloth  is  made 
of  hemp.  The  uuexpanded  leaves,  or  termmal  Icaf- 
bitd,  is  occasionally  eaten  by  Europeans,  as  well  as 
by  natives.  Wben  boiled  it  is  tender,  and  forms 
a  good  substitute  for  cabbage.  Tlie  natives  some- 
ti.r.es  preserve  it  in  vinegar,  and  eat  it  as  a  pickle. 


The  tree,  however,  dies  when  this  part  is  removed. 
The  natives  thatch  their  houses  with  the  leaves,  for 
wliich  purpose,  the  central  ligneous  portion  of  the 
leaf  is  divided  longitudinally;  the  leaflets  of  each 
half  are  then  plaited  or  interwoven,  and  in  this  state 
they  are  employed  to  thatch  cottages,  to  shelter 
young  plants  from  the  scorching  rays  of  the  sun,  to 
construct  fences,  to  form  the  ceiling  of  rooms,  and 
to  make  baskets  for  carryLag  fniit,  fish,  &c.  Some- 
times baskets  are  made  of  palm-leaves,  so  close  as 
to  serve  the  purpose  of  buckets  to  draw  water  from 
deep  wells.  The  immature  leaves  of  the  coco-nnt 
tree  have  a  fine  yellow  colour,  and  a  beautiful  texture 
resembling  fine  leather  or  satin :  they  are  used  for 
decking  rooms,  &c.,  and  being  translucent,  they  are 
used  for  making  lanterns.  In  some  islands,  the  leaflets 
are  plaited  into  bonnets  and  hats.  They  are  also  used 
as  a  substitute  for  writing-paper,  the  pen  beiug  an  iron 
stile.  In  tliis  way  letters  are  written,  and  are  then 
neatly  rolled  up  and  scaled  with  gum-lac.  In  writing, 
the  leaf  is  held  flat  in  the  left  hand,  and  the  letters 
are  scratched  upon  the  sui-face  with  the  iron  point. 
Instead  of  moving  the  hand  -ndth  which  they  write 
towards  the  right,  they  move  the  leaf  in  a  contrary 
direction,  by  means  of  the  thumb  of  the  left  hand. 
To  render  the  characters  more  legible,  the  engraved 
lines  are  frequently  filled  by  besmearing  the  leaf  with 
fresh  cow-dung,  and  then  tinging  this  substance  black ; 
or  the  lines  are  rubbed  over  with  coco-nut  oil,  or  a 
niixture  of  oil  and  charcoiil  powder.  Baskets  for 
catching  fish,  shrimps,  &c.  are  made  of  the  ligneous 
ribs  of  the  leaflet ;  these  ribs  are  also  formed  into 
puis,  tooth-picks,  &c.,  and  made  into  a  bundle,  they 
form  excellent  brooms.  With  the  exception  of  the 
framework,  every  part  of  a  house,  walls  and  roof,  is 
formed  of  coco-nut  leaves ;  such  a  house  is  capable 
of  resisting  ;J1  kinds  of  weather  for  a  year  or  more. 
A  coco-nut  leaf  fixed  along  the  stem  of  a  fruit-tree, 
serves  as  an  alarum ;  as  the  leaf  rustles  very  much 
when  touched,  a  thief  is  cautious  of  ascending  the 
trunk,  lest  he  should  alarm  the  inmates  of  the  neigh 
bouring  huts.  In  travelling  by  night,  coco-nut 
leaves  are  used  as  torches ;  by  tying  the  leaflets 
close  to  the  centre  rib  of  a  leaf,  the  ignition  is  pre- 
vented from  being  too  rapid.  Such  torches  are  in 
constant  use  to  scare  away  wild  beasts,  particularly 
elephants,  from  cultivated  fields.  The  coco-nut  tree, 
especially  the  leaves,  when  burned,  affords  a  large 
quantity  of  potash,  which  is  used  as  a  substitute  for 
soap.  Boats  are  rowed  with  the  centre  rib  of  the 
leaf.  The  end  of  this  part  of  the  leaf  being  well 
bruised,  makes  an  excellent  brush,  which  is  used  for 
a  variety  of  purposes.  Tlie  spathes,  or  fibrous  covering 
of  the  blossoms,  are  inflammable,  and  are  often 
employed  as  torches.  By  soaking  in  water,  this  part 
of  the  tree  forms  a  coarse  cordage  used  for  securing 
the  thatch  of  houses.  The  flower  and  fruit  of  this 
tree  afi'ord  many  useful  products.  By  a  peculiar 
manipulation,  the  flower  yields  a  rich  saccharine 
juice  convertible  into  an-ack  or  sugar.  For  this  pur- 
pose, a  man  named  a  "toddy-drawer"  ascends  the 
tree,  cuts  off  the  point  of  the  spadix,  and  passes  a 
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ligature  firmly  round  the  stump.  1 1  is  then  beateu  with 
a  stick,  which  is  supposed  to  determine  the  sap  to  the 
wounded  part.  This  process  is  repeated  for  several 
days,  a  small  portion  of  the  eud  of  the  spadix  being 
cut  off  each  day.  The  juice  soou  begins  to  flow  from 
the  cut  surface  of  the  flower,  and  is  carefully 
collected  in  an  earthenware  vessel  suspended  from 
the  spathe.  A  thin  portion  cf  the  flower  and  spathe 
is  sliced  off  daily,  and  the  end  of  the  stump  is  bound 
with  a  hgature.  A  good  healthy  blossom  will  give 
from  2  to  4  pints  English  of  sweet  juice  or  sui-i 
daily,  and  some  flowers  will  continue  to  yield  juice 
for  4  or  5  weeks.  There  are  frequently  2  spathes 
on  one  tree  yielding  suri  at  the  same  time,  which  by  ex- 
posure to  the  air  immediately  begins  to  ferment,  and 
forms  the  intoxicating  liquor,  toddy .  By  distiUatiou, 
this  juice  yields  about  onc-cighth  part  of  anack,  of 

cellent  vinegar  is  obtaimd,  in  wliifh  a  great  variety  of 
vegetables  are  pickled.  Sui-i  is  the  yeast  commonly 
used  by  the  bakers  in  Ceylon. 

In  order  to  ol)tain  sugar  {jagery)  from  sui'i  instead 
of  spu'it,  great  care  must  be  taken  to  prevent  fer- 
mentation. The  earthenware  pot  in  which  it  falls  is 
emptied  twice  or  thrice  in  the  course  of  2 1  hours,  and 
is  well  cleaned  and  dried  each  time;  a  mh  H  ,  . 
tity  of  lime  is  thenthrownintoit :  the  jiilr 
through  the  reticulated  substance  at  1 1  s  >  i 
the  leaf,  and  then  slowly  boiled  in  an  (  imiIm  nH:ih 
vessel  imtil  it  becomes  light  coloured  and  visciil. 
While  still  warm  and  semifluid,  it  is  poured  into 
sections  of  coco-nut  shells,  where  it  soon  becomes 
solid.  A  gallon  of  juice  yields  about  a  pound  of 
sugar.  Jagery  contams  both  the  crystallizable  portion 
of  the  juice,  and  a  quantity  of  molasses  or  liquid 
sugar ;  but  they  are  separated  by  a  subsequent 
operation.  This  coarse  sugar  is  usually  made  into 
small  loaves  of  the  shape  of  a  hemispherical  vase 
from  the  form  of  the  vessel  in  which  it  cools.  It 
has  a  deep  chocolate  colour,  and  when  broken  pre- 
sents many  clear  particles  of  sugar.  In  the  Malay 
language,  jagery  is  called  goola  or  goora  itan,  black 
sugar  or  black  sweet.'  Jagery  is  sold  at  the  rate  of 
about  Zd.  per  pound. 

Litunately  mixed  with  lime,  jagery  foims  an  ex- 
cellent cement,  which  resists  moisture,  and  endures 
great  solar  heat.  It  also  takes  a  very  fine  polish. 
Walls  are  prepared  for  receiving  this  covering  by 
wetting  them  with  a  strong  infusion  of  the  husk  of 
unripe  eocos,  and  the  same  kind  of  fluid  is  used  for 
mixing  and  tempering  the  m.aterials.  In  Madras,  and 
other  parts  of  India,  the  flat  tops  of  the  houses  are 
covered  with  this  cement.  It  is  also  employed  to  form 
the  floors  of  rooms,  to  cover  columns,  &c.  Ploors 
of  this  kind  are  sometimes  stained,  and  made  to 
L-esemble  the  finest  marble. 


When  the  flower  has  not  been  injured  the  tree  bears 
mits,  which  are  converted  to  many  useful  pui-poses ; 
young  coco-nuts  are  much  used  by  the  natives  as  an 
article  of  diet.  During  the  unripe  state  of  the  fruit 
the  shell  is  lined  with  a  pulpy  substance,  while  the 
centre  is  filled  with  an  aqueous  fluid.  This  fluid  is  at 
first  slightly  astringent,  and  sub-acid ;  as  the  fruit 
ripens  it  becomes  sweetish  and  not  unlike  the  colour 
and  consistence  of  the  whey  of  mUk.  When  dmnk 
before  the  sun  has  far  advancrd  it  is  much  cooler  than 
the  atmosphere,  and  is  tlun  :i  |ilr,i  :ii,i  li.vorage. 
Natives,  particularly  when  1 1  .  ■<  Imnish 

themselves  with  a  fewunrijic  I   :       i  i  wliich 

they  drink,  and  eat  the  puli'j  jj'jiUvii-i  !.i_iiirl.  A 
few  meals  of  this  kind  will  support  a  labouring  man 
from  morning  till  night,  without  any  other  article  of 
diet.  The  Malays  train  monkeys  to  fetch  coco-nuts 
I'l'iii,  llic  livi',  ,1  lli>;,  :ii(:  wanted,  and  in  this  occu- 
I'  I  Mill  docile.     The  native  iu- 

mI  >ome  of  the  islands  in  the 
r.|  '    •  I  r.;  ihrir  food  witli  SO  much 

thantJiiMi:.--  •:      .!•  :  ■    :•  ..!•..         .i -;irden 

with  IS  u.,uu-lrcL=  and  J  jad.  Irct;  liui  ilj  c;.1I  lu  make 

The  husk  or  fibrous  pericarp  of  the  nut  is  employed 
to  polish  furniture  and  to  scour  the  floors  of  rooms, 
Vi  Birds  that  consti-uct  pendidous  nests  commoidy 
Iny  this  substance.  Its  chief  use,  however,  is  in 
'  manufacture  of  coir,  and  for  this  purpose  the  nut 
nhLJil  not  to  be  completely  ripe.  To  remove  the 
husk,  an  iron  spike  or  sharp  piece  of  hard  wood  is 
fixed  in  the  ground ;  the  nut  is  then  forced  upon  the 
point,  which  passes  through  the  fibres  and  separates 
the  rind  from  the  shell.  In  this  way  one  man  can 
clear  1,000  nuts  daUy.  Coir  is  prepared  by  soaking 
the  rind  in  water  for  several  months,  and  then  beating 
it  upon  a  stone  with  a  piece  of  heavy  wood.  On  the 
coast  of  America,  when  a  rumiing  stream  of  water  is 
not  near,  the  coir  manufacturers  dig  holes  iu  the  sand 
below  high  water-mark,  and  bury  the  rind  before 
beating  it.     It  is  subsequently  rubbed  with  the  hand 

from  il,  .,■'■■'■•  I    .     :  nlof40 

nuts  r ■  ''    ■       ■  .   .    ■  -I'  ■  ■    ;        liic  nest 

manufaotuxcd  into  cord;igc  of  all  sizes.  Coir  is  re- 
markably buoyant,  and  well  suited  for  ropes  of  large 
diameter.  Sea  water  is  said  to  be  beneficial  rather 
than  hurtful  to  it,  and  the  cordage,  when  properly 
prepared,  is  pliable,  smooth,  strong,  and  elastic ;  it  is 
well  adapted  for  running  rigging,  but,  on  account  of  its 
contraetibility,  it  is  not  so  well  suited  for  standing 
rigging.  Dr. Roxburgh  found  the  comparative  strength 
of  hemp-rope  and  coir-rope  when  large  to  be  as  108 
to  87,  and  when  small  as  65  to  60.  The  natives  sew 
the  planks  of  their  boats  together  with  cou-  yarns. 
Coir  is  much  used  in  India  instead  of  hair,  to  stufl' 
mattrasses,  cushions,  saddles,  &c.  It  is  also  employed 
to  make  brooms  and  brushes  for  the  purpose  of  white- 
washing houses. 
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The  kernel  of  the  ripe  nut  resembles  an  almoud, 
and  is  the  bread  of  many  of  the  natives.  By  a  little 
pressure  it  yields  a  white  fluid,  resembling  milk,  -which 
is  used  as  a  substitute  for  it  in  tea,  &o.  Another 
substitute  for  milk  is  obtained  by  rasping  the  kernel 
and  mixing  the  scrapings  with  some  of  the  Uquid  con- 
tained in  the  nut,  and  then  straining.  In  Barbadoes 
puddings  are  made  of  coco-nuts,  and  when  pressed 
with  honey  and  sugar  the  kernel  is  used  to  make  pre- 
serves. The  ripe  nut  is  also  used  in  Ceylon  to  fui'nish 
an  oleaginous  fluid  requii-ed  to  prepare  curry.  But 
the  chief  product  of  the  kernel  is  its  oil,  which  is  ex- 
tracted either  by  decoction  or  expression.  In  the 
former  process  the  fresh  kernel  is  finely  rasped,  the 
raspings  are  then  washed  with  water,  which  becomes 
milky,  and  by  decoction  yields  a  limpid  oil.  If  the 
emulsion  be  exposed  for  a  night,  it  separates  sponta- 
neously into  an  oily  and  a  watery  portion,  and  the 
oily  portion  is  purified  by  a  very  short  boiling.  To 
separate  the  oil,  the  operator,  who  is  generally  a 
female,  lays  the  pahn  of  her  left  hand  flat  upon  the 
surface  of  the  fluid;  a  portion  of  oil  adheres  to 
the  hand,  which  is  brushed  off  into  a  vessel  by  the 
right  hand.  The  oil  made  in  this  manner  is  nearly  as 
colourless  as  water,  and  when  newly  prepared  has  no 
offensive  odour,  but  if  exposed  to  the  air  a  few  days 
it  becomes  offensive.  10  nuts  yield  on  an  average 
about  a  quart  of  oil,  but  according  to  another  authority 
32  nuts  yielded  only  3  lbs.  of  pure  oil.  When  the  oil 
is  prepared  on  a  large  scale,  compression  is  resorted 
to.  After  clearing  the  nut  of  the  husk,  the  kernel  is 
exposed,  which  is  effected  by  breaking  the  shell  with 
a  crooked  knife,  an  operation  which  is  generally  per- 
formed at  one  stroke.  The  watery  part  of  the  kernel 
is  dissipated  by  exposing  it  to  the  sun  for  a  few  days, 
during  which  period  it  acquii'es  a  considerable  degree 
of  rancidity.  The  oil  is  extracted  by  grinding  the 
kernel  in  a  very  clumsy  miU,  worked  by  bullocks ; 
but  at  Colombo  steam-power  is  used  for  the  purpose. 
The  substance  which  remains  after  the  oil  has  been 
extracted  serves  well  to  feed  pigs,  podtry,  &c. 

Large  quantities  of  nuts  are  brought  to  this  country 
from  the  West  Indies.  The  captains  of  ships  use 
them  instead  of  wedges  of  timber  for  filling  up  the 
vacant  spaces  between  the  casks  and  other  packages 
which  compose  their  cargoes.  On  this  account  the 
freight  of  the  nuts  adds  little  to  their  original  cost. 

In  Ceylon  the  oil  is  used  as  a  lamp  oU.  The  natives 
burn  it  in  a  section  of  the  shell  with  cotton  wicks. 
Torches  are  prepared  in  Siam  by  drying  elephant's 
dung,  soaking  it  in  coco-nut  oil,  and  then  covermg 
the  mass  with  long,  dry  leaves,  tied  at  short  distances 
with  slu-eds  of  bamboo.  The  natives  also  use  the  oil 
for  anointing  theur  bodies.  It  is  used  also  mstead  of 
olive  oil  in  the  preparation  of  ointments,  plasters,  &e., 
and  in  making  mercurial  ointment  it  is  said  to  divide, 
or  kill,  the  mercury  better  than  any  other  vegetable 
oil.  Melted  with  resin  it  forms  a  substance  used 
for  paying  the  seams  of  boats  and  ships,  and  also  for 
protectmg  the  corks  of  wuie  and  beer  bottles  from  the 
depredations  of  white  ants. 

The  «/(«//«  of  coco-nuts  are  manufactured  into  beads 


for  rosaries.  They  are  also  used  as  drinking  vessels 
and  for  various  other  domestic  purposes.  Occasionally 
they  are  polished  by  the  natives,  who  out  figures  in 
rehef  upon  them.  When  thus  ornamented  they  are 
sometunes  employed  by  the  EngUsh  as  sugar  basins ; 
and  in  South  America  the  ladies  drink  tea  out  of 
highly-ornamented  coco -nut  tea-cups,  sucking  it 
through  a  long  silver  tube.  Ladles  are  formed  of  a 
part  of  the  nut,  with  a  long  wooden  handle  attached. 
The  natives  of  some  of  the  oriental  islands  use  the 
shells  as  measures  both  for  dry  and  fluid  substances. 
Their  capacity  is  known  by  the  number  of  cowries  they 
will  contain.  Hence  there  are  cocos  of  500  or  1,000 
cowries,  and  so  on.  The  shells  are  also  used  as  fuel 
by  the  goldsmiths ;  and  when  converted  into  charcoal 
they  are  mixed  with  Mme,  and  employed  to  colour  the 
walls  of  houses.  Lastly,  from  various  parts  of  the 
coco-nut  tree  the  natives  prepare  many  remedies  for 
a  variety  of  diseases.' 

COFFEE  is  the  seed  contained  in  a  berry,  the 
produce  of  a  tree,  Coffea  Arabica,  of  the  order  of 
Cinchonacea.  Tliis  tree  grows  to  the  neight  of  from 
8  to  12  feet,  and  has  long  slender  branches  bending 
downwards,  and  furnished  with  evergreen  opposite 
leaves.  The  blossoms  are  white :  the  fruit  is  a  red 
berry  with  a  pale,  insipid,  somewhat  glutinous  pulp 
inclosing  two  hard  oval  seeds,  each  about  the  size  of 


an  ordinary  pea.  One  side  of  the  seed  is  convex, 
the  other  is  flat,  with  a  straight  furrow  inscribed 
through  its  longest  dimension.  While  growing,  the 
flat  sides  of  the  seeds  are  towards  each  other,  and 
they  are  covered  by  a  cartilaginous  membrane  called 
the  parchment.  Coffee  requires  a  warm  climate,  a 
new  soil,  and  a  gentle  slope  to  prevent  water  from 
lodging  at  the  roots.  The  trees  are  raised  from 
seed  in  nurseries,  and  afterwards  transplanted  out. 
They  begin  to  bear  at  two  years  old,  and  in  their 


third  year  are  in  full  bearing.  The  period  of 
flowerinE;  does  not  last  more  than  two  days.  Ii 
night  the  blossoms  expand  so  profusely  that  the  trees 
appear  as  if  covered  with  snow.  The  seeds  arc 
known  to  be  ripe  when  the  berries  have  a  dark  red 
colour.  In  Arabia  the  planters  spread  cloths  under 
the  trees,  and  on  sli:il,iii_'  :':■■,  'In  i:|h'  Ijcrries  drop 
readily.     In  the  Wr-'    I  :  ;  in  i.s  are  picked 

by  the  negroes.     "I'l  i  is  sometimes 

usual  to  expose  tlie  liLirii .  tu  l!:r  lun's  rays  in  layers, 
5  or  6  inches  deep,  on  a  platform.  The  pulp  ferments 
in  a  few  days,  and  having  thus  thrown  off  a  strong 
acidulous  moisture,  dries  gradually  during  about  three 
weeks.  The  husks  are  afterwards  separated  from 
the  seeds  in  a  mill.  Other  planters  remove  the  pulp 
from  the  seeds  as  soon  as  the  berries  are  gatliercd. 
The  pulping-mill  used  for  this  purpose  consists  of  a 
horizontal  fluted  roller,  turned  by  a  crank,  and  acting 
against  a  movable  breast-board,  so  placed  as  to 
prevent  the  passage  of  whole  berries  between  itself 
and  the  roller.  The  pulp  is  then  separated  from  the 
seeds  by  washing  them,  and  the  latter  are  spread  out 
hi  the  sun  to  dry  them.  It  is  then  necessary  to 
remove  the  membranous  skin  or  parchmciif,  which  is 
eifeotedby  means  of  heavy  rollri  s  I  Mii!ii!ij  in  ■:  i:(in:,'li 
wherein  the  seeds  are  put.     T'  I  liy 

cattle.  The  seeds  arc  afterw.-ii.!  n  i,  <  i  i-  (pa- 
rate  the  chaff,  and  if  any  amon-^  tin  :!i  :,■;  i  -.r  t-  Imvp 
escaped  the  action  of  the  roller,  they  are  again  passed 
through  the  mill." ' 

There  are  several  varieties  of  the  coffee-tree,  the 
result  of  differences  in  soil  and  climate.  Arabia  is 
its  reputed  native  country ;  but  the  virtues  of  the 
berry  are  said  to  have  been  first  known  in  Persia.  Its 
use  was  for  some  time  checked  l.ytlie  Syrian  Govorn- 

stantinnplr  ,      "  ^  ;       I  ! 

Pasqua,  a  Greek,  who  was  brought  to  London  in  lO'oi 
l)y  a  Turkey  merchant  named  Edwards.  About  1699 
the  quantity  of  coffee  consumed  in  the  United  King- 
dom was  100  tons  a-ycar,  of  which  70  were  used  in 
England.  It  was  sold  in  druggists'  shops  at  about 
2.5.  Sd.  per  pound. 

Coffee  is  supposed  to  owe  its  refreshing  character 
to  a  peciiliir  r'l-.iv:!  ].!i!M  :■.:>■,  CiiTiine,  which 
appears  to  1  .    I         ,  '  '     mmhI  from  Tea 

[Thcine).     'J  ■—  '  -   Hie  class   of 

azotized  baMo  buiin .,,  ai.d  iVum  iio  presence  in  two 
substances  so  dissimilar  as  tea  and  coffee,  one  or 
both  of  which  is  in  such  general  use  all  over  the 
world,  it  may  be  supposed  to  l)c  of  importance  to 
om-  arnmal  economy.  IJiIi'l'  Ii  i^  mp)';,!!  i'l  i  the 
composition  of  caflVitu     i     I '   '-:  '  i         <  '  'cil 

to  that  of  various  annr  ,i  m  i  :  :  n  I  : ',  ■  • '  ic  is 
reason  to  believe  th:ii  -'  i,  ,y  .  '  ■  ]••.  I'.r  ^,r!,tion 
of  bile.  A  pound  of  coffee  yields  l)y  snblimaf  ion  on 
an  average  about  15  grains  of  caffeine.  It  may  also 
be  obtained  from  an  infusion  of  raw  coffee  when 
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certain  impurities  have  been  removed  by  subacetate 
of  lead,  and  the  excess  of  lead  by  sulphuretted  hy- 
drogen. It  forms  white  sUky  crystals,  which  are 
sparingly  soluble  in  cold  water,  and  in  alcohol  easily 
by  the  addition  of  heat.    It  has  a  mild  bitter  taste. 

The  following  analysis  of  coffee  berries  has  been 
published  by  Payen : — 


The  peciJiarly  refreshing  and  stimulating  pro- 
perties of  coffee  are  developed  in  the  roasting.  Ac- 
cording to  Cadet,  coffee  roasted  to  a  pale  brown 
colour  loses  12.3  per  cent. ;  to  a  chestnut  brown,  18.5 
per  cent.,  and  to  a  black,  23.7  per  cent.  Schrader 
found  in  roasted  coffee — 


A  portion  of  tannine  appears  to  be  formed  during 
roasting.  "Selirader  endeavoured  to  ascertain  the 
particular  principle  to  which  the  flavour  and  aroma  of 
roasted  coffee  are  due,  by  exposing  each  of  the  proxi- 
mate principles  of  um-oasted  coffee  separately  to  heat ; 
but  lie  found  that  no  one  of  them  yielded  any  peculiar 
n  1.    Ml,  :,>,,!  ii::it  the  ligucous  residue,  when  roasted, 

I         hiuoh   of  the  characteristic  flavour  as 

r  principles  were  retained ;  so  tliat  the 
!l  I".  II  111'  ilii  roasted  coffee  must  be  ascribed  to  the 
jomt  effect  of  heat  upon  aU  the  constituents.  Tlic 
caffeine  seems  to  play  a  very  passive  part  as  far  as 
flavour  is  concerned,  and  a  considerable  proportion  of 
it  remains  unchanged  after  roastmg,  whilst  another 
part  of  it  is  merely  volatilized.* 

The  usual  method  of  roasting  coffee  is  very  simple. 
A  large  iron  drum  containing  the  coffee  is  made  to 
revolve  over  an  open  fire,  as  in  Eig.  597.  The  drum 
is  covered  with  a  case  or  hood,  wliich  eoufhies  the 
heat;  but  when  the  man  wishes  to  see  how  the 
roasting  is  going  on,  he  throws  back  this  hood,  and 
by  turumg  a  handle  at  the  side,  lifts  the  drum  com- 
pletely out  of  the  flre  upon  two  projecting  arms 
which  support  the  axis.  Then  by  opening  a  sliding 
door  in  the  drum,  the  coffee  can  be  examined.  At 
Messrs.  Baby's  establishment  (to  which  we  are  in- 
debted for  much  information,  as  well  as  for  the  pictorial 
sketches  which  illustrate  this  notice,  and  tlie  previous 
notices  of  Chicory  and  CnocoLATE)  they  roast  during 
the  winter  season  about  3  tons  of  coffee  every  day. 
They  calculate  that  the  loss  in  roasting  amounts  to 
rather  more  than  one-fifth,  but  less  than  one-fourth 


of  the  weight  of  tht  green  colTce      The  vipoui  ot  ^ 
watti  which  k  fiist  cxjielltil  c>cii  es  by  an  apirtiu''. 
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pkted  the  bcuics  lu  tiaucd  out  lulo  cooleis,  Fig 
59S,  wlutli  aic  laige  shallow  troughs  with  wiie  g  luze 
bottoms  suspended  between  upught  posts,  and 
balanced  m  the  ceutie  These  troughs  are  attached 
to  a  bar  at  the  side,  which  passes  up  to  the  projecting 
arm  of  a  horizontal  bar,  which  is  moved  through  a 
portion  of  a  ckcle  by  the  reciprocating  action  of 
another  bar  shown  in  front  of  the  figure.  This  causes 
the  tioughs  to  tdt  bitkwards  and  for\\ards,  bj  which 
means  the  bcrnes  are  kept  m  constant  motion,  and 


are  fieely  exposed  to  the  an  untd  they  arc  cold,  and 
any  husk  or  dust  is  sepaiated,  and  falls  out  through 
the  meshes  of  the  wue  This  coobug  seems  to  be 
hcc(>bsuy,  for  loasted  coffee,  especially  in  laige  quan- 
t  It  lis,  IS  bable  to  heat,  and  to  such  a  degiee  when 
giound  as  to  talve  fire  Some  mystcuous  accidents 
fioin  fue  have  been  refer led  to  this  cause,  such  as  the 
buining  of  a  frigate  in  the  poit  of  Cioustadt,  when 
no  file  had  been  m  hei  foi  so\eral  dajs  before  M 
Geoigi  roasted  a  quantity  of  coffee  untd  blown,  and 
without  grinding  it  tied  it  up  in  Imen  and  set  it  by 
No  paitioular  result  was  observed,  but  when  two 
pounds  of  loasted  coffee  were  ground  to  powder  and 
tied  up  in  a  similar  manner,  it  took  fire  and  continued 


to  bum  until  it  wis  leduced  to  ashes.  Similar  trials 
weie  made  with  loasted  bailey  and  rice,  with  the  same 

When  coffee  is  loasted,  a  quantity  of  water  is  given 
off  m  the  form  of  steam,  so  that  the  berries  are  for 
a  time  exposed,  at  a  lugh  temperature,  to  an  atmo- 
sphere of  wateiy  vapour  Judging  from  the  injurious 
effects  upon  many  plants  used  in  medicine,  of  drying 
them  in  a  confined  space  where  their  watery  particles 
cannot  freely  escape,  it  seems  probable  that  this 
confined  vapour  must  be  injuiious  to  the  coffee.  If 
coffee  be  heated  m  a  glass  mattrass  and  stirred  so  as 
to  prr\cut  buuiing,  it  soon  acquires  a  very  unpleasant 

I  ui  li  I    il     «  iter  being  confined ;  but  if  a  sample 

II  lilt  roasted  on  a  flat  sui-face  exposed 
I  1 1  1 1  n  IS  no  such  residt.  By  continuing 
ill  1  t  Itn  tliL  i,icatei  part  of  the  water  has  been 
expelled,  the  coffee  begms  to  grow  brown,  and  as  the 
pioeess  IS  continued,  it  is  obvious  that  the  interior  of 
each  kernel  must  be  roisted  to  a  less  degree  than 
the  extcnoi  portion  This  undcr-roastmg  of  the 
inteiior  produces  a  law  flivour.  If,  however,  the 
roasting  be  continued  untd  the  inside  is  properly 
done,  then  the  outside  wiU  be  roasted  too  much ;  the 
consequence  of  which  will  be  a  burnt  and  bitter 
flavour.  We  therefore  cordially  agree  with  the  sug- 
gestion made  by  Mr.  Donovan,'  that  the  green  coffee 
be  dried  in  a  large  shallow  iron  pan  over  a  very  gentle 
file,  constantly  stiiiing  until  the  colour  become  yellow 
this  will  dispel  the  gieater  part  of  the  «atti  The 
berries  should  then  be  pounded  uito  eoaise  fi  igmcuts, 
each  kernel  mto  4  oi  5  paits  foi  example,  aid  tians- 
fened  to  a  close  loastnig  apparatus  and  loistcd  to 
the  piopei  degice  The  dealers,  to  prc\eiit  what 
thcv  think  too  much  loss  of  weight   coiiim  nK  luulci 
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\oui,  and  less  than  this 

.     -iMien  giouud. 

Di  even  when  whole,  the 

coloui  should  be  a  biight  chocolate,  and  the  bqiud 
coilee  of  a  bidliaut  brown  with  a  tmge  of  onnge 

Those  who  hi\e  kisuic  to  loist  (hen  own  coffee, 
may  fiist  diy  it  in  i  thm  hyci  in  ifninj;iiin  o\ei 
a  slow  file,  fiequcutlv  siuimg  wlun  all  the  moistuic 
IS  expelled,  let  the  loaslmg  be  dune  ui  a  cuminun  glass 
od  flask  this  w  dl  roast  as  much  as  a  quai  tei  of  a 
pound  at  a  time,  but  it  is  best  to  loast  only  as  much 
as  IS  wanted  at  one  time  The  flask  will  beai  the 
heat  of  a  naked  fire  without  injuiv,  but  it  should  be 
kept  coustantlj  tuiniug  round  The  common  sliett- 
rron  loastei  is  not  only  lujuiious  fiom  its  confiumg 
the  vapoui,  but  also  fioiu  its  conducting  tht  heat  too 
quickly  The  glass  bemg  a  bad  conductoi  is  fiee 
from  this  latter  defect  The  common  sheet  uon 
roaster  would  be  gieatly  mipioved,  if,  as  Mi  Donovan 
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suggests,  it  were  made  double ;  that  is,  one  cylinder 
within  another,  half-au-inch  space  being  left  between 
them.  The  roaster  should  never  be  filled  more  than 
oue-tliird,  for  by  roasting  the  bulk  is  nearly  doubled. 

Mr.  Donovan  proved  that  grocer's  coffee  is  not 
sufficiently  roasted,  by  the  following  experiment. 
4oz.  of  grocer's  ground  coffee  were  boiled  in  suc- 
cessive pints  of  water,  until  the  last  had  scarcely 
taste  or  colour :  the  grounds  were  then  dried  before 
the  fire  and  roasted  in  an  oil  flask,  and  being  boiled 
in  a  pint  of  water  the  decoction  had  a  strong  taste 
of  coffee,  although  it  was  too  bitter. 

The  question  whether  coffee  should  be  boUed  or 
infiised  may  be  thus  answered : — By  infusion  in  boiling 
water,  the  aroma  is  extracted  and  a  portion  of  the 
bitter;  by  long  boiling  the  whole  of  the  bitter  is 
extracted  and  all  the  aroma  dissipated.  Now  an  ex- 
cellent method  of  making  good  coffee  is  to  put  a 
liberal  supply  (such  as  2i  ounces  to  the  imperial 
quart  measure  of  water)  of  freshly  roasted  and  finely 
ground  coffee  into  the  coffee-pot ;  pour  over  it  cold 
water  iu  quantity  rather  more  than  half  the  requii-ed 
quantity  of  liquid  coffee,  place  tlus  on  the  fire,  and 
the  moment  it  boils  remove  it :  it  should  be  allowed 
to  subside  for  a  few  seconds,  and  then  be  poui-ed  off 
as  clear  as  it  will  run.  The  remaining  h;df  of  the 
water  at  a  boUiud;  heat  is  next  to  be  poured  on  the 
grounds;  the  vessel  is  to  be  placed  on  the  fu-e  and 
kept  boiling  for  three  minutes :  this  wiU  extract  the 
bitterness.  After  subsiding  for  a  few  moments,  the 
clear  part  is  to  be  poured  off  and  mixed  with  the 
former  liquor.  The  mixed  liquor  will  be  quite  hot 
enougli,  and  will  contain  all  the  desii'able  qualities  of 
coffee  in  perfection. 

After  the  above  dii-ections  it  is  not  necessary  to 
notice  the  numerous  forms  of  coffee-pot  which  are 
brought  before  the  public  with  so  much  pretension. 
The  percolator,  introduced  by  Count  Rmnford,  has 
been  repeated  under  a  great  variety  of  fonns :  the 
objections  to  it  are,  that  it  does  not  exhaust  the 
ground  coffee  of  its  vii-tucs,  and  that  the  liquor 
requires  so  long  a  time  to  percolate,  that  it  is  too 
nnich  cooled  before  it  passes  through. 

Tlie  use  of  a  small  quantity  of  carbonate  of  soda 
is  said  to  improve  coffee.  Professor  Pleischl  states, 
that  the  well-water  of  Prague  is  admitted  by  all  to 
be  better  adapted  to  the  making  of  coffee  than  the 
river-water  of  that  place.  On  examining  the  well- 
water  he  found  it  to  contain  a  small  portion  of  car- 
bonate of  soda.  He  therefore  recommends  the 
addition  of  43  grains  of  the  pure  carbonate  tt,  every 
pound  of  roasted  coffee :  tliis,  he  says,  wiU  improve 
the  flavour,  and  increase  its  therapeutic  effects  by 
neutralising  the  acid  contained  in  the  infusion. 

Those  who  use  fining  materials  will  find  a  piece  of 
clean  eel  or  sole  skin  answer  the  purpose,  or  still 
better,  white  of  egg  prepared  by  pouring  the  white 
of  a  number  of  eggs  into  a  large  flat  dish,  and  ex- 
posing tills  for  12  or  14  hours  to  heat  in  front  of  the 
fire.  As  the  water  evaporates,  the  albumen  forms 
into  a  yellow,  transparent,  hard,  sliining  brittle  mass, 
wb'di  scales  off  at  the  least  touch,  a  test  that  it  is 


properly  done.  This  may  be  kept  in  a  bottle  for  a 
great  length  of  time,  and  when  wanted,  a  small  piece 
of  about  the  weight  of  a  sixpence  is  sufficient  to 
clear  3  oxinces  of  coffee.  It  must  be  thro^^■n  into 
that  half  of  the  water  which  is  to  be  boiled,  and 
when  the  two  portions  are  afterwards  mixed,  the 
coffee  wiU  become  quite  transparent  in  a  minute  or 

The  addition  of  a  single  tea-spoonful  of  port 
wine  improves  the  flavour  of  coffee.  It  is  common 
on  the  continent  to  use  ardent  spirits  with  coffee ;  this 
however  is  not  coffee  drinking,  but  dram  drinking. 

The  duty  on  coffee,  by  tlie  new  tariff,  was  fixed  at 
6c?.  per  lb.  from  foreign  countries,  and  4(/.  per  lb. 
from  British  possessions.  This  reduction  of  duty 
has  led  to  a  reduction  in  the  prices  of  coffee  of  from 
15  to  22  per  cent. ;  and  yet,  while  the  increased  con- 
sumption of  sugar,  and  of  every  other  taxed  article, 
has  during  the  same  period  furnished  conclusive 
evidence  of  the  soundness  of  the  doctrine,  that  every 
judicious  reduction  of  taxes  must  eventually  more 
than  compensate  tlie  Exchequer  for  the  temporary 
sacrifice  of  revenue,  coffee  alone  has  presented  the 
anomalous  and  exceptional  instance  of  a  commodity 
whose  consumption  has  not  only  not  increased,  but 
has  actually  decreased  as  its  price  has  diminished. 
In  184G,  there  were  entered  for  home  consumption 
30,793,061  lbs.  of  coffee,  in  1819  only  34,431,071  lbs., 
and  in  1S60,  after  a  lapse  of  eleven  years,  only 
35,674,381  lbs.  The  revenue  from  coffee  has  of 
course  also  fallen  off  proportionally,  the  receipts 
having  been  643,218/.  in  1849,  and  only  442,120/. 
in  1858.  This  falling  off  cannot  be  attributed  to 
a  diminished  demand  for  the  article  called  or  mis- 
named coffee,  but  to  an  extensive  system  of  adul- 
teration. For  some  time,  chicory  was  the  chief 
article  used  in  adulterating  coffee ;  but  it  is  stated 
that  "there  are  other  roots  which,  when  kiln-drieil, 
curl  up,  and  assume  the  same  appearance  as  chicory 
root ;  the  parsnip,  the  while-carrot,  the  beet-root, 
tlie  radish,  and  any  such.  Many  of  the  growers 
of  chicory  have  hit  upon  the  plan  of  adulterating  it, 
by  the  addition  of  these  roots,  to  the  extent  of  25 
and  frequently  50  per  cent."  Nor  are  torrefied 
vegetables  the  only  fraudulent  substitutes  for  cofl'te, 
nor  the  most  deleterious.  It  is  stated  by  some  of 
the  London  memorialists  on  this  subject,  that  the 
substances  most  largely  used  are  roasted  acorns,  peas, 
beans,  red-pottery  earth,  sand,  mahogany  saw-dust, 
colom-ing-matter,  and  finings.     [See  Appekdix.] 

COFEER-DAM,  see  Bkidge. 

COG,  see  Whejsl. 

COHESION,  (Lat.  eoherere,  to  hold  together,) 
the  force  by  which  particles  of  matter  form  coUccf  ive 
masses,  requiring  the  application  of  force  to  separate 
them.  The  common  notion  of  matter  in  the  solid 
and  liquid  states  is,  that  the  particles  of  which  they 
are  composed  are  in  absolute  contact.  This  view, 
however,  is  quite  inconsistent  with  the  well-known 
property  of  matter,  to  expand  by  heat,  and  to  con- 
tract by  cold:  it  is  also  inconsistent  with  other 
facts,  such  as  the  peculiar  manner  iu  which  liquids 
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mingle ;  water  and  sulphuric  acid,  or  water  and 
alcohol,  for  example,  when  mingled  together,  produce 
an  apparent  penetrability  of  matter;  a  pint  of 
water  and  a  pint  of  sulphuric  acid  producing  con- 
siderably less  than  two  pints  of  the  mixtm-e.  We 
may  also  notice  the  intimate  manner  in  which 
liquids  penetrate  into  the  interior  of  solids.  The 
particles  of  the  stone  filter  allow  water  to  pass 
through,  which  would  not  be  the  case  if  those  particles 
were  contiguous  or  in  contact.  Hence  the  particles 
must  be  separated  by  interstitial  spaces,  by  some 
force  which  tends  to  remove  them  further  apart; 
while  another  force  acting  in  an  opposite  direction, 
tends  to  unite  them  or  to  bring  them  closer  together. 
This  latter  force  is  called  cohesion,  and  the  foi-mer  is 
supposed  to  be  heat. 

The  nature  of  this  attractive  force,  or  cohesion,  is 
not  known.  There  are  similar  forces  in  nature,  such, 
for  example,  as  are  exhibited  by  vitreous  and  resmous 
substances,  which  acquire  by  simple  friction  the  pro- 
perty of  atti-acting  light  bodies ;  so  also,  the  lode- 
stone  attracts  ii'ou,  and  is  attracted  by  it.  The 
celestial  bodies  gravitate  towards  each  other  \nth  a 
force  which  is  dii-ectly  as  theii-  mass,  and  inversely  as 
the  squares  of  their  distances.  The  forms  of  these 
bodies,  as  well  a.s  the  form  of  our  earth,  are  such  as 
masses  of  matter  would  natm-ally  take  when  impressed 
with  a  rotatory  movement,  supposing  their  particles 
in  the  first  instance  to  be  fi-ee  to  move  according 
to  the  above  law.  The  attraction  is  less  apparent, 
but  not  less  real,  when  exerted  between  the  particles 
of  solid  and  those  of  liquid  bodies,  into  which  they 
are  plunged.  Examples  of  this  ai-e  given  under 
Capillahy  Attraction.  The  wonderful  changes 
which  are  brought  about  in  chemistry,  result  from 
the  operation  of  forces  acting  only  at  very  small 
distances,  modified  however  by  the  nature  of  the 
particles,  or  by  their  form,  or  by  both  together.  The 
infinite  number  of  particles  which  react  on  each 
other,  and  the  variety  of  circumstances  which  modify 
theii-  properties,  render  this  subject  very  complex. 

The  great  antagonist  of  cohesion  is  Iieat.  A  bar 
of  metal  exposed  to  its  influence  expands,  that  is, 
the  particles  are  separated  from  each  other  to  greater 
distances  ;  by  continuing  the  application  of  heat,  the 
force  of  cohesion  may  be  so  far  weakened,  that  the 
particles  will  glide  over  each  other  and  fonn  a  liquid ; 
that  this  is  a  forced  state,  is  evident  from  the  fact 
that  by  withdrawing  a  considerable  portion  of  the 
heat,  the  particles  approach  closer  together,  until  the 
solid  state  is  formed  ;  a  further  reduction  of  tempcra- 
tui'e  brings  them  stiU  closer  together,  and  causes  the 
solid  to  contract,  or  in  other  words,  the  attractive 
force  of  cohesion  prevails  over  the  repulsive  force  of 

But  this  separation  of  particles  can  be  carried  much 
further  in  some  bodies  than  in  others  -.  in  water,  for 
example,  a  range  of  temperature  from  32°  to  212°, 
which  would  have  very  little  effect  on  a  bar  of  metal, 
is  sufficient  to  render  water  solid  at  the  lower  tem- 
perature, liquid  at  intermediate  temperatures,  and 
vaporiform  at  the  higher  temperatui-a.     Now,  the 


water  in  the  state  of  vapour  occupies  a  space  1,600 
times  greater  than  in  the  liquid  state :  nevertheless, 
it  has  not  changed  its  nature  :  its  particles  are  separ 
rated  to  so  great  a  distance  from  each  other  as  to  be 
invisible ;  but  we  have  only  to  lower  the  temperatui-e, 
and  they  will  reunite  into  di-ops  and  return  to  the 
state  of  liquid.  On  continuing  to  lower  the  tempera- 
ture, we  an-ive  at  a  point  when  water  not  only 
ceases  to  contract  by  cold,  but  apparently,  in  opposi- 
tion to  the  universal  law,  expands.  This  point,  at 
which  water  is  in  its  state  of  greatest  condensation 
by  cold,  is  39.45°  Pahr. :  below  this,  any  reduction 
of  temperature  down  to  32°  produces  expansion, 
during  which  the  particles  probably  arrange  them- 
selves into  that  state  or  condition  necessary  to  the 
freezing  or  crystallization  of  water.  At  32°  the  fluid 
water  becomes  solid  ice,  and  a  stiU  further  and  sudden 
expansion  takes  place  the  moment  the  water  becomes 

But  the  state  of  vapour  is  not  the  last  term  of  this 
remarkable  series  of  changes.  If  we  pass  vapour  of 
alcohol  through  a  red-hot  porcelain  tube,  the  constitu- 
ents of  the  alcohol  separate  :  solid  carbon  is  deposited, 
and  the  other  constituents  are  evolved  in  the  aerifonn 
state,  in  the  form  of  permanent  gases,  which  cannot 
be  reduced  to  the  liquid  form  by  any  amount  of  cold 
which  we  can  command.  Now,  in  this  case,  as  well 
as  in  the  case  of  water  in  the  vaporiform  state,  the 
cohesion  of  the  particles  is  not  only  entirely  over- 
come ;  not  only  is  their  mutual  attraction  destroyed ; 
but  a  force  of  an  entirely  opposite  nature  is  generated ; 
the  particles  repel  each  other  with  an  intensity  de- 
pending on  the  temperatm-e.  It  is  tins  repulsive 
force  which  leads  to  the  bursting  of  steam-boilers,  and 
which  gives  elasticity  to  air-cushions.  Only  there  is 
this  difi'erence,  that  the  vapour  of  water  and  other 
liquids  can  by  simple  reduction  of  temperature  be 
condensed  again  into  liquids;  whereas  gaseous  bodies, 
such  as  oxygen,  hydrogen,  and  nitrogen,  have  never 
been  condensed  into  liquids  by  the  application  of 
intense  cold  and  pressure.  Hence  these  bodies  are 
called  permanently  elastic, — a  term  which  must  not  be 
taken  too  strictly,  because  Dr.  Faraday,  many  years 
ago,  condensed  to  the  liquid  state  eight  gases,  which 
had  previously  been  regarded  as  permanently  elastic ; 
and  more  recently  he  has  not  only  liquefied,  but  solidi- 
fied several  others.  All  the  gases  thus  condensed, 
except  cUorine,  are  compounds.  [See  Cakbonic 
Acid.] 

These  facts  also  tend  to  throw  some  ambiguity  into 
the  term,  "the  natural  state  of  bodies;"  for  the 
solid  state  is  as  natural  to  water  as  the  liquid,  provided 
the  temperature  be  sufficiently  low;  and  the  vaporiform 
state  is  as  natural  as  the  solid  and  the  liquid,  provided 
the  temperature  be  sufficiently  liigh. 

By  hammering,  or  by  other  means  of  compression, 
some  solid  bodies  can  be  made  more  dense,  or,  in  other 
words,  a  larger  amount  of  matter,  or  a  greater  num- 
ber of  particles,  can  be  crowded  into  a  given  space. 
But  there  is,  doubtless,  a  limit  to  this,— a  point  at 
which  the  cohesive  force  ceases  and  the  repulsive 
force  begins.    It  has  also  been  suggested  by  Mossotti 


that  tliore  might  be  an  intermediate  distance,  at  which 
the  particles  neither  attract  nor  repel  one  another, 
but  remain  balanced  in  that  stable  equilibrium  which 
they  appear  to  maintain  in  solid  and  liquid  substances. 
As  the  particles  are  not  in  actual  contact,  Mossotti 
supposes  each  particle  to  be  surrounded  by  an  atmo- 
sphere of  electric  iluid ;  that  the  atoms  of  this  fluid 
repel  one  another ;  that  the  molecules  of  matter  repel 
one  another,  but  with  less  intensity;  and  that  V 
is  a  mutual  attraction  between  the  particles  of  matter 
and  the  atoms  of  the  fluid.  He  also  assumes  those 
forces  which  are  kno\vTi  to  exist,  to  vary  inversely 
as  squares  of  the  distance.  From  the  adjustment 
of  these  three  forces,  the  following  results  have  been 
obtained :' — "  When  the  material  molecules  of  a  body 
are  inappreciably  near  to  one  another,  they  mutually 
repel  each  other  with  a  force  which  diminishes  rapidly 
as  the  infinitely  small  distance  between  the  material 
molecules  augments,  and  at  last  vanishes.  When  the 
molecules  are  still  further  apart,  the  force  becomes 
attractive.  At  that  particular  point  where  the  change 
takes  place,  the  forces  of  repulsion  and  attraction 
balance  each  other,  so  that  the  molecules  of  a  body 
are  neither  disposed  to  approach  nor  recede,  but 
remain  in  eqmlibrio.  If  we  try  to  press  them  nearer, 
the  repidsive  force  resists  the  attempt ;  and  if  we 
endeavour  to  break  the  body,  so  as  to  tear  the  particles 
asunder,  the  attractive  force  predominates,  and  keeps 
them  together.  This  is  what  constitutes  the  cohesive 
force,  or  force  of  aggregation,  by  whieli  the  molecules 
of  all  substances  are  united.  The  limits  of  the  distance 
at  wliich  the  negative  action  becomes  positive,  vary 
according  to  the  temperature  and  nature  of  the  mole- 
cules, and  determine  whether  the  body  which  they 
form  be  solid,  Kqnid,  or  aeriform.  Beyond  this  neutral 
point,  the  attractive  force  increases  as  the  distance 
between  the  molecules  augments,  till  it  attains  a 
maximum ;  when  the  particles  are  more  apart,  it 
diminishes;  and  as  soon  as  they  arc  separated  by 
finite  or  sensible  distances,  it  vuu  ,  inin  \\\  ;i  iluir 
mass,  and  inversely  as  the  siin  ii  i-,-, 

which  is  precisely  the  law  of  i   ,  hi. 

In  aeriform  fluids,  the  particles  nl  iniiiii  ,iiv  mure 
remote  from  each  other  than  in  liquids  and  solids ; 
but  the  pressure  may  be  so  great  as  to  reduce  an 
aerifoi-m  fluid  to  a  liquid,  and  a  liquid  to  a  solid,  as 
in  Faraday's  experiments. 

"  If  the  particles  approach  sufEciently  near  to  pro- 
duce equilibrium  between  the  attractive  and  repulsive 
forces,  but  not  near  enough  to  admit  of  any  influence 
from  their  form,  perfect  mobility  will  exist  among 
them,  resulting  from  the  similarity  of  their  attrac- 
tions, and  they  will  offer  great  resistance  when  com- 
pressed; properties  which  characterise  liquids,  in 
which  the  repulsive  principle  is  greater  than  in  the 
gases.  When  the  distance  between  the  particles  is 
still  less,  soUds  are  formed ;  but  the  nature  of  their 
structure  wiU  vary,  because  at  such  small  distances 
the  power  of  the  mutual  attraction  of  the  particles 
will  depend  upon  their  form,  and  will  be  modified  by 
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the  sides  they  present  to  one  another  during  their 
aggregation.  Besides  these  three  conditions  of  matter, 
there  is  an  infinite  variety  of  others,  correspondiug  to 
the  various  limits  at  wliioh  the  two  contending  forces 
are  balanced,  which  may  be  observed  in  the  fusion  of 
metals,  and  other  substances,  passing  from  hardness 
to  toughness,  viscidity,  and  through  all  the  other 
stages  to  perfect  fluiility,  and  even  to  vapom-. 

"The  effort  requii-ed  to  break  a  substance  is  a 
measm-e  of  the  cohesive  force  exerted  by  its  particles, 
which  is  as  variable  as  the  intensity  of  the  repulsive 
principle.  In  stone,  iron,  steel,  and  all  brittle  and 
hard  bodies,  the  cohesion  of  the  particles  is  powerful, 
but  of  small  extent.  In  elastic  substances,  on  the 
contrary,  its  action  is  weak,  but  more  extensive. 
Since  all  bodies  expand  by  heat,  the  cohesive  force 
is  weakened  by  an  increase  of  temperature. 

"  Every  particle  of  matter,  whether  it  forms  a  con- 
stituent part  of  a  solid,  liquid,  or  aeriform  fluid,  is 
subject  to  the  law  of  gravitation.  The  weight  of  the 
atmosphere,  of  gases  and  vapour,  shows   that  they 

force  is  not  sullii  i>         ,     ■,  ,    .lelion 

of  gravitation.     Tin  i>  i   .' ,  ...i  ^.iHi^'i  ,  i.  n  ^  iii|"iuent 

scattered  by  their  weight,  unless  when  it  is  confined 
in  a  vessel,  or  has  already  descended  to  the  lowest 
point  possible,  and  assumed  a  level  surface  from  the 
mobility  of  its  jiarl  ie'r  .unl  liu  rilnnirr  ,>i'  liir  gra- 
vitating force,  a^  I  .  Sniids 
would  also  fall  to  [iiM                                       ,    fiirics, 

if  the  force  of  cohr-h.n  «,.,   m^i  |h,\im  inl  n yh  to 

resist  the  efforts  of  gravitation." 

1  examples  of  the  force  of  cohesion  we  may 
mention  the  spherical  form  of  rain-drops ;  the  difti- 
culty  of  detaching  a  plate  of  glass  from  the  surface 
of  water, — the  cohesion  of  the  upper  layer  of  water  in 
contact  with  the  glass  to  the  layer  immediately  beneath 
it  resisting  the  separation ;  the  perfect  manner  in 
which  two  freshly-cut  sm-faces  of  caoutchouc  unite 
being  pressed  together :  the  force,  often  amounting 
a  considerable  weight,  required  to  separate  two 
smooth  plates  of  brass  or  glass  which  have  been  firmly 
pressed  together  with  a  screw-like  motion ;  these  and 
"ir  examples  of  the  force  of  cohesion  are  inde- 
pendent of  atmospheric  pressure :  the  plates  of  metal 
will  cohere  and  support  the  same  weight  attached  to 
the  lower  plate  when  the  plates  are  suspended  by  the 
upper  one  in  the  exhausted  receiver  of  an  air-pump. 
narkal.lc  instance  of  cohesion  is  meulioucd  by 

large  plaN  .  \  ..     !,.,.,   !:"„:;i,   ,,,|,.|.,,i.  ,!,. ,n-e. 

fully  «lli>.  ,        .        :  .  '     each 

otheraliii'.r  u,r\,..,,  d, ■..■iUw-\ikr  I |.,s  ,„,  ;,  liook- 

shelf.  In  tlic  course  of  time,  and  iu  this  position, 
tlie  surfaces  cohere  with  a  greater  or  less  degree  of 
force,  and  in  some  cases  it  was  found  impossible  to 

•ate  the  plates  without  breaking  them ;  in  this 
way  three  or  four  plates  have  become  so  intimately 
incorporated,  that  they  could  be  worked  as  one  plate, 
cut  with  the  diamond,  and  ground  into  shape.     Some 

(2)  "  Elcmens  de  Physique  ExpSrimenlale."    Liv.  VI. 
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specimens  of  glajs  which  liad  thus  gvov.-n  together  at 
the  ordinary  temperature,  and  by  contact  o:dy,  ap- 
peared as  if  they  had  been  fused  together:  a  very 
powerful  mechanical  force  was  required  to  make  the 
uniting  surfaces  slide  upon  each  other,  and  when  they 
were  apparently  separated  it  was  found  that  one  sur- 
face had  torn  off  large  flakes  of  glass  from  the  other. 
Some  remarkable  effects  of  the  cohesion  of  liquids 
have  been  observed  by  M.  P.  Domiy,'  who  found 
that  a  syphon  gauge  constructed  by  him  witli  sulphuric 
acid,  (perfectly  free  from  air,)  for  the  purpose  of 
testing  the  air-pump  vacuum,  was  useless ;  the  acid 
remaiuiag  stationary,  it  being  sustained  by  its  adhesion 
to  the  tube,  and  the  cohesion  between  its  own  particles. 
By  means  of  these  forces  alone  a  column  of  sulphm-ic 
acid  (free  from  air)  was  sustained  i  feet  in  height  eveu 
iu  a  perfect  vacuum,  although  the  apparatus  was  re- 
peatedly agitated.  With  distilled  water  free  from  air 
the  same  phenomenon  was  observed;  and  by  a  series 
of  comparative  experiments  the  author  is  led  to  believe 
that  cohesion  alone  can  sustaiu  a  column  of  water 
over  33  feet.  It  is  the  absence  of  air  aloue  that  allows 
the  particles  of  liquids  to  approach  each  other  more 
closely  and  exercise  more  powerfully  their  cohesion, 
which,  when  air  is  present,  interferes  but  slightly 
with  the  changes  that  liquids  undergo;  as,  for  instance, 
ebullition,  whi-ch  happens  at  about  the  temperature 
at  wlueh  their  vapours  enter  into  equilibrium  with 
the  atmospheric  pressure.  But  if  water  is  as  free 
from  aur  as  it  is  possible  to  make  it,  it  can  be  heated 
to  the  temperature  of  275°  Fahr.  without  manifesting 
the  slightest  traces  of  ebullition,  and  that  even  in  a 
vacuum.  This  remarkable  fact  has  been  proved  by 
experiment,  the  instrument  used  for  it  being  a  kind 
of  water  hammer,  so  arranged  that  the  vapour  in  the 
upper  part  could  not  be  heated,  and  thereby  exercise 
a  pressure  on  the  water, — which  was  heated  to  275° 
without  the  cohesion  of  the  particles  giving  way ; 
showing  that  this  force  was  superior  to  the  pressure 
of  3  atmospheres,  as  under  ordiiaary  circmiistances 
water,  heated  to  275°,  furnishes  a  vapour  equal 
to  that  pressure.  But  if  the  water  heated  to  this 
high  temperatm-e  be  divided  in  any  way,  steam  is 
instantly  disengaged  and  with  great  violeuce,  the 
temperature  at  the  same  time  falling.  In  this  way 
those  sudden  bui-sts  of  vapour  which  are  often  so  an- 
noying during  the  evaporation  of  liquids,  are  explained. 
At  the  first  part  of  the  ebullition,  whUe  air  is  present, 
the  vapour  is  uniformly  produced,  the  temperature  of 
the  water  and  of  the  vapour  being  the  same ;  but  the 
air  once  gone,  the  cohesion  of  the  liquid  interferes  in 
the  process ;  this  induced  the  author  to  try  what  effect 
a  current  of  air  passing  through  the  liquid  would  have 
in  preventing  these  explosions,  which  resulted  in 
perfect  success.  M.  Donny  thinks  that  the  cause  of 
certain  explosions  of  boilers  may  be  deduced  from 
these  facts,  and  proposes  as  a  means  of  preventing 
them,  to  throw  iu  at  the  bottom  of  the  boiler  a  small 
stream  of  air.  These  experiments  have  an  important 
bearing  upon  the  point  of  ebullition  of  liquid; 


Some  remarkable  experiments  by  Professor  Henry, 
on  the  cohesion  of  water,  are  recorded  in  the  Pro- 
ceedings of  the  American  Philosophical  Societv  for 
April,  1S14.  The  professor  attempted  to  measure 
the  cohesion  of  water  by  weighing  the  quantity  of 
water  which  adhered  to  a  soap-bubble  just  before  it 
burst,  and  determining  the  thickness  of  the  film  by 
observing  the  colour  it  exliibited  in  comparison  with 
Newton's  scale  of  thin  plates.  Although  experiments 
of  tliis  kind  could  only  furnish  approximate  results, 
yet  they  showed  that  the  molecular  attraction  of 
water  for  water,  instead  of  being  only  about  53  grains 
to  the  square  inch,  according  to  the  theory  of  capil- 
larity of  Young  and  Poisson,  is  really  several  hundred 
pounds,  and  is  probably  equiJ  to  that  of  the  attrac- 
tion of  ice  for  ice.  The  cohesion  of  the  particles  of 
water  was  furtlier  illustrated  by  blowing  a  bubble  at 
one  extremity  of  a  bent  tube  :  on  ceasing  to  blow, 
and  removing  the  thmnb  from  the  other  end  of  the 
tube,  such  was  the  contractile  force  of  the  bubble, 
that  it  sent  a  current  of  aii-  out  of  the  open  end,  suf- 
ficient in  force  to  blow  out  a  candle. 

COINING.  The  first  edition  of  this  work  con- 
tained an  article  under  this  head,  in  which  were 
described  the  principal  machines  and  processes  con- 
nected with  the  coining  of  money  at  the  Royal  Mint. 
Since  the  date  of  that  information  a  large  number  of 
improvements  have  been  introduced  leading  to  the 
necessity  of  a  new  article  on  the  subject,  which  has 
been  most  kindly  and  liberally  prepared  for  us  by 
G.  F.  Ansell,  Esq.,  the  talented  engineer  of  the  Royal 
Mint.  This  article  is  so  complete,  and  is  illustrated 
with  so  large  a  number  of  figures,  made  expressly  for 
the  purpose,  that  we  have  no  space  for  it  here ;  but 
it  will  be  found  in  the  Appendix.  We  therefore 
cancel  the  Cyclopaedia  article,  and  substitute  for  it  some 
interesting  details  from  the  "  Report  of  the  Select 
Committee  on  the  Royal  Mint,"  1S37 ;  the  "  Report 
of  the  Commissioners  Appointed  to  Inquire  into  the 
Constitution,  Management,  and  Expense  of  the  Royal 
Mint,"  1S19  ;  also  "  Copy  of  Reports  to  show  the 
Changes  that  have  been  made  in  the  Management  of 
the  Royal  Mint,  and  its  Present  State,"  1S52. 

The  business  of  coining,  or  the  "  Mystery  of  the 
Mint,"  is  the  art  of  putting  stamps  on  pieces  of  metal 
made  of  a  prescribed  standard  or  quality,  and  other- 
wise so  prepared  as  when  of  the  same  denomination 
to  be  uniform  in  appearance,  and  equal  to  each  other 
in  dimensions  and  weight.  The  first  method  em- 
ployed in  the  preparation  of  money  was  that  of  pour- 
ing melted  bullion  into  earthen  moulds,  previously 
impressed  by  the  devices  the  coins  were  intended  to 
bear.  In  such  case  the  only  apparatus  required  were 
a  small  cylindrical  vessel  used  as  a  smelling  furnace, 
a  few  crucibles  and  moulds,  a  pair  of  tongs,  a  cut- 
ting tool  or  file,  and  a  set  of  weighing  scales.  This 
system  was  superseded  by  another  in  which  the 
melted  bullion  was  poured  thi'ough  a  sieve  (as  in  the 
modern  method  of  casting  leaden  shot),  and  the 
resultmg  globules  having  been  placed  on  a  stone,  and 
struck  by  a  stamp  with  a  hammer,  were  thus  flattened, 
and  the  upper  sides  impressed  with  the  device  borne 


by  the  die.  Such  coins,  bearing  inscriptions  on  one 
side  only,  are  now  in  circulation  in  Assam.  It  is 
stated  that  by  a  method  combining  the  moulding  pro- 
cess of  the  first  system  with  tlie  use  of  stamps  in  the 
second,  the  Greek  coins,  referred  to  as  the  finest  in 
the  world,  were  produced.  Such  a  method,  however, 
was  inconvenient,  tedious,  and  expensive.  The  next 
method  was  to  cast  cylindrical  ingots  of  sizes  corre- 
sponding with  the  diameters  of  the  coins  intended  to 
I)!'  prepared,  and  as  the  pieces  cut  transversely  from 
such  ingots  were  already  circular,  they  had  only  to  be 
adjusted  in  weight  by  a  file,  and  to  be  struck  between 
dies  by  a  hammer,  to  be  complete  for  issue.  Oue  ob- 
jection to  this  method  was,  that  such  bars  are  usually 
found  porous,  aud  often  perforated  by  cavities,  so  as 
to  occasion  the  waste  and  delay  of  repeated  meltings. 
Mr.  Ruding,  in  his  "  Annals  of  the  Coinage  of  Great 
Britain,"  expresses  the  opinion  that  the  last  mode  of 
coining  was  not  usually  adopted  in  the  once  nume- 
rous Mints  of  England,  but  that  after  the  coins  came 
to  be  stamped  on  both  sides,  the  rude  and  inartificial 
expedient  adopted  was  that  of  fixing  one  die  firmly  in 
a  block  of  wood,  and  holding  the  other  iu  the  hand, 
when  by  striking  the  latter  forcibly,  and  repeatedly, 
with  a  hammer  on  the  piece  of  bullion  placed  between 
the  dies,  the  impressions  required  were  at  length 
worked  out.  It  appears  that  the  money  struck  iu 
the  eighteenth  year  of  Edward  I.  was  made  first  by 
casting  the  bullion  into  long  bars,  which  were  cut 
with  shears  into  square  pieces  of  exact  weight ;  then 
with  the  tongs  and  hammer  they  were  forged  into  a 
round  shape,  after  which  they  were  blanched  by 
Healing  or  boilmg,  and  afterwards  stamped  with  a 
hammer  to  make  them  perfect  money.  This  method 
continued  in  use  until  1561,  when  the  "screw-fitted 
coining  press,"  an  invention  first  brought  into  use  in 
the  French  Mint,  was  introduced,  although  the  old 
method  of  coining  by  tlie  hammer  was  not  entirely 
superseded  until  1662.  The  Report  regards  the  first 
stage  in  the  history  of  coining  as  commencing  from 
the  time  when  the  art  was  first  practised  in  this 
country,  and  extending  to  the  latter  date ;  while  the 
second  stage  of  its  mechanical  advancement  was  ter- 
minated, in  1788,  by  the  great  improvements  intro- 
duced by  Mr.  Boulton,  when  he  invented  the  machinery 
which  was  brought  into  use  in  the  London  Mint  in 
1810.  It  may  be  remarked  that  the  heaviest  opera- 
tions were  first  performed  by  manual  labour,  after- 
wards by  the  power  of  water,  or  of  horses,  and  ulti- 
mately by  the  agency  of  steam. 

With  respect  to  the  persons  entitled  to  coin  money, 
it  appears  from  early  records  that  some  of  the  Anglo- 
Saxon  and  early  Anglo-Norman  kings  were  accom- 
panied in  their  progresses  or  wars  by  men  whose 
business  it  was  to  convert  bullion  into  coin.  About 
the  year  928  Athelstan  enacted  that  no  person  should 
"  mint,"  except  iu  a  town ;  and  it  appears  that  up  to 
the  thirteenth  or  fourteenth  century  the  worker  at 
each  Mint  was  furnished  with  one  or  more  pan-  of 
dies  by  an  officer  of  state,  called  the  ctimaior,  one  of 
whose  duties  it  was  to  see  that  the  dies  employed  in 
the  various  Mints  were  of  the  same  type,  and  that  one 
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of  the  dies  of  each  pair  was  engraved  with  the  name 
of  the  minter  by  whom  they  were  to  be  used.  The 
"  monetarius,  minter,  or  Mint  master,"  to  whom  the 
dies  were  delivered,  seems  to  have  been  the  farmer  of 
a  Mint,  or  sole  contractor,  for  conducting  in  it  all  the 
processes  of  coinage.' 

It  appears  that  from  the  time  at  which  Mints  were 
first  established  in  Britain  down  to  the  year  1.511,  the 
contract  for  the  meltings,  as  well  as  for  all  the  other 
operations  of  coinage,  was  held  by  the  master,  and 
that  from  this  period  to  1571,  the  whole  of  these  pro- 
cesses were  farmed  by  the  Crown ;  that  from  this 
date  to  1626  they  were  again  conducted  under  con- 
tract by  the  master ;  that  from  this  year  to  1C70  the 
meltings  only  were  farmed  by  the  Crown,  which  then, 
as  has  since  been  customary,  formed  contracts  with 
other  parties  for  the  raoneying  operations,  and  that 
in  1670  the  melting  contract  reverted  to  the  master, 
who  down  to  the  year  1799  either  employed  his 
deputy,  or  first  clerk,  in  superintending  the  meltings, 
or  sub-farmed  them  on  contract. 

So  long  as  coining  was  a  manual  operation  requiring 
expertness  and  practical  skill  in  forging  the  pieces 
round,  and  in  hammering  them  between  the  dies, 
such  processes  were  well  adapted  for  objects  of  con- 
tract ;  for  iu  this,  as  iu  other  cases,  it,  is  better  for  a 
manufacturer  to  employ  expert  workmen  on  piece- 
work or  contract,  than  to  pay  them  or  less  skilful 
artificers,  v/ithout  reference  to  the  quantity  of  work 
effected,  by  daily  or  monthly  wages  Such  a  system, 
however,  was  less  applicable  when  the  cutting  out 
the  blanks,  and  striking  the  coins  by  macliinery 
was  introduced  in  1662  by  Blondeau.  The  system  of 
contracts  became  still  more  inapplicable  when  pro- 
cesses calling  for  the  exercise  of  individual  expertness 
were  entirely  superseded  by  the  agency  of  steam. 
The  introduction  of  Blondeau's  improvements  was, 
however,  long  effectually  resisted  by  the  moueyers  or 
subcontractors  for  the  coinage,  who  used  the  "ham- 
mer-and-tongs"  method  practised  previous  to  the  year 
1662.  "  Their  predecessors  had,  with  equal  pertinacity, 
but  with  better  success,  contended  against  other  at- 
tempts of  a  similar  description ;  nor,  if  the  represen- 
tations of  their  descendants  could  have  prevailed,  would 
the  Royal  Mint  have  been  provided  in  1810  witli 
steam-powered  machinery  similar  to  that  brought  into 
use  at  Soho  in  the  year  1788.  By  suhstitutujg  at 
the  'battering'  or  'laminating'  mills  the  power  of 
steam  for  th6  costly  labour  of  horses,  and  in  some 
Jlints  for  that  of  700  or  800  men,  and  by  similarly 
affording  means  of  correctly  forming  the  blanks,  and 
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of  accurately  striking  the  coins,  the  latter  apparatus 
had  rendered  of  no  avail  such  admirable  skill  as  with- 
out the  loss  of  fingers  is  known  to  have  enabled  a 
moneyer  to  read  a  newspaper  whilst  feeding  a  coining 
press,  or  such  expert  applications  of  physical  force  as,  in 
conjunction  with  musically  timed  labour,  had  sufficed 
to  stamp  the  pieces;  nor  cau  it  be  disregarded  that 
from  the  period  at  which  these  processes  ceased  to  be 
manually  conducted,  the  operative  services  of  the 
parties  by  whom  tliey  had  been  performed  could  have 
been  dispensed  with." 

It  is  stated  that  without  reducing  the  average 
allowance  of  the  moneyers  below  £937  per  annum  for 
weighing  and  watching  the  bullion,  the  introduction 
of  the  improved  machinery  was  calculated  to  effect  a 
saving  of  at  least  £210,000.  In  1815  the  master 
and  worker  of  the  Mint  issued  a  report,  in  which  it  is 
stated,  that  "the  deputy-master  as  the  melter,  and  the 
company  of  moneyers  (the  principal  heads  of  this 
branch),  are  paid  chiefly  by  rates  upon  the  manufac- 
ture of  the  coin  in  its  various  stages ;  and  it  is  certain 
that  these  rates,  whatever  they  might  have  been  while 
the  Mint  was  in  the  Tower,  unaided  by  the  modern 
improvements  in  mechanism,  are,  now  that  the  ma- 
chinery of  the  Mint  is  so  perfect,  by  far  too  liberal, 
and  that  the  public  have  a  right  to  expect  that  the 
immense  expense  of  erecting  and  fitting  up  the  new 
Mint,  shall  at  least  be  gradually  defrayed  by  a  saving 
iu  the  Mint  expenditure,  as  any  private  manufacturer 
would  expect  that  the  adoption  of  greater  facilities 
and  improvements  in  his  manufactory  must  ultimately 
create  a  saving  in  the  expenses  of  his  manufacture." 
In  this  document  the  mode  of  payment  was  approved 
of,  while  the  rates  of  payment  were  deemed  excessive ; 
indeed,  it  was  shown  that  during  thirty-two  years,  the 
moneyers  and  melters  received  no  less  than  £757,104, 
more  than  half  of  which  was  admitted  to  be  profit. 
The  moneyers  considered  themselves  as  a  corporation, 
and  pleaded  prescription  as  the  foundation  of  their 
claim.  They  do  not  appear,  however,  to  have  had 
any  grant  or  charter  whatever,  except  such  as  is 
included  in  the  general  charter  of  the  Mint.  Hence 
they  could  not  be  considered  as  a  separate  corporation, 
although  they  claimed  by  prescription  the  right  to 
execute  all  coinages  within  the  Royal  Mint,  and  refused 
to  give  any  account  of  their  large  profits— so  large, 
indeed,  as  to  become  burdensome  to  the  country : 
thus,  "in  the  great  gold  re-coinage  in  1774,  &c.,  the 
company  of  moneyers,  being  six  in  number,  received 
for  their  share  the  vast  sum  of  £104,423  5s.  3(f.,  and 
refused  to  give  an  account  of  the  expenses  they  incurred, 
which  prevented  the  master  from  ascertaining  whether 
or  not  their  actual  profits  were  or  were  not  unreason- 
able. In  the  last  two  years  they  have  received  from 
the  Bank  the  sum  of  £29,000  for  the  manufacture  of 
tokens,  a  sum  much  exceeding,  we  are  told,  that  at  wliich 
Mr.  Boulton  offered  to  contract  for  the  same  business, 
although  the  whole  charge  of  building  and  machinery, 
which  Mr.  Boulton  bears,  is  provided  by  the  public 
for  the  moneyers,  and  the  sum  of  at  least  £1,000  more 
was  paid  by  government  for  labourers  hired  from  Bir- 
mingham to  assist  them  iu  their  business." 


The  attempts  to  get  at  the  accounts  of  the  moneyers 
were  met  by  those  ofiicers  keeping  such  accounts  as 
were  only  fully  intelligible  to  themselves,  or  by  occa- 
sionally burning  those  which  they  found  it  unnecessary 
or  inconvenient  to  keep,  or,  thirdly,  by  keeping  no 
accounts  whatever  of  such  things  as  they  felt  to  be 
"  strictly  private." 

While  the  moneyers  continued  to  enjoy  their  pro- 
fits, the  "  master  and  worker's  "  salary  and  contingent 
profits  underwent  several  changes.  In  1782  he  re- 
ceived £5,652  Vis.  Id.;  from  1799  to  1831  his  salary 
was  £3,000;  and  since  1831  it  has  been  £2,000: 
and  there  was  this  anomaly  connected  with  the  master's 
duties,  that,  while  he  contracted  to  perform  all  the 
operations  of  the  coinage,  the  contract,  or  Mint 
indenture,  also  provided  for  the  almost  total  transfer 
of  the  processes  to  other  parties  ;  so  that  two  sets  of 
people  were  paid  for  doing  the  same  work, — "  first, 
the  master,  by  whom  it  is  not  done ;  secondly,  the 
sub-contractors,  by  whom  it  is  done."  The  principal 
operative  duty  of  the  master  was  the  preparation  of 
the  dies,  which  were  fitted  up  under  his  directions  by 
the  die  engraver,  and  by  parties  acting  under  the  orders 
of  the  clerk  of  the  irons,  who,  assisted  by  workmen, 
claimed  salaries  and  wages.  In  this  way  the  dies  be- 
came costly  objects ;  for  not  only  had  the  public  to  pay 
coinage  rates  to  the  moneyers,  but  also  "  to  bear  the 
charges  incident  to  that  essential  but  costly  branch  of 
mintage,  the  preparation  of  dies."  When  objections 
were  made  to  the  execution  of  the  coins,  tlie  ready 
answer  of  the  moneyers  was  that  the  dies  were 
fitted  up  in  an  improper  manner.  They  were  either 
"  too  hard,"  causing  them  to  shiver  as  glass  would 
in  the  coining  press,  or  they  were  "too  soft,"  causing 
the  neck  of  the  lower  die  to  squeeze  down  in  the 
die-collar,  and  stop  the  press ;  or  they  were  engravetl 
too  deep,  so  as  not  to  be  sufficiently  filled  by  the 
piece  of  bullion  placed  between  them,  and  which, 
therefore,  in  parts  remained  unstamped  :  or,  if  not 
too  deeply  engraved,  they  had  some  minute  detail 
so  artistically  excavated,  that  no  force  of  blow  that 
could  be  given  to  the  coining  presses  would  bring 
up  the  impressions.  In  this  way  there  was  an  anta- 
gonism kept  up  between  the  master  and  the  "  opera- 
tive "  portion  of  his  establishment,  and  the  moneyers. 

Thus  it  will  be  seen  that  the  Mint  system  was 
carried  on  by  three  classes  of  persons  :  first,  by  the 
operative  branch  of  the  master's  establishment,  includ- 
ing the  clerk  of  the  irons  and  superintendent  of  machi- 
nery, the  die  engravers,  and  the  artificers  who  prepared 
the  dies,  collars,  beds,  punches,  milling  cheeks,  press 
slides,  and,  generally,  the  minor  parts  of  the  machinery 
liable  to  wear ;  secondly,  by  the  contractor  for  the 
meltings ;  and,  thirdly,  by  the  moneyers  or  contractors 
for  the  coinage.  It  is  remarked  that  differences  be- 
tween these  parties,  or  between  them  and  the  govern- 
ment ofiicers,  were  invariably,  through  the  nature  of 
the  agreements,  decided  against  the  pubHc.  It  was 
stated  that  the  contract  system  was  necessary  to  secure 
the  pubhc  from  loss,  but  that  the  constant  state  of 
vigilance  required  for  the  purpose,  was  a  source  of 
aud  expense ;  and  that,  should  the  busi- 


ness  of  the  Mint  change  hands,  by  a  system  of  open 
contracts  serious  risks  would  be  incurred.  As  it  was, 
the  loss  by  waste  and  robbery  in  the  coinage  depart- 
ment was  estimated  at  £700  on  £1,000,000,  which 
loss  was  borne  by  the  moneyers. 

The  moneying  departments  were  supplied  by  agree- 
ment with  "clean  bars."  Any  neglect  in  the  process 
of  melting — as  by  imperfect  mixture  of  the  bullion  aud 
alloy — would  injuriously  affect  all  the  operations  of  the 
coinage ;  for,  with  the  gold  and  copper  alloy  not  pro- 
perly blended,  no  care  or  attention  in  the  processes  of 
rolling  or  drawing  would  render  blanks  of  perfectly 
equal  dimensions  of  the  same  weight,  since  one  of  the 
pieces  would  contain  too  large  a  proportion  of  copper, 
and  thus  prove  too  light,  and  another  too  much  gold, 
and  be  too  heavy ;  and  in  either  case,  such  pieces  being 
beyond  "  the  remedy"  for  weight,  must  be  returned  to 
the  crucible. 

Considering  these  and  other  practical  difficulties,  it 
is  admitted  that  on  the  w^hole  the  average  coinage 
work  of  the  Mint  was  well  performed,  however  costly. 
Credit  for  all  that  was  well  done  was  claimed  by  the 
contractors,  but  the  report  remarks  that  the  final  cor- 
rectness of  the  coins,  as  to  fineness,  depended  on  the 
Queen's  Assay  Master  ;  that  their  correct  mechanical 
execution  depended  on  the  die  and  collar  fitters,  and 
on  the  care  of  the  workmen  who  managed  the  machi- 
nery ;  that  the  beauty  of  design  and  relief  of  the 
coins  depended  on  the  artistical  skill  of  the  die  en- 
graver ;  and  that  their  accuracy  as  to  weight  rested 
chiefly  with  the  workmen  employed  by  the  moneyers 
in  tlie  adjusting  and  subsequent  operative  department. 
The  die-engraver  of  the  Mint  had  been  complimented 
both  by  Flaxman  and  Chantrey  on  the  beauty  of  his 
work ;  which,  it  must  be  remembered,  kept  clear  the 
distinction  between  coins  and  medals,  for  while  the 
latter  may  be  high  and  bold  in  relief,  and  have  raised 
or  other  letters  (qualities  which  will  not  interfere 
with  their  preservation  in  cabinets),  coins  intended 
for  general  circulation  and  exposed  to  constant  wear 
should  have  their  devices  executed  in  low  relief,  so  as 
to  give  the  greatest  possible  beauty  and  efi^ect,  and  to 
be  in  other  respects,  as  in  milling,  in  the  proportions 
of  the  flat  protecting  edge,  &c.,  best  calculated  to 
resist  abrasion. 

The  necessity  of  accurate  weighing  by  means  of  a 
weighing-machine,  such  as  is  in  use  in  the  Bank  of 
England,  is  insisted  on,  since  the  final  weight  of  the 
coins  does  not  depend  on  the  process  of  adjusting  or 
weighing,  but  on  the  subsequent  operations  of  pickling, 
drying  (partly  by  shaking),  and  stamping.  In  pickling, 
some  of  the  pieces  most  exposed  to  the  acid  are  most 
acted  on,  and  hence  most  reduced  in  weight  by  a 
solution  of  a  part  of  their  alloy.  The  weight  of  par- 
ticular pieces  may  also  be  reduced  by  the  abrasion 
incident  to  shaking,  or  still  more  by  the  friction  arising 
from  forcing  them  out  of  the  die-collar  by  the  recoil 
power  of  the  stamping-press.  The  last-named  source 
of  loss  is  promoted  by  the  fluting  given  to  the  die- 
coUar,  to  enable  it  to  form  the  serrated  milling.  This 
milling  also  greatly  accelerates  the  wear  of  the  coins, 
by  converting  each  piece  into  something  of  the  shape 
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and  quality  of  a  circular  saw,  so  that  after  long  car- 
riage the  coins  are  found  to  have  so  acted  on  each 
other  as  to  leave  in  any  close  package  a  measurable 
amount  of  bullion  dust,  and  as  the  value  of  a  grain  of 
gold  is  nearly  two  pence,  it  was  calculated  that  the 
additional  rapidity  of  wear  occasioned  by  serrated 
milling  led  to  a  loss  of  £8,000  per  annum  on  the  total 
amount  of  coin  in  circulation,  without  including  the 
expense  of  more  frequent  recoinage.  Such  milling 
also  facilitates  the  fraud  of  "drilling"  and  counter- 
feiting the  coin,  and  giving  a  fictitious  weight  to  light 
coin  by  the  introduction  of  some  extraneous  substance 
into  the  fluting.  Being  thus  expensive  in  various 
ways,  and  more  troublesome  to  execute  than  a  per- 
fectly cyHndrical  and  necessarily  highly -polished  edge, 
the  latter  ought  to  be  preferred.  It  was  further 
remarked  that  while  sunk  letters  on  the  edge  of  a 
coin  are  objectionable  as  forming  receptacles  for  dirt, 
and  thereby  affecting  its  weight,  raised  letters  are  as 
objectionable  as  serrated  millmg,  and  facilitate  the 
process  of  drilling,  especially  in  large  coins,  by  which, 
as  is  often  done  in  India,  two-thirds  of  the  contents 
are  removed,  and  a  base  metal  substituted,  for  which 
purpose  any  one  of  the  letters,  easily  replaced  by  an-a 
other  letter  formed  on  the  end  of  a  circular  wire  of 
bullion,  aS'ords  the  means  of  concealing  the  spot  where 
the  drill  was  introduced. 

The  Report  of  1849  concludes  that  the  then  exist- 
ing Mint  system  was  one  leading  to  much  useless 
exjiense,  and  not  reconcileable  with  efficiency.  As- 
suming the  expedience  of  terminating  existing  con- 
tracts, a  plan  was  given  for  having  the  work  effected 
wholly  by  a  salaried  establishment,  the  great  object 
being  to  keep  clear  of  "  such  contract  arrangements 
as  practically  end  in  monopolies,  and  are  at  variance 
with  subordination,  efficiency,  and  economy."  The 
new  plan  was  so  constituted  as  to  give  to  the  public, 
at  the  earliest  possible  period,  the  benefit  of  every 
improvement  realised  in  the  branches  of  science  re- 
lating to  coinage. 

At  the  time  when  this  plan  was  under  contempla- 
tion, Mr.  Shiel,  the  Master  of  the  Mint,  accepted 
the  appointment  of  British  Minister  at  Plorence,  and 
was  succeeded  by  Sir  John  Hersehel.  In  February, 
1851,  notice  was  given  to  the  moneyers  to  terminate 
the  contract,  and  pensions  were  granted  to  them  for 
life.  A  list  of  officers  and  artisans  in  the  various 
departments,  together  with  their  salaries,  was  made 
out,  and  the  business  of  the  Mint  was  carried  on 
under  new  arrangements.  In  addition  to  the  resident 
officers  a  change  was  made  in  the  assaying  department. 
The  standards  of  fineness,  both  of  gold  and  silver 
coin,  as  indicated  in  the  Mint  indentm-e,  were  made 
by  comparison  with  certain  trial  plates.  The  progress 
of  the  art  of  assaying  showed  this  method  to  be  at 
variance  with  the  end  proposed,  and  that  strict  con- 
formity to  the  trial  plates  entailed  deviations  from  the 
exact  standard — for  gold,  to  the  extent  of  12  grains 
in  the  pound  troy,  in  defect ;  for  silver,  to  that  of 
l-J  pennyweights  in  the  pound  in  excess  of  the  legal 
standard.  This  discordance  was  pointed  out  by  Mr. 
ley,  the  King's  Assayer,  in  1830,  and  new  trial 
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plates  were  constnjcted  by  wliich  the  true  standard, 
iu  the  case  of  silver,  was  exactly  restored.  In  the 
gold  plate,  however,  after  allowing  for  a  certain 
technical  correction  due  to  an  ascertained  loss  of  gold 
in  the  then  usual  mode  of  assaying,  an  outstanding 
error  in  defect,  to  the  extent  of  3  grains  in  the  pound 
troy,  stUl  remained,  which  it  was  not  thought  advis- 
able at  the  time  to  correct,  since  the  sudden  removal 
of  the  whole  error  might  act  as  a  premium  on  the 
melting  of  the  coin.  The  improvement,  however,  was 
gradually  made,  and  the  legal  standard  secured  as 
nearly  as  the  delicate  operations  of  melting  and  as- 
saying would  permit. 

Under  the  new  Mint  arrangements,  Mr.  Field 
became  Resident  Assayer,  Mr.  Sterry,  Assistant  As- 
sayer,  while  the  duties  of  scientific  assayers  to  the 
Mint,  not  resident  within  its  precincts,  were  under- 
taken by  Professor  Miller,  of  King's  College,  Lon- 
dou,  Professor  Graham,  of  University  College,  Lon- 
don, and  Mr.  T.  Johnson,  of  Grcsham  Street— a  com- 
mercial assayer  of  very  extensive  practice. 

A  system  of  open  contracts  or  tenders  was  devised 
for  coining  gold,  silver,  or  copper  money  for  the 
Master  at  the  Royal  Mint.  The  tenders,  however, 
did  not  comply  with  the  conditions,  and  the  ilaster 
was  required  to  prepare  a  plan  for  the  execution  of 
the  coining  by  the  agency  of  an  establishment  in  the 
direct  employment  and  pay  of  the  government.  Ac- 
cordingly, a  plan  was  drawn  up,  and  approved  by  the 
Lords  of  the  Treasury  in  July,  1851,  in  which  the 
various  officers  are  named,  all  persons  employed  in 
the  Mint  being  considered  as  servants  of  the  sove- 
reign, under  the  immediate  orders  of  the  Master,  and 
not  allowed  to  carry  on  a  private  business  of  any 

The  Regulations  for  the  Coinage  of  Gold  Bullion  at 
the  Royal  Mint  are  as  follows  :— 


2.  Any  persons  intending  to  deliver  gold  to  the  Mint  for 
coinage  must  give  one  week's  notice  of  their  intention,  by 
letter  addressed  to  the  Master  of  the  Mint. 

3.  Before  delivery  the  person  delivering  the  bullion  must 
make  a  written  statement,  in  duplicate,  on  forms  which 
will  be  supplied  to  him  at  the  Mint,  of  the  marks  of  each 
ingot,  the  report  thereon  of  the  assayer  on  whose  assay  he 
purchased  it,  and  the  name  of  that  assayer. 

i.  At  the  time  of  delivery  the  ingots  will  be  weighed 
through  the  Mint-office  scale,  and  their  weights  entered 
iu  a  column  for  the  purpose,  on  each  copy  of  the  statement 
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7.  If  by  the  assay  reports  it  appear  that  any  of  the 
ingots  are  brittle,  or  that  they  contain  iridium,  or  that 
having  been  badly  melted  they  cannot  be  properly  assayed 
and  valued,  or  that  for  any  other  cause  thev  are  unfit  to  be 
received  for  coinage,  such  ingots  will  be  rejected  ;  and  if 
the  standard  value  of  the  whole  of  the  ingots  be  less  than 
their  gross  weight,  so  that  they   cannot   be  brought    to 


standard  without  the  reBnage  of  a  portion  of  them,  the 
Master  of  the  Mint  will  only  receive  and  coin  without 
charge  so  many  of  the  ingots  delivered  as  will,  when  com- 
bined and  melted  together,  produce  standard  gold  without 

8.  If  the  assayer  of  the  Mint  assign  a  lower  value  to  any 
ingot  than  that  assigned  by  the  importer's  assayer,  and  the 
importer  object  to  t'le  report  of  the  Mint  assayer,  the  metal 
shall  be  assayed  by  any  two  of  the  non-resident  assayers  of 
the  Mint  to  whom  the  Master  of  the  Mint  shall  choose  to 
refer  it,  whose  decision  shall  be  final,  and  a  receipt  for  the 
standard  value  of  the  bullion  delivered  shall  then  be  given 
to  the  importer. 

9.  On  the  completion  of  the  coin  notice  will  be  sent  to 
the  importer,  and  a  time  fixed  for  its  delivery  to  him,  when 
the  same  weight  in  gold  coin  as  the  standard  weight  at 

without  any  charge  whatever. 

We  devote  the  remainder  of  our  space  to  a  few 
particulars  respecting  the  practice  of  the  Mint,  illus- 
trative of  some  of  the  foregoing  remarks.  And  first, 
with  respect  to  the  "  standard  or  trial-plates,"  there 
is  no  authentic  account  of  them  previous  to  the  year 
IGfiO;  but,  it  is  probable,  considering  their  use  as  a 
check  to  any  deviation  from  correctness  in  the  coin, 
and  their  value  as  objects  to  refer  to,  that  they  were 
introduced  almost  as  early  as  money  itself,  or,  at  least, 
as  early  as  the  time  when  the  various  provincial  Mints 
gave  way  to  the  one  now  existing  in  the  capital. 
From  the  time  of  William  the  Conqueror,  the  quality 
of  our  coins,  both  gold  and  silver,  had  often  changed, 
and  this  to  suit  the  wishes  and  intentions  of  the 
sovereign  or  of  the  government  for  the  time  being. 
The  variations  embrace  an  extent  of  two  ounces  of 
fine  metal  in  the  pound  for  the  gold  coin,  the  greatest 
fineness  being  nearly  purity,  and  the  least  degree  of 
fineness  not  containing  more  than  ten  ounces  of  fine 
metal  in  the  pound  troy.  Our  present  gold  standard 
of  eleven  ounces  or  twenty-two  carats  fine  gold,  has 
existed  from  the  time  of  James  I.  without  alteration. 
The  variations  in  the  fineness  of  our  silver  coin  are 
more  considerable  than  in  the  case  of  gold.  They 
descend  from  eleven  ounces  two  pennyweights  of 
fine  metal  as  low  as  not  more  than  four  ounces  of 
fine  metal  in  the  pound,  as  was  the  case  in  the  latter 
part  of  the  reign  of  Henry  YIII.  In  the  reign  of 
Edward,  it  improved  gradually  to  eleven  ounces, 
remained  nearly  stationary  in  the  time  of  Mary,  but 
was  finally  fixed  at  eleven  ounces  two  pennyweights 
in  the  time  of  Elizabeth,  at  which  degree  of  purity 
it  has  been  the  desire  of  successive  governments  to 
preserve  it ;  to  which  end  trial-plates  were  prepared 
by  the  Goldsmiths'  Company,  as  being  next  skilful  to 
the  persons  engaged  in  the  Mint,  while,  at  the  same 
time,  the  Goldsmiths  were  independent  of  the  Mint. 
Supposing  the  two  metals  formmg  the  alloy  to  be  in 
a  state  of  perfect  purity  and  in  correct  proportions, 
the  trial-plates  may  still  be  inaccurate  if  the  mass  be 
kept  too  long  in  fusion,  or  exposed  to  the  oxidising 
influence  of  the  air,  the  effect  of  which  would  be  to 
make  the  aggregate  too  fine.  Again,  if  there  were 
not  sufficient  heat,  and  the  melted  mass  not  properly 
stirred,  the  plate  might  vary  in  different  parts. 
According  to  the  view  of  Mr.  Bingley  (whose  state- 
ment has  furnished  us  with  the  above  particulars),  a 
trial-plate  should  not  be  considered  perfect  until  the 
synthesis  and  the  analysis  of  it  are  in  accordance.    It 


was  the  custom,  on  tlie  formation  of  a  new  trial- 
plate,  whether  of  gold  or  silver  (both  having  been 
usually  formed  at  the  same  time),  to  divide  it  into 
three  parts ;  one  part  was  lodged  at  the  Exchequer, 
another  at  the  Goldsmiths'  Hall,  and  the  third  at  tlie 
Mint.  These  parts  were  of  a  size  large  enough  to 
admit  of  their  being  used  for  many  public  trials  of 
the  monies  coined,  which  trials  were  called  "Trials 
of  the  Pyx,"  held  at  the  Exchequer.  The  trial-plate 
by  which  our  gold  coin  was  compared  at  the  trial  in 
1 S30,  had  been  in  existence  a  century  and  a  half.  A 
new  plate  was  prepared  with  extraordinary  care  in 
1S29.  It  was  made  finer  tlian  the  previous  one  by 
five  grains  troy  in  the  pound,  and  although  a  little 
under  the  real  standard,  it  was  not  under  what  would 
bo  called  standard  throughout  the  whole  of  Europe, 
the  difference  being  merely  to  the  extent  of  the  small 
quantity  of  silver  which  nearly  always  accompanies 
f,'nhl,  and  is  inseparable  from  it  by  ordinary  means. 
It  is  llie  practice  at  all  Jlints  to  consider  that 
standard  which  is  really  a  little  below  it,  and  if  we 
were  to  raise  the  value  of  our  coins,  our  continental 
neighbours  would  probably  melt  them  down. 

There  are  established  at  the  Mint  what  are  called 
"  Remedies,"  for  fallibility  of  workmanship,  both  as 
regards  the  fineness  and  the  weight  of  the  coin. 
These  are  to  protect  those  concerned  in  the  several 
departments  from  censure  or  blame,  for  such  slight 
deviation  from  tlic  standard  as  in  the  rapidity  of  the 
coinage  is  sometimes  unavoidable.  Tlie  remedy  on 
gold  per  pound  was  in  early  indentures  one-eighth  of 
a  carat  (\i  dwt.) ;  it  was  altered  at  various  times,  and 
continued  long  to  be  one-sixtii  of  a  carat  or  40  grains. 
By  tlic  indenture  of  1S1.5  the  remedy  was  lowered 
from  one-sixth  to  one-sixteenth  (15  grains),  with  the 
additional  remedy  of  22^  grains  for  quarter  guineas 
and  seven  shilling  pieces.  Down  to  1815  the  remedy 
was  always  the  same  in  amount,  both  for  weight 
and  fineness;  but  by  the  indenture  of  1S17,  now  in 
force,  while  the  remedy  in  fineness,  or  at  the  assay,  is 
one-sixteenth  of  a  carat  or  15  grains,  the  remedy  in 
weight,  or  at  the  shear,  is  only  12  grains  or  one- 
twentieth  of  a  carat. 

Tlie  remedy  on  silver  has  also  varied  from  time  to 
time.  With  certain  exceptions,  however,  the  remedy 
was  for  a  long  time  2  dwt.  by  weight,  both  at  the 
assay  and  shear,  until  1815,  when  it  was  halved,  and 
made  1  dwt.  at  assay  and  shear. 

Originally,  by  the  Mint  agreement  in  1279,  (he 
variation  of  the  coinage  below  the  standard,  though 
within  the  remedy,  was  to  be  answered  to  the  king, 
without  any  advantage  to  the  Mint  Master  or  any 
other  person;  but,  as  from  the  gradual  depreciation 
in  the  value  of  money,  and  the  increased  expenses  of 
labour,  fuel,  &c.,  the  Mint  Master's  allowance  often 
became  insufiicient,  he  seems  occasionally  to  have 
been  allowed  to  take  part  of  the  benefit  of  the  remedy, 
until  the  sovereign  agreed  to  raise  his  allowance  to  a 
sufficient  sum,  whereupon  the  whole  of  the  variation 
was  again  to  be  answered  to  the  king. 

At  an  early  period,  the  exclusive  privilege  of  pur- 
chasing  the   precious    metals  was  claimed  by   our 
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sovereigns,  in  return  for  which  they  were  ready  to 
purchase  all  bullion  that  might  be  ofi"ered  to  them,  at 
prices  which  it  was  a  part  of  their  prerogative  to  fix. 
Thus,  up  to  1164,  the  merchant  received  for  his 
pound  of  standard  bullion  30s.  less  by  3d.  and  9(/. 
(seignorage  or  royal  duty  and  coinage  expenses)  or 
29s. ;  but  in  that  year  Edward  IV.  ordained  that  the 
merchant  should  receive  33s.  for  his  pound  of  standard 
silver,  which  became  the  current  value  of  the  pound 
of  silver,  37s.  &d.,  less  4s.  (id.  for  seignorage  and 
coinage.  Similarly  in  the  indenture  of  1543  it  is 
recited  that  "  the  king  hath  advanced  the  valuation 
of  fine  gold,  of  the  fineness  of  24  carats,  to  4Ss.  per  oz. 
In  1548,  the  valuation  is  advanced  to  £3  per  oz.  or 
£30  per  lb.  gold,  and  £3  8s.  per  lb.  silver;  while  in 
the  indenture  of  1553,  it  is  declared  that  there  shaU 
be  paid  "unto  every  person  or  persons  that  shall 
bring  any  bullion  of  silver  into  the  said  Mint,  sucii 
price  for  the  same,  after  the  rate  and  fineness  thereof 
as  shall  be  appointed  in  the  king's  warrant  on  that 
behalf,"  &o. 

The  difference  between  minting  and  exchanging 
was,  that  the  latter  was  instantaneous  minting.  If  a 
merchant  took  a  pound  of  standard  bullion  to  the 
Mint  or  Change  to  be  minted,  he  might,  by  waiting 
the  time  necessary  for  the  process  of  minting,  receive 
back  a  pound  of  standard  coin,  less  only  by  the 
coinage  expenses  and  the  Mint  seignorage ;  whereas, 
if  he  took  the  pound  of  standard  bullion  to  the  Mint 
to  be  changed,  he  might,  without  waiting  at  all, 
receive  back  a  pound  of  standard  coin,  less  not  only 
by  the  coinage  expenses  and  the  Mint  seignorage, 
but  also  by  a  further  exchange  seignorage.  By  the 
indenture  of  1670,  the  seignorage  was  abolished  in 
consideration  of  certain  customs'  duties  granted  in 
lieu  thereof. 

It  appears  that  for  several  years  the  Bank  of 
England  has  been  the  only  importer  of  gold  into  the 
Mint,  because  private  individuals  would  lose  the 
interest  of  their  bullion  by  the  delay  of  coinage. 
The  Bank  would  not  formerly  buy  gold  intended  for 
coinage,  except  upon  the  assay  of  the  king's  assayed. 
The  fractional  difference  between  the  ])ureliase  assay 
and  the  assay  of  the  importer  is  a  source  of  consider- 
able profit  to  the  Bank,  no  less  than  £50,000  having 
in  this  way  been  realised  in  fifteen  years.  In  the 
purchase  of  bullion,  there  is  a  market  price  for  silvci- 
and  a  fixed  price  for  gold. 

There  are  two  departments  in  the  bullion  olfiee  of 
the  Eank,  one  of  whicli  is  connected  with  the  Bank 
only,  while  the  other  is  a  deposit  office  for  the  accom- 
modation of  merchants. 

Mr.  Haggard,  the  chief  officer  of  the  bullion  office, 
in  his  evidence  given  in  IS4S,  states  some  particulars 
respecting  the  practice  of  the  Bank  in  the  melting  of 
light  coin  into  bars.  £70,000  worth  of  gold  coin,  or 
about  that,  is  made  up  into  one  liundred  bags,  to  be 
melted  into  bars  producing  one  hundred.  A  clerk 
from  the  Bank  and  a  porter  take  them  to  Brown  and 
Wingroves,  private  melters,  and  wait  to  see  them 
melted;  they  are  then  brought  back,  counted,  the 
assay  is  cut  off,  weighed,  and  put  into  the  Bank 


books,  and  the  assay  is  sent  to  Mi-.  Bingley,  at  the 
Mint,  for  his  report,  with  the  numbers  or  the  bars  on 
the  papers ;  when  they  come  back,  the  reports  are 
entered  into  the  book,  and  rated  to  bring  them  into 
standard.  No  bars  are  taken  that  have  not  Brown 
and  Wingrove's  stamp  upon  them,  in  order  that  the 
Bank  may  be  satisfied  that  there  is  no  baser  metal  in 
the  bars.  The  Bank  paid  for  melting  gold  bullion, 
and  old  coin  Zd.  per  lb.;  IB*,  per  cwt.  troy  for 
melting  silver  bullion  or  coin.  Tor  refining,  the  Bank 
pays  4s.  per  lb.  for  gold ;  for  refining  silver,  an  allow- 
ance of  5  grains  of  gold  in  the  lb.,  with  an  advance 
of  three-eighths  on  the  market  price.  The  merchants 
who  import  gold  into  the  Bank,  pay  a  higher  price 
for  melting — namely,  bar  sUver  and  coin  15s.  per  cwt. 
troy,  or  the  same  price;  gold  coin  Qd.  per  lb.; 
European  bar  gold  from  places  where  it  has  been 
already  refined,  Zd.  per  lb. ;  bar  gold  from  Asia  or 
America,  6rf.  per  lb. ;  gold  dust  Is.  6rf.,  because 
sublimate  is  used  in  refinmg  it,  in  order  to  prevent 
its  being  brittle.  The  waste  in  melting  fine  gold  is 
from  12  grains  to  1  dwt.  in  a  bar  of  15  lbs.  weight 
troy,  the  loss  in  melting  sovereigns  is  from  IJ  dwt. 
to  2  dwts.  in  15  lbs.  The  loss  in  melting  foreign 
gold  coin  is  uncertain,  from  the  uncertainty  of  its 
quality.  The  loss  of  weight  in  melting  silver  ingots, 
it  fine  silver  and  previously  well  melted,  is  \  oz. 
to  1  oz.  on  70  lbs.,  and  the  loss  in  melting  dollars  is 
from  l\  oz.  to  2  oz.  in  70  lbs.  The  loss  of  weight 
arises  from  the  durt,  and  also  from  the  destruction 
of  the  alloy. 

Mr.  Haggard  also  stated  that  from  the  2nd  Jan., 
1S44,  to  the  15th  April,  1S47,  light  gold  sovereigns 
were  melted  into  5,400  ingots,  of  which  4,731  were 
reported  worse  than  the  standard  one-eighth  of  a 
grain ;  669  were  reported  standard.  The  loss  to  the 
Bank  from  the  report  on  the  4,731  was  equal  to 
£5,225. 

The  following  statement  concisely  expresses  the 
chief  facts  of  the  standard  : — 

Fine  Ij-      Alloy  1*3 

SiLVEH. 

Fine  f-J-       Alloy  -^^ 

Gold. 
934  4  Sovereigns  =  20  lbs.  troy. 
1     Sovereign   =  123-274  grains. 
Silver. 


Copper. 
53,760  Pence  =  1  ton. 
1  Penny  =  |  ounce. 

THE    REMEDY. 

tV  carat  or   15  grains  troy  per  lb.  in  fineness, 
12  grains  troy  per  lb.  in  weight,  or  -257  grains  ou 


SiLVFK. 

1  dwt.  =  -^  oz.  per  lb.  troy^ 

Copper. 
4V  per  lb. 

Some  details  respecting  the  new  bronze  coinage 
will  be  found  in  the  Appendix. 

In  the  year  1860  the  number,  weight,  and  value  of 
the  gold  coins  issued  from  the  Mint  were  as  follows  :— 


The  total  number  of  sovereigns  and  half-sovereigns 
issued  in  ten  years,  from  1S51  to  1860,  inclusive, 
was  %s  follows  : — 

Number  of  Pieces.    Weight  la  ozs.  Valae. 

Sovereigns.     .    48,911,813  12,5S1,630-V26    «s,911,819  12    2 

In  1860  the  silver  coins  issued  were  as  follows : — 


The  following  statement  refers  to  the  silver  coinage 
for  the  ten  years  from  1851  to  1860  :~ 


In  the  year  1860  the  copper  a 
issued  was  as  follows  :— 


The  following  statement  refers  to  the  copper  coin- 
age for  the  ten  years  1851  to  1860,  including  the 
bronze  coinage  first  issued  in  the  last  named  year  :^ 


COLOCYNTH— COLUMBl  UM-COMB. 
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The  total  ralue  of  copper  coined  in  the  ten  years 
1S51-60  amounted  to  £196,492  4s.  7|(^.,  the  purchase  value 
of  the  copper  being  £91,497  8s.  3d. 

In  1860  the  value  of  the  copper  and  bronze  coinage  was 
for  the  former  £134  8s.,  and  for  the  latter  £37,856,  the 
purchase  value  of  the  metal  being  only  £9,185  2s.  Ud.,  so 

below  their  nominal  value.     The  cost  of  coinage  is  not 
included  in  this  estimate. 

With  respect  to  silver  coinage,  Government  purchases 
from  time  to  time  worn  silver  coinage  from  the  Bank  of 
England,  at  its  nominal  value,  for  re-coinage.  The  follow- 
ing particulars  refer  to  the  year  1860  : — 


com,  see  Cocoa-nut. 

COKE,  see  Carbon. 

COLLIERY,  see  Coal. 

COLOCYNTH,  a  valuable  mediomal  agent  derived 
from  the  bitter  cucumber  {Cucumis  coloci/nthis),  grow- 
ing in  Turkey,  India,  &o.  The  drug  consists  of  the 
dried  pulp,  which  is  white,  spongy,  and  of  a  nauseous 
and  bitter  taste,  but  without  smell.  When  adulte- 
rated, or  badly  dried,  it  is  of  a  dirty  brown  or  deep 
grey  colour.  This  medicine,  which  is  a  powerful 
drastic  cathartic,  is  too  violent  to  be  admmistered 
alone,  but  it  is  given  in  union  with  other  medicines. 
Camphor  mitigates  its  violence. 

COLOUR,  see  Light— Phoiogeaphy. 

COLUMBIUM,  a  rare  metal,  found  in  the  Swedish 
minerals  tantalite  and  i/ttro-tantalite,  and  hence  some- 
times caUed  Tantalum.  (Ta  68-8.) 

COMB.  The  materials  employed  in  the  manufac- 
ture of  combs  are  wood,  horn,  tortoiseshell,  ivory, 
bone,  and  metal.  The  preparatory  processes  for  the 
two  principal  materials  will  be  described  under  Hokn 
and  ToRTOisESUELL.  The  materials  are  first  prepared 
in  the  forni  of  plates,  and  the  methods  of  cutting 
the  teeth  in  these  have  led  to  some  ingenious  con- 
trivances.    The  old  method  of  doing  this  is  by  means 
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of  a  double  saw,  called  a  siadda.  Fig.  599  ;  it  has  two 
blades,  so  contrived  as  to  give  with  ease  and  exactness 
the  intervals  between  the  teeth  of  combs,  from  the 


coarsest  to  those  which  have  from  40  to  45  teeth  in 
the  inch.  The  blades  or  plates  of  the  saw  are  made  of 
thick  steel,  and  are  ground  away  on  the  edge,  as  at  a 
or  b,  as  thin  as  the  notches  in  the  comb,  and  they  have 
from  10  to  20  points  in  the  inch  of  slight  pitch.  [See 
Saw.]  The  plates  are  fixed  ioi  two  grooves  of  the 
stock  by  means  of  the  stuffing,  which  consists  of  two 
long  wooden  wedges,  or  folds  of  brown  paper  ;  contact 
between  the  plates  is  prevented  by  a  thin  slip  of 
metal,  called  a  languid,  I,  which  is  of  the  thickness  of 
the  teeth  required  in  the  comb  c.  One  blade  is  in 
advance  of  the  other  from  -j'g-  to  \  of  an  inch ;  at  the 
first  process  a  notch  nearly  of  the  full  depth  is  made  in 
the  comb,  and  a  second  notch  is  commenced ;  at  the 
next  process  the  notch  in  advance  is  deepened,  and  a 
thu-d  commenced,  and  so  on  consecutively.  By  this 
means  the  teeth  can  be  cut  in  a  regular  manner,  for  the 
very  action  of  cutting  out  one  tooth  scores  out  a  place 
for  the  saw  for  the  next  adjacent  tooth.  The  openings 
thus  formed  are  afterwards  thinned  out  and  finished 
by  means  of  thin  wedge-shaped  files,  called/u«;s.  Some 
of  these  files  are  shown  in  section  in  Eigs.  602— C06, 


^■L=^ 


the  teeth  bemg  shown  at  the  points  indicated  by  the 
double  lines  ;  «  is  a  float,  h  the  graillc,  c  the  found, 
dihecarlet,  e  the  topper;  these  names  are  corrup- 
tions from  the  French,  and  indeed  the  art  of  comb- 
cutting  is  almost  entirely  derived  from  the  French. 
/  represents  what  is  called  a  quannd,  a  sort  of  rasp, 
with  coarse-filed  teeth  ;  this  is  the  ordinary  flat  file  of 
the  comb-makers,  and  in  using  it  the  work  is  mostly 
placed  on  the  knee  as  a  support. 

The  introduction  of  the  circular  saw  led  to  some 
improvement  in  comb-cutting,  especially  with  box- 
wood or  ivory  as  the  material.  In  a  machine  in- 
vented by  Messrs.  Pow  and  Lyne,  the  plate  is  fixed  in 
a  clamp  suspended  on  two  pivots  parallel  with  the 
spindle  of  the  circular  saw.  By  the  revolution  of  the 
handle,  a  cam  first  depresses  the  ivory  on  the  revolv- 
ing saw,  cuts  one  notch,  and  quickly  raises  it  again ; 
the  handle  in  completing  its  circuit  shifts  the  slide 
that  carries  the  suspended  clamp  to  the  right,  by 
means  of  a  screw  and  ratchet  movement.  The  teeth 
are  cut  with  great  exactness,  and  as  quickly  as  the 
handle  can  be  turned ;  they  vary  from  about  30  to 
SO  teeth  in  the  inch,  and  such  is  the  delicacy  of  some 
of  the  saws  that  even  100  teeth  may  be  cut  in  an 
inch  of  ivory,  the  saw  runs  through  a  cleft  in  a 
small  piece  of  ivory,  fixed  vertically  and  radially  to 
the  saw,  to  act  as  the  ordinary  stops,  and  prevent  it 
from  being  bent  or  displaced  sideways.  Two  combs 
are  usually  placed  one  over  the  other  and  cut  at  once ; 
■      ,lly  the  machine  has  two  saws,  and  cuts  four 
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Ill  raakiug  small  side-combs  of  tortoisesheU  the 
material  is  economised  by  the  process  oi  parting,  as  it 
is  called.  This  method  is  said  to  be  the  iiiTcntion  of 
an  artisan  named  Ricketts,  who  was  led  to  it  by  being 
engaged  in  the  production  of  ornamented  tortoise- 
shell  combs,  [see  Horn  and  Tokioiseshell,]  in  which 
the  decorated  parts  were  formed  by  the  pressure  of 
cutters.  A  machine  for  making  parted  combs  was 
described  by  Mr.  Rogers  in  the  49th  vol.  of  the 
Transactions  of  the  Society  of  Arts.  It  has  since 
been  remodelled  and  improved  by  Mr.  KeUy.  The  fol- 
lowing is  from  Mr.  Rogers's  description:^//),  Fig.  607, 
is  a  plate  supportmg  the  other  parts,  and  is  secured 
by  screws  to  any  suitable  bench;  ^  is  a  winch  or 
handle  attached  to  the  axle  a;  uu  are  upright  pieces, 
in  wliich  the  two  ends  of  the  axle  work,  and  n'  is  an- 
other upright,  between  which  and  u  the  crank  of  the 
axle  is  situated.  Trom  the  bottom  plate  p  is  a  cui-ved 
projecting  piece,  on  which  is  liinged  the  bar  b  ;  at  the 
end  of  this  bar  is  a  collar  c,  scciu-ed  by  a  screw,  and 
connected  by  means  of  a  link  -n-ith  the  cranked  part  of 
the  axle.  When  the  axle  is  turned  round  by  means 
of  its  winch  an  alternate  up  and  down  motion  is  given 
to  the  bar  h  ;  /  is  a  loop  in  which  the  bar  works,  and 
which  prevents  it  from  swerving  to  either  side ;  /-  is 
the  cutter,  and  t  a  piece  of  tortoisesheU,  out  of  which 
two  parted  combs  are  to  be  made.    The  cutters 


Nos.  2  and  3  consist  of  two  sharp  blades  of  steel 
bent  outwards  a  little  at  one  end,  between  which  are 
placed  wedge-shaped  pieces,  so  as  to  cause  the  blades 
to  diverge  from  each  other  at  the  bent  end  by  any 
reqiured  distance ;  at  the  other  cud  the  blades  come 
nearly  but  not  quite  in  contact,  and  this  space  is  fdled 
up  by  the  insertion  of  the  piece  No.  4,  the  sharp 
tooth  of  which  is  so  adjusted  as  to  be  even  with  the 
edge  of  the  blades.  When,  therefore,  this  compound 
cutter  is  pressed  dow]i  on  the  siu-faee  of  the  tortoise- 
shell,  a  toiilli,  such  as  is  shown  in  No.  5,  wiU  be 
formed.  But  iu  nrdcr  to  make  a  succession  of  such 
teeth  it  is  neccisnry  that  the  piece  of  tortoisesheU 
shall  have  a  iirogicssivo  motion,  and  that  this  motion 
shaU  be  suspended  while  the  cutter  is  making  its 
blow.  These  two  conditions  are  effected  thus :- in 
front  of  the  bed  on  which  the  tortoisesheU  t  is  laid  is 
?,  rectangular  opening,  into  wliich  a  heated  bar  is  put, 
•.-.hich,  liy  kecjiing  the  tort'jiscshcU  warm,  prevents  it 
Iroui  spliltini;  by  the  action  of  the  cutter.  The  bed 
fUdcs  ill  a  dovetail  groove  made  in  the  plate  ;;,  and 
ha.s  a  hoUow  screw  in  that  cud  of  it  wliich  is  adjacent 


to  the  toothed-wheel  w.  From  the  centre  of  this 
wheel  projects  a  solid  screw  which  turns  in  the  hollow 
one,  and  consequently  moves  the  bed  in  one  direction 
or  the  other,  according  as  the  toothed  wheel  is  turned 
one  way  or  the  other.  The  wheel  xo  receives  its  mo- 
tion from  the  wheel  w',  which  being  placed  on  the 
axle  a,  is  turned  together  with  it  by  the  winch  k 
But  the  wheel  w'  has  teeth  only  on  part  of  its  cu-cum- 
ference,  and  therefore,  whUe  tliis  is  in  continued 
motion,  wUl  give  an  alternation  of  motion  and  rest  to 
the  wheel  w,  and  consequently  to  the  piece  of  tortoise- 
sheU t.  Wlule  this  latter  is  at  rest  the  cutter  makes 
its  stroke,  and  wlule  the  cutter  is  rising  to  make  an- 
other stroke,  tlie  piece  of  tortoisesheU  moves  through 
a  space  equal  to  the  interval  between  one  tooth  of  the 
comb  and  the  next.  When  the.se  actions  have  been 
repeated  along  the  whole  length  of  the  tortoisesheU, 
Fig.  COS  is  produced,  which  i"s  the  full  size  or  nearly 


Fig.  608. 

SO,  and  a  slight  puU  wiU  part  the  two  pieces,  each  of 
which  is  a  separate  comb.  Such  combs  are  caUed 
parted,  the  saw  not  being  used  on  them,  and  they  are 
often  made  of  fine  stained  horn  instead  of  tortoise- 
sheU. 

COMBUSTION,  a  chemical  process,  in  which  two 
substances  at  least  enter  into  combination,  and  heat 
and  a  new  compound  are  the  results.  Thus,  when 
antimony  in  powder,  or  copper  in  the  form  of  thin 
leaf,  is  presented  to  chlorine,  a  combination  is  in- 
stantly effected  between  these  bodies,  and  a  chloride 
of  antimony  or  of  copper  is  the  result,  attended  at  the 
moment  of  combination  with  heat  and  Ught.  It  is 
usual  to  reckon  five  supporters  of  combustion,  viz. 
oxygen,  chlorine,  iodine,  bromine,  and  fluorine.  Of 
these,  the  first  is  by  far  the  most  important.  It  is 
one  of  the  constituents  of  the  atmosphere  and  ol 
water;  it  enters  abimdantly  into  the  composition  cf 
most  bodies  in  then-  natural  state,  and  is  altogether 
so  important  that  without  it  no  ammal  could  live, 
no  plant  could  grow,  i,nd,  geucraUy  speaking,  no 
flame  could  bum ;  the  other  four  supporters  of  com- 
bustion, as  they  are  termed,  would  not  support  animal 
or  vegetable  life. 

Before  tlie  discovery  of  oxygen  gas  combustion  was 
explained  by  supposing  that  aU  combustible  bodies 
contained  a  certain  principle  caUed  phlogiston,  tlie 
presence  of  which  enabled  bodies  to  bum.  It  was 
further  supposed  that  when  a  body  burned,  phlogiston 
was  Uberated,  and  that  when  a  body  had  lost  phlo- 
giston it  ceased  to  be  combtistible ;  it  was  then  said 
to  be  dephlogisticated.  The  heat  and  Ught  which 
accompany  combustion  were  attributed  to  the  rapidity 
with  which  phlogiston  was  evolved. 

But  according  to  this  hypothesis,  a  combustible 
body  having  undergone  the  process  of  combustion 


oiifjlit  to  lia\  e  lost  weight  whereis  it  was  found  m 
many  cases  tint  the  icsults  of  combustion  were  heavier 
thin  b(fore  combustion  bad  I  ik  n  j  I    c      11      dis 

tl       y      L    obier   bu  t    [1  1 

o\N  I  I  ul   cncd  tl  1 

1         1    aul  th  t  the  ihobil  Lt 

tl  t  tU  uci  a  e  of  tht  oup  \  b  m  thu  i  itio  ol  the 
dec  bO  ot  the  othei  lion  Mire  burnt  m  ovygen  gas 
c;  \  a  lesult  e  j  ul  to  the  wne  employe  1  i  lus  the 
wci  ht  of  the  oxjgenthathaddi'^appeaied  Meicuiy 
bemg  confined  in  a  vessel  of  o\ygen  and  exposed  to 
the  temperature  of  about  000°  the  gas  combmed  with 
tl  f  1     1  1  the  lesultmg  oxide  being  heated  to 

1  leconvertcl  into  oxygen  gas  and 

the  quantity  of  oxygen  thus  re 
1  lecisely  to  that  employed  in  the 
1      luce  the  oxidation 
la  Old  Udiy  c  isos  of  eombustioii  the  heat  evolved 
does  not  depend  upon  the  combustible  but  upon  the 
quantity  of  oxygen  thit   onteis   mto  combination 
Ihus    iccordmg  to  Despietz    a  pound  of  oxygen  m 
combming  lespectively  with  hydrogen  charcoal,  alco 
hoi    S,c,   e\olvcd   m   each   case   neaily  the    same 
miount  of  heat    each  raising  29  lbs    of  water  from 
32°  to  212°     A  given  weight  of  different  combus 
tiljle<;  gives  the  compaiativo  quantities  of  heat  lepre 
scntcd  by  the  following  figures  — 

1  lb  of  pure  chaicoal  la  bcd         78  fu m  32°  to  21 '° 
common  wood  chaico  d     75 
baked  wood  3b  , 

„      wood,  holding  20  pei 

cent,  of  water  .  .  27  „  „ 
„  bituminous  coal  .  .  GO  „  „ 
„     turf       ....     25  to  30 

„     alcohol OS 

„     oil,  wax 90 

„     ctlicr SO 

„    hydi-ogen 230        „        „ 

The  products  of  combustion  in  oxygen  or  its  com- 
pounds form  the  three  great  classes  of  acids,  alkalies, 

COMPASS,  an  instrument  consisting  of  a  magnetic 
needle  or  bar,  mounted  on  a  fine  centre,  enclosed 
within  a  shallow  box  or  metallic  case,  aud  furnished 
with  a  piano  circular  card,  denoting  the  chief  or 
cardinal  pobits  (if  the  horizoiifal  plane  about  us. 
The  term  comiuiss  is  imrncdiatLly  derived  from  the 
card  which  <-w.v;,«\>vs  or  involves  as  it  were  the  whole 
pbue  of  till-  hiiiizoii.     The  compass-needle  ns.  Fig. 

009,  is  usuaUy  a  light 

.;^;;^ .       bar,  set  edgewise  upon 
^^^^j     an  agate  centre;  some- 


and  it  may  bo  of  any  dimensions  according  to  the 
size  of  the  compass  required.  The  compass  or  card 
which  indicates  the  various  points  in  the  horizon  with 
reference  to  the  direction  of  the  magnetic  needle,  is 
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eithei  fixed  in  the  case  immediately  ui  dei  the  nee  He 
jjd  separate  fio  n  it  oi  it  is  attached  to  the  needle 
itself  as  m  Fij,  Oil  so  as  to  tiaveise  with  it  In 
the  foinier  case  it  ib  made  of  cardboaid  or  meial  m 
the  Utter  of  some  veij  b^ht  substance  not  b  ible  to 
\(ai-p  fiom  heat  oi  moibtuie  such  as  a  thin  plate  of 
tde 

In  the  magnetic  conq  ass  the  plane  of  the  hou 
zontal  cucle  is  divided  uito  32  parts  by  lines  supposed 
to  be  drawn  cb  imetncaUy  tl  loi  gh  tl  c  c  iclc  These 
as  piacticaRy  appbed  to  11  1  lied 

points  of  the  comjiass  oi  i  lis 

1 1  marking  the  con  pass  I  le  is 

fiist  divided  mto  two  se  I  Ins 

1  leh  denotes  the  Lne  of  tl  I  c  i        1        and 


the  north  point,  as  being  the  most  elementary  or 
great  pomt  of  reference,  is  usuaUy  distinguished  by 
an  ornameutal  aiTow  or  fleur-de-lis.  A  diameter  e  w 
is  iiest  drawn  at  right  angles  to  the  other,  by  which 
we  obtain  the  east  and  west  line,  and  thus  we  have 
the  4  principal  or  elementary  cardinal  points.  The 
quadrants  of  the  circle  between  these  1  points  are 
further  and  equally  divided  by  2  other  diameters  pro- 
ducing four  new  rhumbs  or  points.  Tlicse  are  named 
from  their  relative  position  in  the  compass.  The 
point  midway  between  n  and  e,  for  example,  bemg 
compounded  as  it  were  of  the  two  directions,  is 
termed  north-cast,  and  is  marked  n  e.  That  midway 
between  n  and  w  is  termed  north-west,  aud  marked 
NW :  that  between  s  and  w  is  termed  south-west,  and 
marked  sw:  that  between  s  and  e  is  south-east,  and 
marked  se. 

We  thus  obtam  S  principal  points  or  rhumbs,  aud 
by  continuing  the  division  by  diameters,  bisecting 
the  arcs  contained  by  these  first  8  points,  we  obtam 
an  additional  8  pomts,  making  in  all  16  points :  these 
additional  points  are  named  as  before  from  then- 
position  in  the  compass.  The  point  midway  between 
N  and  NE  is  termed  north-north-east,  as  being  nearer 
noi-th  than  east,  and  is  hence  marked  with  two 
letters  u,  thus  nne.  Li  a  similar  way  the  point 
between  cast  and  north-east  is  tcnned  east-north-east, 


as  being  nearer  tLe  east,  and  is  marked  thus,  ene  ; 
and  so  on  of  the  remaining  bisected  arcs :  thus  we 
have  the  points  nnw  and  wnw  for  the  points  between 
north  and  west ;  ssw  and  wsw  for  the  points  between 
south  and  west;  ssE  and  ese  for  the  points  between 
south  and  east. 

By  continuing  to  bisect  the  arcs  included  between 
these  points,  we  again  double  the  number  of  rhumbs, 
and  obtain  16  additional  points,  making  in  all  32 
points :  these  are  also  named  from  their  position  in 
the  compass,  with  the  addition  of  the  word  by.  Tlius 
the  point  midway  between  n  and  nne  is  called 
north  by  east  and  is  marked  N  by  e  ;  that  between 
N  and  NNW,  north  by  west,  and  is  marked  n  by 
w ;  the  point  between  ne  and  nne  is  called  north- 
east by  north,  and  is  marked  ne  by  n,  and  so 
on,  leaning  for  the  designation  towards  the  nearest 
of  the  four  elementary  cardinal  points.  Thus  the 
point  midway  between  e  and  ene  is  termed  east  by 
north  and  is  marked  e  by  n.  In  this  way  we  arrive 
at  32  rhumbs  or  divisions  of  the  circle  into  points, 
which  taken  in  succession  from  the  first  or  principal 
point,  north,  and  carried  round  the  circle  in  either 
dii-ection,  east  or  west,— suppose  in  the  east  direction, 
wUl  stand  thus : — 


N. 


"W. 


NbyE.  EbvS.  SbyW.  WbyN. 

NNE.  ESE.  SSW.  WNW. 

NEbyN.  SBbyE.  SWbyS.  NWbyW. 

NE.  SE.  SW.  NW. 

KEbyE.  SEbyS.  SWbyW.  NWbyN. 

ENE.  SSE.  WSW.  NNW. 

EbyN.  SbyE  WbyS.  NbyW. 

An  enumeration  of  these  successive  points  from 
memory  is  called  box'mg  the  compass.  More  minute 
divisions  of  the  compass  card  are  estimated  by  wliat 
are  called  half  and  quarter  points,  each  point  being 
divided  or  supposed  to  be  divided  into  4  equal  parts, 
so  that  any  small  angular  quantity  between  either  of 
the  32  divisions  or  points  just  enumerated,  as,  for 
example,  between  n  and  N  by  e  would  be  termed, 
noiih-a-quarter-east,  or  north-half-east,  or  three- 
quarters-east,  as  the  case  may  be :  we  then  arrive  at 
north  by  east,  and  so  of  all  the  other  points.  Thus 
north  by  west,  a  little  to  the  north  or  west,  would  be 
called  north  by  west  a  quarter,  or  half,  &c.  north,  or 
a  quarter,  or  half,  &c.  west,  as  the  case  may  be. 

Eor  more  refined  purposes,  the  compass  is  enclosed 
by  a  graduated  circle,  divided  in  the  usual  way  into 
3G0  degrees,  by  which  the  rhumbs  are  estimated  in 
angidar  quantities,  each  rhumb  or  point  being  the 
^d  part  of  360°,  or  W  =  ll°15':  a  half-point 
will  be  then  5°  37'  30" ;  a  quarter-point  2°  4S'  45". 

When  the  compass-card  is  fixed  to  the  box  or  case 
m  which  it  is  enclosed,  and  the  needle  is  allowed  to 
traverse  over  it,  we  have  what  is  usually  termed  a 
land  compass.  It  is  commonly  used  by  travellers  for 
detd-mining  the  different  pouits  of  the  horizon,  the 
box  being  turned  so  as  to  bring  the  north  and  south 
points  of  the  card  inunediately  under  the  north  and 
south  poles  of  the  needle.    In  tliis  case,  all  the  other 


points,  as  referred  to  the  magnetic  meridian  of  the 
particular  locality,  are  correctly  placed.  The  laud 
compass  is  also  occasionally  employed  in  the  measure- 
ment of  angles  in  surveying  insti-uments.  It  may  be, 
for  general  purposes,  of  any  moderate  size,  from  that 
of  a  common  seal  up  to  the  diameter  of  a  foot.  The 
land  compass  has  usually  a  spring  stop  under  the 
needle,  by  which  it  may  be  thi'own  up  and  retained 
clear  of  the  point  when  not  in  use. 

A  fixed  compass-card,  as  applied  in  the  land 
compass,  could  not  be  used  on  ship-board  for  deter- 
mining the  position  of  the  cardinal  points  in  reference 
to  the  magnetic  meridian,  because  the  vessel  is  con- 
tinually varying  its  position,  and  is  in  continual 
motion :  it  becomes  therefore  reqviisite  to  construct 
the  compass-card  of  some  light  substance,  not  liable 
to  waiiJ  or  to  be  injured  by  heat  and  moisture.  This 
is  attached  to  the  needle  itself,  so  as  to  admit  of  both 
card  and  needle  traversing  together.  If  the  needle 
be  fixed  to  the  card  with  the  north  and  south  poles 
immediately  under  the  north  and  south  poles  of  the 
compass,  then  all  the  points  of  the  card  will  be  cor- 
rectly placed  in  reference  to  the  magnetic  meridian 
of  the  place,  in  whatever  direction  the  vessel  be 
turned ;  that  is  to  say,  supposing  that  no  disturbing 
influence  from  iron  or  other  cause  exist  in  the  ship 
itseK.  This  is  therefore  the  principal  distinction 
between  the  land  and  sea  compass.  In  the  sea,  or 
mariner's   compass,   Fig.  611,  the   magnetic  needle, 


together  with  its  card,  swne,  is  accurately  poised 
on  a  fine  central  point  within  a  bowl  or  case,  a,  of 
glass,  metal,  or  wood ;  and  in  order  to  prevent  any 
disturbance  from  the  pitching  and  rolling  of  the  sliip, 
this  bowl  is  set  within  a  ring  of  metal,  cad,  upon 
two  axial  pivots,  projecting  from  its  opposite  sides, 
one  of  which  is  seen  near  a.  The  ring,  in  its  turn,  is 
set  also  upon  axial  pivots,  at  c  and  d,  in  a  line  at 
right  angles  to  the  former,  and  which  are  supported 
either  within  a  second  semicircular  or  vertical  ring, 
c  B  D,  or  on  pivot  notches  in  two  brass  plates  fked 
at  c  and  d  to  the  box  or  case  in  which  the  whole  is 
usually  enclosed.  [See  Binnacle.]  The  centre  of 
gi-avity  of  the  mass  is  frequently  kept  far  below  these 
axial  pivots  of  suspension  by  a  ring  or  small  mass  of 
lead,  attached  to  the  bottom  of  the  compass-bowl. 
The  two  brass  circles  \vithin  which  the  compass-bowl 
is  thus  supported  are  called  gimbalds ;  and  it  is 
evident  that,  by  these,  the  card  and  needle  will  gene- 
rally be  preserved  in  a  plane  perpendicular  to  that  of 
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the  point  of  suspension.  In  fact,  any  rolling  motion 
transverse  to  the  axis  c  d  moves  the  ring  cad  upon 
the  axis  c  d,  and  any  similar  motion  transverse  to  the 
axis  Amoves  the  ring  cad  upon  the  inner  axis  A; 
the  interior  bowl,  with  the  needle  and  card,  being  all 
the  while  maintained  in  a  vertical  position  by  the 
force  of  gravity.  This' form  of  (lie  compass,  although 
chiefly  employed  to  i;' 11  Mr  :'"■  ,  nu.r  ,,i.  .  ir.irk- 
less  ocean,  has  still   -■    ,    ■  r  ;,  .  ■     i   .  •   >i,ral 

applications.     For  im  ;  r,   .mi'    .:'  il  ,.   ;,   tlio 

reader  to  Sir  W.  Sii.uv  llun-'.  In  i-  i    \l,:-uct- 

ism,  published  in  AVealc's  "Eudimcutary  Scries," 
in  which  he  will  find  an  accoiuit  of  the  azimuth 
compass,  the  dipping  neciUe,  and  other  magnetic  in- 
struments. 

COMPASSES,  an  instrument  in  its  simplest  form 
consisting  of  two  legs,  movable  about  a  joint.  The 
extremities  of  the  legs  are  furnished  with  pomts, 
which  may  be  set  at  any  required  distance  from  one 
another,  and  thus  be  used  to  measui-e  and  transfer 
distances,  and  to  describe  arcs  and  circles.  "  The 
points  of  the  compasses  should  be  formed  of  well- 
tempered  steel,  that  cannot  be  easily  bent  or  blunted ; 
the  upper  part  being  formed  of  brass  or  silver.  The 
joint  is  framed  of  two  substances  ;  one  side  being  of 
tlie  same  material  as  the  upper  part  of  the  compasses, 
either  brass  or  silver,  and  the  other  of  steel.  This 
arrangement  diminishes  the  wear  of  the  parts,  and 
promotes  rmiformity  in  their  motion.  If  this  uni- 
formity he  wanting,  it  is  extremely  difficult  to  8rt 
the  compasses  at  any  desired  distance,  for,  bcim 
opened  or  closed  by  the  pressure  of  the  finger,  if  tin 
joint  be  not  good,  they  will  move  by  fits  and  starl  s, 
and  either  stop  short  of,  or  go  beyond,  the  distance 
required ;  but  when  they  move  eveidy,  the  pressure 
may  be  regulated  so  as  to  open  the  legs  to  the  desired 
extent,  and  the  joint  should  be  stiff  enough  to  hold 
them  in  this  position,  and  not  to  permit  them  to  de- 
viate from  it  in  consequence  of  the  sm;dl  amount  of 
pressure  which  is  inseparable  from  their  use.  When 
greater  accui'acy  in  the  set  of  the  compasses  is  re- 
quii-ed  than  can  be  effected  by  the  joint  alone,  we 
have  recourse  to  the  /uiir  compasses,  in  which  the 
upper  part  of  one  of  the  steel  points  is  formed  into 
a,  bent  spring,  which,  being  fastened  at  one  extremity 
to  the  leg  of  the  compasses,  almost  close  up  to  the 
joint,  is  held  at  the  other  end  by  a  screw.  A  groove 
is  formed  in  the  shank,  which  receives  the  spring 
when  screwed  up  tigiit;  and  by  turning  the  screw 
backwards,  the  steel  point  may  be  gradually  allowed 
to  be  pulled  backwards  by  the  spring,  and  may  again 
be  gradually  pulled  forwards  by  the  screw  bciiiu' 
turned  forwards." — Heather.  There  arc  also  cmii 
passes  with  movable  points;  the  end  of  one  ii 
the  shanks  being  formed  with  a  spring,  which  holil- 
firmly  the  movable  point,  or  a  pencil  or  ink-point, 
or  a  pen-point  with  a  dottiug-wheel,  or  a  length- 
ening-bar, as  may  be  required.  To  describe  small 
arcs  or  circles,  a  small  pair  of  compasses,  called 
bow  compasses,  with  a  permanent  ink-  or  pencil- 
point,  are  used.  They  are  foi-med  with  a  round 
head,  which   roUs  with  ease   between   the   fmgers. 


For  copying  and  rcducuig  drawmgs,  compasses  of 
a  peculiar  construction  are  used,  consistmg  of  a 
double  pair  of  compasses,  two  legs  being  above 
and  two  below  the  central  joint :  the  simplest 
form  of  these  compasses  is  that  called  wholes  and 
halves,  because  the  longer  legs  being  twice  the  length 
of  the  shorter,  when  the  former  are  opened  to  any 
given  line,  the  shorter  ones  will  be  opened  to  the  half 
of  that  lino.  In  this  way,  all  the  lines  of  a  di-awiug 
may  be  reduced  to  one-half,  or  enlarged  to  double 
their  length.  To  reduce  or  enlarge  dravriugs  in  any 
requinil  |ii"i m i :i>ii,  :i  lintutiful  instrument,  named 
the  /-/■  /  ,        ',  is  used.     This,  together 

with  /„,  :  ,  ,  ,  ■  ii  be  described  under  Panta- 
GEAPii.  i  ui  lui  ilai  luiuriiialion  respecting  compasses, 
we  must  refer  to  Mr.  Heather's  Treatise,  in  Weale's 
"  Rudunentary  Series."  This  is  the  best  and  cheapest 
treatise  on  the  use  of  mathematical  instruments  with 
which  we  are  acquainted. 

CONCENTRIC,  having  the  same  centre :  concen- 
tric circles  are  those  described  about  the  same  point. 

CONCRETE,  see  Bridge,  Sec.  iii.— Mortahs— 
and  Cements. 

CONE.  If  a  straight  line  a  x.  Fig.  612,  pass 
tlu-ough  a  fixed  point  o,  and  be  moved  through  any 
curve  such  as  a  b  c,  it  wUI  trace  by 
its  motion  a  surface,  which  is  called 
Of  this  cone,  the  point  o  is 


,'lit  lino,  tliL-  mot 


liuud  figui-c,  the  cone  will  bcco 
pyramid.  The  most  usual  for 
that  whose  generatrix 


ircle.     The  a. 


!of  a 


drawn  from  its  vertex  to  the  centre 
of  its  circular  base.  In  a  right  Fig.cvi. 
cone,  the  axis  is  perpendicular  to  its  base ;  in  an 
oblique  cone,  the  axis  is  oblique  to  its  base.  A 
pyramid  and  a  cone,  whose  bases  and  altitudes  are 
equal,  have  equal  volumes;  for  since  all  the  cor- 
responduig  sections  parallel  to  the  bases  are  equal, 
the  cone  wiU  be  composed  of  a  series  of  plates,  equal 
respectively  to  those  wliicli  compose  the  pyramid. 
The  volume  of  a  cone  is  found  by  multiplying  the 
area  of  its  base  by  one  thii'd  of  its  altitude.  If  a 
cone  and  a  cyhnder  have  equal  bases  and  equal 
altitudes,  the  volume  of  the  cone  wfll  be  one  third  of 
the  viilmuc  of  the  cylinder.  The  volumes  of  cones 
1:.  ,!,  I  :■  i  iiiiional  to  the  products  of  their  bases  and 
i  I  ilie  bases  being  proportional  to  the 

i       !     irir  diameters,  the  volumes  will  be  pro- 

1 I'  r  'I  I "  1  heir  altitudes  multiplied  by  the  squares 

of  the  diameters  of  their  bases.  The  area  of  the 
surface  of  a  right  cone  is  found  by  multiplying  the 
length  of  its  side,  by  half  the  cu-cumference  of  its 
base.  The  area  of  the  surface  of  a  riglit  cone,  is 
equal  to  that  of  a  triangle,  whose  base  is  equal  to  the 
circumference  of  the  base  of  the  cone,  and  whose 
altitude  is  equal  to  the  side  of  the  cone.     If  a  cone 


COOPERAGE— COPPER. 


bo   cut   by  a  pi  me   a'b',  Eig.  013,   parallel  to   its 
O  bise,  the  figure  with  parallel  cLrcular 

ibascb  thus  cut  off,  is  called  a  truncated 
cone     The  area  of  the  surface  aud  the 
^    volume  of  a  truncated  cone,  are  found 
'     by  taking  the  difference  of  the  sm-faees, 
aud  of  the  volumes  of  the  whole  cone, 
3  A  0  li,  and  of  the  cone  a'  o  b'  which  is 

V  ciic  ilii  coue  is  produced  in  the  arts  by  means 
ot  tht  tuuiiii!,' hithe  when  the  substance  to  which 
tliL  I  mm  tl  li)im  is  to  be  given,  is  kept  constantly 
tunuiit,',  the  cutting  tool  is  moved  along  the  durectrix, 
ni  suk  ul  the  ciiiie  ,  as  it  advances,  the  circular  form 
is  [,i\(.n  tl)  tliL  section  ot  the  body  by  its  own  motion, 
and  the  uctihntii  foun  is  given  to  its  side  by  the 
muliun  uf  thL  tool 
COOLER,  St  e  Beer. 

COOPERAGE  Eiom  the  year  70  of  the  Chiistian 
ci  I,  the  ait  of  making  vessels  of  different  pieces  of 
wood  seems  to  li  i\  e  been  well  known.  The  invention 
IS  ascubed  by  Phiiy  to  the  people  who  lived  at  the 
foot  of  the  Alps.  Some  of  the  classical  writers  on 
Rural  Economy  mention  such  vessels,  and  describe 
thein  as  being  bound  together  with  circles  of  wood 
or  hoops.  The  art  was  probably  introduced  by  the 
Romans  into  Britain,  aud  it  seems  to  have  attained 
its  present  state  of  perfection  at  a  very  early  period. 
Til,'  mviipiii  .iiui'llir  iMiiiirr  is  divided  into  several 
.;    I      '    i         I.         I    .  r.ioper  makes  casks  for 

(1;  I         .    not  in  a  liquid  state,  as 

s,i/  :!,  in, I, 111'  ,  ll'iiir,  :.''  Tlie  wet  or  tit/ht  cooper 
iiKikcs  casks  for  all  kinds  of  liquid  goods,  and  this 
branch  is  subdivided  into  large  and  small  work,  which 
are  kept  quite  distinct.  There  are  also  white  coopers, 
or  those  who  make  tubs,  pails,  clim-ns,  &c. ;  and  there 
arc  coopers  in  general,  who  profess  to  undertake  idl 
kinds  of  work :  it  is  necessai-y  however,  in  order  to 
become  a  skilful  cooper,  to  confine  attention  to  one 
In-aneh  of  the  trade,  and  of  this  the  most  difficult  is 
that  which  is  devoted  to  large  tight  work. 

Ti;,'ht  work  is  made  of  oak,  of  which  five  kuids 
are  used,  viz.— Quebec,  Virginia,  Dantzic,  Hambro', 
aud  Eiii^lish  oak.  Small  dry  casks  or  kegs  are  chiefly 
made  of  (^urbcc  oak. 

The  liguro  of  a  cask  is  that  of  two  truncated 
cuiics  or  conoids  joined  together,  for  the  lines  are  not 
straight  as  in  cones ;  but  cm-ved  from  the  vertex 
to  the  base.  The  place  of  jimction  of  the  two 
conoids,  or  the  middle  of  the  cask,  is  caDed  the 
belli/  or  ('.','  ,  ::;i'l  ii  .■  -pace  between  the  middle 
and  thr  i  ;  i  The  wood  is  chosen  from 

old,  thir].,  ;.    i      I  i:>,s:  the  plauks  are  hev\Ti 

aud  funiir.l  ini  :•.,,.  The  Erench  prepare  the 
wood  in  wuitrr;  the  staves  aud  the  bottoms  are  then 
formed,  and  the  cask  is  mountei  or  put  together  in 
summer.  Shaping  or  planing  the  staves  is  one  of  the 
most  difficult,  and  also  the  most  important  parts  of  the 
cooper's  work.  Each  stave  must  form  part  of  a 
double  conoid ;  it  must  be  broader  in  the  middle,  and 
gradually  become  naiTower,  but  not  in  straight  lines, 
tcwar.ls   the  two  extremities.    The  outside  of  the 


slaves  across  the  wood  must  be  wi-ought  mto  seg- 
ments of  a  circle,  aud  be  thickest  nearer  the  middle, 
growing  graduaUy  tliinner  towards  the  ends.  When 
the  staves  ai'e  dressed  and  arranged  in  a  circular 
form,  tlie  cooper  without  attempting  to  slope  them, 
so  that  the  whole  surface  of  the  edge  may  touch  in 
every  point,  brings  the  contiguous  staves  into  con- 
tact only  at  the  iimer  surface,  and  by  diiving  the 
hoops  hard,  he  can  make  a  closer  joint  than  could  be 
done  by  sloiiiug  them  froui  the  outer  to  the  iimer 
sides.  J II  ;m-,  :;i:.I  111  LI  111 :  i':r  i.in|>er  cmve  to  the 
staves,!'  '  '    i'^  I  he.  cooper's  art. 

Litlirii,        -:    .  II     I  I  r  many  thousand 

casks  of  uiiiis  aiid  tjiaUs  i„  i;u..l!.  Tlie  office  ol 
io«rf-eooper,  as  it  is  called,  is  au  important  one ;  each 
bond-cooper  has  the  charge  of  from  1,000  to  2,000 
casks,  aud  it  is  his  duty  to  see  that  all  the  casks  are 
in  good  order,  to  draw  out  sami;les  fu-  tasting,  Xc. 

The  reader  who  wishes  to  fulluw  out  the  minute 
details  of  the  cooper's  art,  is  refeiieil  to  tlie  iiuuilier 
entitled  "The  Cooper,"  of  Mr.  Charles  Kuighfs  ex- 
cellent little  series,  "  The  Giude  to  Trade." 

COPiVL,  see  Varnish. 

COPPER  (Cu.  31-7),  a  metal  known  to  the  ancients, 
and  deriving  its  name  from  the  island  of  Cyprus, 
where  it  was  first  wrought  by  the  Greeks.  Before 
the  discovery  of  malleable  iron,  it  was  the  chief 
ingredient  in  the  manufaotui-e  of  domestic  utensils, 
and  iustrmnents  of  war.  Copper  is  soniethncs  met 
with  in  a  native  state,  but  more  frequently  in  combi- 
nation with  the  metalloids,  with  oxygen,  sulphur, 
aud  arsenic.  The  sulphurets  are  most  abundant,  and 
from  them  the  commercial  demands  are  almost  ex- 
clusively supplied.  The  sulphuret  combined  with 
sulphuret  of  iron,  forms  the  well-knowu  yellow  coitpcr 
ore.  Native  copper  often  crystallizes  under  the 
form  of  small  regular  octohedrons ;  these  may  be 
also  obtained  when  copper  is  slowly  precipitated  from 
solutions  by  voltaic  electricity.  Copper  affects  the 
same  crystalline  form,  when  a  considerable  mass  melted 
iu  a  cmeible,  is  left  to  cool  slowly ;  the  part  which 
remains  liquid  after  reposing  some  time,  having  been 
poured  off.  Chemically  pure  copper  may  be  obtained 
by  passmg  a  stream  of  hydrogen  over  the  oxide, 
heated  to  redness  in  a  glass  tube.  If  a  small 
quantity  of  the  oxide  is  operated  on  in  this  way,  the 
reduced  metal  is  obtained  in  tlun  fihns,  which  by 
reflected  light  present  the  characteristic  red  colour- 
of  copper,  but  by  transmitted  light  are  of  a  beautiful 
green.  Copper  is  very  malleable  and  ductile ;  it  may 
be  beaten  out  into  thin  leaves  or  drawn  out  into  fine 
wire.  It  has  great  tenacity,  being  in  this  respect 
inferior  oidy  to  iron.  Its  density  varies  from  S.78 
for  cast  copper,  to  8.96  for  rolled  or  hammered 
copper.  It  has  a  peculiar  taste,  and  by  friction 
evolves  a  disag-reeable  odour.  It  melts  at  a  strong 
red  heat,  which  has  been  fixed  by  Daniell  at  1990° 
Eahr.  At  a  white  heat,  it  passes  off  in  vapour,  which 
hm-ns  in  the  air  with  a  green  flame.  At  a  white 
heat,  copper  decomposes  the  vapour  of  water.  At 
ordinary  temperatures,  this  metal  does  not  oxidise  in 
dry  air;  hut  it  changes  quickly  in  moist  air;  it  tlieu 


beocmes  covered  with  a  strongly  adherent  gi-een 
crust  cousistmg  chiclly  of  carbonate.  Copper 
changes  more  quickly  if  an  acid  vapour  be  present. 
Vkrdigeis  is  a  subacetate  of  copper,  and  is  formed 
by  placing  plates  of  the  metal  in  contact  with  the 
fermenting  marc  of  the  grape,  or  with  cloth  dipped 
in  vinegar.  Heated  to  redness  in  the  air,  copper 
becomes  quickly  oxidized,  a  black  scale  covering  its 
surface.  Dilute  sidphuric  aud  mui'iatic  acids  scarcely 
act  upon  metallic  copper,  but  dilute  nitric  acid 
dissolves  it  readily.  Two  oxides  are  known  which 
foi-m  salts.  The  protoxide  or  black  oxide  of  copper, 
(CuO,)  is  the  base  of  the  ordinary  blue  and  grceu 
salts.  When  a  salt  of  this  oxide  is  mixed  with 
caustic  alkali  in  excess,  a  bulky  pale  blue  precipitate 
of  hydrated  oxide,  (CuO,  HO)  falls,  which  when  the 
whole  is  raised  to  the  boiling  point,  becomes  con- 
verted uito  a  heavy  dark  brown  powder :  this  is 
anhydrous  ojtide  of  copper,  for  the  liydiate  is 
decomposed  eveu  in  contact  with  water.  Prepared 
at  a  high  temperature,  the  oxide  is  perfectly  black 
and  very  dense.  The  hydrated  oxide  of  copper  is 
used  as  a  pigment  or  colour  for  paper-stainiug,  for 
which  pm-pose  it  is  mixed  with  glue  or  sise,  with  the 
addition  of  chalk  or  alumina.  Its  blue  colour, 
however,  soon  aeqiurcs  a  greenish  tinge. 

The  suboxide  or  red  oxide  of  copper,  (CuzO,)  may 
be  procured  by  heating  in  a  covered  crucible  a 
mixture  of  5  parts  of  black  oxide,  and  4  parts  of  Hue 
cojipcr  tilings.  There  are  various  other  methods  of 
procuring  it.  It  often  occurs  in  transparent  ruby 
red  crystals  associated  with  other  ores  of  copper ;  it 
is  known  as  Buhi/  copper :  one  variety  known  in 
Cornwall  as  'file  ore,  contains  peroxide  of  iron. 
The  suboxide  gives  a  iine  red  tint  to  glass,  while  that 
given  by  the  protoxide  is  green. 

Among  the  more  important  salts  of  copper  may  be 
noticed  the  Sulphate  or  Blue  ciiriol(C\i  0,  SOj+SHO). 
This  salt  may  be  prepared  by  dissolving  oxide  of  copper 
in  sidphuric  acid,  or  more  ecuu  :,"i  i!l\  1  ,  .,;  :  ^i^ 
the  sulphuret.     It  forms  large  .,  ,         ,, 

coloui-,  which  are  soluble  in    1    ,    ;  •   -    '  I    ,    :    :  ,  ; 

boiling  water  ;  heated  to  400' it  u^, ..,:iiir,,i:    ,., 

loses  its  colour  aud  becomes  white;  if  k'ft  exposed, 
it  slowly  re-absoii)s  water  from  the  air,  and  regions  its 
blue  Colour  ;  or  if  sprinkled  with  water  heat  is  evolved, 
ami  tlic  liluc  hydrate  is  immediately  fonned.  This  salt 
is  the  source  of  several  blue  and  green  colours,  it  is 
used  by  dyers  and  caUco-priuters ;  also  in  some  kinds 
of  writing  ink,  but  with  this  inconvenience,  that  in 
writing  with  steel  pens,  metallic  copper  is  precipitated 
upon  the  steel,  and  the  pen  gets  clogged ;  it  is  on 
this  principle,  that  byimmcrsmg  pieces  of  iron  in  the 
waters  of  copper-mines,  which  often  hold  copper  in 
solution,  met;illio  copper  is  recovered.  Grain  steeped 
in  a  solution  of  this  salt,  is  said  to  be  not  liable  to 
the  smut,  and  timber  or  planks  similarly  treated,  will 
be  preserved  from  dry  rot.  "Wood-work,  ceUars,  &c., 
subject  to  mouldiness  should  be  washed  with  a 
solution  of  blue  vitriol.  This  salt  is  also  a  powerful 
[)rescrvativc  of  animal  substances,  which  when  imbued 
with  it  avul  dried,  renudn  unaltered. 


The  commercial  sidphate  of  copper  is  manufactured 
in  the  following  mamicr : — In  a  wooden  vessel  lined 
with  stout  sheet-lead,  oil  of  vitriol  is  poui'cd,  to 
which  are  added  copper  scales,'  until  a  saturated  solu- 
tion of  sulphate  of  copper  is  obtained,  the  operation 
being  assisted  by  the  aid  of  steam  blown  in  through 
a  lead  pipe  dipiiini,'  i  ■  Mi  1-  ii;ii  nf  the  vessel:  the 
mother  liquor  of  ;t   ;  ;■        i  ii  is  then  added, 

and  the  whole  Kl'i    i     ■       .   ,  I'lie  crystallizing 

vessels  are  of  wi Hi,  1  !:  .  i  .liii  !■  1:  tlicy  are  placed 
in  a  warm  room,  aud  a  cidp  of  crystals  is  usually 
obtained  in  4  or  6  days.  The  mother  liquor  being 
poured  off,  the  crystals  are  drained,  and  packed  in 
casks  for  sale:  in  some  cases  they  are  previously 
dried.  It  is  not  unusual  to  add  the  pid:le  or  dippunj- 
liqnor  used  by  the  coppersmith  for  the  purpose  of 
cleaning  copper,  brass,  &c.,^  to  the  solution  of  copper 
in  sulplnuic  acid ;  aud  in  some  eases  the  pickle  is 
used  alone,  for  the  purpose  of  furnishing  ci-ystals  of 
this  salt,  the  excess  of  acid  being  neutralized  by  oxide 
of  copper.^ 

By  adding  carbonate  of  soda  in  excess  to  a  solution 
of  sulphate  of  copper,  the  precipitate  is,  at  fii'st,  pale 
blue  aud  ilocculent,  but  by  heat  it  becomes  of  a  sandy 
texture  and  of  a  green  colour.  In  this  state,  it  con- 
tains Cu03C02-f  CuO.HO.  This  carbonate  is  pre- 
pared as  a  pigment  under  the  name  of  line  rerdilrr. 
Malachite  has  a  similar  composition  ■,  it  Is  ftiuud  in 
great  beauty  in  the  Uraliau  iii<.ii!,i,,;!i  ,  ,  f  Sihcria. 
Chloride  of  copper,  Cu CI  +  J  1 1 '  '  i(|i,ived 

bydissolvingtheblackoxiil.il  i.l,  and 

concentrating  the  resulting  ui 1 1  II  ■  l.ii  .in  II  forms 
grceu  crystals  very  soluble  in  \^atrr  aud  in  alcohol: 
it  gives  a  green  colour  to  the  flame  of  alcohol. 
Dichloride  of  copper  Cu2Cl  is  obtained  by  exposmg 
copper  filings  to  the  action  of  chlorine.  It  may  also  be 
obtained  in  various  other  ways.  'WTien  this  salt  is 
moistened  and  exposed  to  air  it  becomes  green,  aud 
is  converted  into  a  compound  of  chloride  and  oxide 
'I'  .  :  j.  1^  "Iii.-h  has  been  termed  Submuiiate  of 
.      ;  .     '      .'■   .   sir  I, :k  green. 

'  "  i '  .  ,..'iiuds  of  copper  aud  sulphur,  the  most 
Ml'.,.  :  _  1.  the  disulphm-et  (Cuo  S.)  It  is  found 
as  an  ore  cliiclly  in  primitive  countries.  It  occurs  in 
Cornwall  and  Yorkshire  in  great  beauty,  crystallized 
aud  massive.  Its  colour  is  grey:  its  lustre  shining 
and  metallic  :  its  sp.  gr.  5.69  to  5.73.  Its  primitive 
form  is  a  six-sided  prism,  which  passes  into  the  dode- 
cahedron with  triangidar  faces  and  its  various  modifi- 
cations. But  by  far  the  largest  proportion  of  the 
copper  of  commerce  is  derived  from  the  ferrosid- 
phuret,   or  copper  pyrites,   or  yellow  copper   ore. 
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This  occurs  in  various  forms,  its  primitive  crystal 
being  the  regular  tetrahedron. 

The  metallui-gical  history  of  copper  presents  so 
many  important  and  interesting  features,  that  we 
propose  to  devote  a  considerable  space  to  the  subject. 
The  methods  adopted  for  proom-ing  the  ore  and 
raising  it  to  the  surface,  stamping,  dressing,  &o.,  will 
be  described  under  Metallurgy— Mine— Mining. 
Our  present  object  is  to  give  a  brief  notice  of  the 
copper  trade,  and  to  detail  somewhat  fully  the  various 
processes  concerned  in  the  smelting  of  the  ore. 

The  copper  smelting  works  of  this  counh-y  are 
situated  at  Swansea  in  the  Bay  of  Bristol ;  they  are 
by  far  the  largest  in  the  world,  they  are  liighly  pro- 
sperous, and  many  of  the  cu-curastances  connected 
with  them  arc  unparalleled  in  the  history  of  metal- 
lurgy. 

The  ores  of  metals  generally  contain  a  large  pro- 
portion of  matter,  the  value  of  wliioh  is  incompara- 
bly less  than  that  of  an  equal  weight  of  metal  con- 
tained in  them.  To  save  the  expense  of  carriage 
tlic  ore  is  usually  dressed  in  the  vicinity  of  the  mine, 
and  the  position  of  the  smelting  works  is  most 
commonly  determined  by  that  of  the  metallic  lodes. 
Thus  in  all  tlie  great  metalliferous  districts,  in  the 
Altai,  and  the  Ural  Mountains,  in  Sweden,  Norway, 
Hungary,  the  l^^-ol,  Germany,  &e.,  the  ore  has  rarely 
to  travel  more  than  a  few  miles  to  the  place  where  it 
is  to  be  smelted.  In  the  United  Kingdom,  however, 
the  copper  ore  is  sent  by  sea  from  the  numerous 
mines  of  Cornwall,  Devousliire,  Wales,  Ireland,  and 
the  Isle  of  Man,  to  South  Wales  to  be  smelted ; 
distances  varying  from  CO  to  250  miles,  and  this 
traffic  has  not  added  more  to  the  expense  of  smelting 
than  would  be  occasioned  on  the  continent  by  a  mean 
transit  of  10  times  less  the  distance.  Moreover, 
during  the  last  20  years,  Swansea  has  been  supplied 
with  ores  from  the  shores  of  Europe,  from  Cuba, 
Mexico,  Cnlnmbia,  Peru,  Chili,  Australia,  and  New 
Zealand,  sr,  t]  ,t  :,^  fii,-  | ,; ,  M-'iit  time  there  is  more  cop- 
per simli-r  ,  ~  i\  '  lli:ininall  the  other  coun- 
tries of  I  Ih   \     ,   ,    I:  !  i  V  nia  World  taken  together. 

Theciipj"  I  ' !  ii'i  ni  iM'-  (nuutiyis  therefore  of  great 
importance,  although  vastly  inferior  to  that  of  ii'on: 
indeed  there  are  as  many  hands  employed  in  one  of  our 
great  iron  works  as  in  all  the  copper  works  of  the 
kingdom.  There  are  19  copper  works  in  England  and 
Wales,  all  of  which  (with  the  exception  of  two  small 
works,  one  in  Liverpool  and  the  other  in  Anglesea,)  are 
situate  in  the  Swansea  Valley  above  the  town,  or  within 
a  distance  of  11  miles  from  it.  Swansea  owes  her 
distiuction  in  this  respect  to  the  possession  of  a 
commodious  and  safe  harbour,  with  a  coal  field  behind 
it.  The  Admiralty  Hydrographers  remark: — "Of 
all  the  ports  in  the  Bristol  Channel,  there  is  perhaps 
none  more  favourably  situate  than  that  of  Swansea, 
for  it  is  an  important  fact,  that  Swansea  harbour  is 
accessible  to  any  stranger  that  may  arrive  in  the  bay 
when  it  is  blowing  too  strong  for  pilots  to  get  off." 
The  width  of  the  bay  is  about  10  mUes,  and  the  town 
is  situate  in  the  centre  of  the  curve. 

The  ores  of  Cornwall  and  Devonshire  are  sold  at 


or  near  the  mines  where  they  are  raised.  Eore'ign 
ores  are  brought  to  Swansea  to  be  sold.  The  Cornish 
ores  are  roughly  prepared  for  sale  in  the  following 
manner : — When  the  ores  arc  brought  to  the  sui-face, 
they  are  divided  into  three  portions :  the  tu-st  con- 
sisting of  pieces  about  the  size  of  the  fist,  called 
spallinff  stuff;  the  second  termed  picking  rough,  con- 
sisting of  such  smaller  pieces  as  will  not  pass  through 
a  sieve,  named  from  the  size  of  the  meshes,  a  three- 
quarter-inch  griddle  ;  and  the  third,  of  all  that  passes 
through  the  sieve,  called  shaft  small.  The  larger 
pieces  being  broken  to  about  IJ  inch  square,  arc 
mixed  with  tiie  picking  rough,  and  the  whole  is 
divided  into  prilk,  or  lumps  of  pure  ore ;  drudge,  or 
ore  mixed  with  other  substances;  and  halmns  or 
leamngs  which  contain  but  a  small  quantity  of  ore. 
The  prills  are  broken  into  pieces  of  about  \  inch 
square,  \xVv\  '-  iirrfmiieil  by  females  with  large  flat- 
poUeil  I  .  '  I  !.  !  '  iirrs;  this  portion  of  the  ore 
is  UiMi  '      :  ikct.     If  the  dradge  contain 

but  litilr  !(  ;  i;i:^  ,  .1  IS  broken  to  a  still  smaller 
size  than  tlic  prills,  and  is  then  jigged  in  a  sieve  of 
about  5  holes  to  the  square  inch :  by  which  means  it 
is  separated  into  4  parts :  1,  that  which  passes 
through  the  sieve,  called  hutch-work,  which  is  usually 
lit  for  sale ;  2,  that  portion  occupying  the  bottom  of 
the  sieve,  called  ragging,  which  is  also  in  a  marketable 
state;  3,  the  middle  part  of  the  contents  of  the 
sieve  which  is  agam  broken  and  jigged;  4,  that  at 
the  top  of  the  sieve,  which  is  put  among  the  leavings. 
If  the  dradge  contain  much  ii-on  pyrites,  it  is  picked 
by  females  and  chUdi'en  :  the  pieces  being  broken  to 
about  I  inch  square,  and  the  impurities  picked  out  by 
hand.  By  continuing  these  operations  of  picking, 
breaking,  and  sifting,  the  ore  is  rendered  fit  for  sale. 
Some  of  the  ores  are  so  soft,  that  cxposui-e  to  water 
woidd  occasion  loss.  The  leavings  or  refuse  ai-e, 
however,  sometimes  stamped  and  huddled  in  the  same 
manner  as  tin  ore.     [See  Metallurgy.] 

The  determination  of  the  value  of  the  ores  offered 
for  sale  is  difficult,  and  it  is  admitted,  that  the  precise 
results  obtained  by  the  chemists,  are  inferior  in  prac- 
tice to  those  adopted  by  the  miuing  agents.  Although 
these  may  be  only  an  approximative  analysis,  and 
occasionally  lead  to  a  depreciation  in  the  price  offered 
for  the  ore,  the  mine  owners  are  too  well  aware  that 
their  interests  are  identical  with  those  of  the  smelters, 
to  disturb  the  method  of  selling  the  ores  which  has 
existed  for  very  many  years.  The  plan  adopted  is  as 
follows : — When  the  miners  of  a  certain  place  have 
to  sell  a  quantity  of  ore,  advertisements  are  inserted 
in  the  local  journals  appointing  the  days  for  sale,  and 
the  days  when  specimens  of  the  ore  may  be  taken. 
The  places  of  sale  are  Camborne,  Redruth,  Truro,  and 
Pool,  on  account  of  their  central  position.  The  sales 
always  take  place  on  a  Thm-sday.  Each  of  the  Welsh 
copper  companies  has  two  agents  in  Cornwall,  one  of 
whom  takes  the  sample,  of  which  the  other  makes 
the  assay.  On  the  day  appointed  the  agents  meet  at 
the  mine,  dine  at  the  expense  of  the  owner,  and  take 
samples.  The  weight  of  each  lot  rarely  exceeds  100 
tons,  and  is  seldom  less  than  5  tons :  it  is  usually 


between  20  and  SO  tous.  During  the  15  days  be- 
tween this  and  the  day  of  sale,  the  agent  makes 
bis  report  to  and  receives  instructions  from  his  em- 
ployers for  the  regulation  of  his  biddings.  On  the  day 
appointed  for  sale,  the  agents  meet  the  mine-owners 
at  an  inn  in  one  of  the  above-named  towns;  the 
meeting  is  usually  presided  over  by  the  owner  who 
has  the  largest  quantity  of  ore  for  sale.  The  sale 
commences  at  noon  with  closed  doors,  and  the  pro- 
ceedines  are  conducted  in  a  very  quiet  manner, 
nl.i.o,,:.!,  „,  „,,,pi,  ,1,  from  20,000/.  to  40,000/.  worth 
i'(  '      ■   I     111'  contended  for.     The  chairman 

I"  li        I    !i    ilirnuraberoftonsandthedescrip- 

lifi:!!!]  ihrir-'  |i  it  nil  his  list.  Each  bidder  ■mifcs  on  a 
slip  of  pa]icr  called  a  /icket,'-  the  \<i '.  r  ".1 M,  In  ]  :  ,  lo 
offer  and  gives  it  to  the  prcsiili    '       i  nf 

each  lot  not  having  been  rigoi-  ,  I'lr 

price  offered  refers  to  the  ton  ni  ' ;/  ni,  All  ilie 
tickets  being  collected,  the  president  reads  slowly 
the  prices  offered,  and  the  agents  enter  them  in 
papers  niled  for  the  purpose.  The  president  assigns 
the  lot  to  the  highest  bidder,  and  states  the  difference 
between  the  highest  and  the  lowest  price  offered. 
Should  any  two  agents  make  the  same  offer,  the  lot 
is  divided  equally  between  them.  A  second  lot  is 
then  put  up,  and  10  minutes  is  allowed  for  the  agents 
to  make  their  calculations,  which  may  be  to  a  certain 
extent  influenced  by  the  result  of  the  first  sale. 
The  following  is  a  specimen  of  one  of  the  papers  as 
filled  up  by  the  agents  while  the  president  is  reading 
over  the  tickets.  The  prices  underlined  are  those  at 
which  the  different  lots  were  sold. 
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REDBUTH,  20th  C 

CTOBEH,  IS 

F,r..I,„,. 

T„„U  Lo,. 

Fo„r,h  Lo, 

1st  Company.... 

5 ;;  0 

£    s.  d. 
8    5     G 

£    J.  d. 

;;: 

After  the  sale  the  agents  proceed  to  the  mine,  and 
the  lots  are  delivered:  the  weight  of  each  lot  is 
exactly  ascertained  in  the  moist  state,  and  the  agent 
then  finds,  by  experiment,  what  deduction  is  to  be 
made  for  moisture.  One  month  after  the  sale  the 
founders  forward  to  the  mine  owners  bdls  payable  one 
month  after  date,  for  the  amount  of  their  respective 
pm-chases.  In  the  year  1S4S  the  nmnber  of  tons  of 
copper  ore  sold  in  Cornwall  amouirted  to  153,120, 
which  produced  873,436/.  10s.  M.  In  the  same  year 
47,611  tons  of  foreign  copper  ores  were  sold  at 
Swansea,  wliieh  produced  641,056/.  10s.  6r/.:  these 
letch  a  higher  price  than  the  English  ores,  not  only 
on  account  of  many  of  them  being  richer,  but  also 
from  their  being  higher  dressed  before  they  are 
shipped  for  England. 


The  mines  of  South  jVmerica,  the  foreign  West 
Indies,  and  Australia,  which  supply  the  ores,  are 
worked  chiefly  by  English  adventurers,  the  head 
quarters  of  the  several  companies  being  in  Loudon. 
These  companies  charter  vessels  of  large  burden  to 
convey  the  ores  to  Swansea,  where  they  are  stowed 
iir  yards,  crushed,  sampled,  and  sold  to  the  copper 
masters  at  the  ticketir.gs.  Some  of  the  ores  are 
crushed  by  passing  them  through  rollers.  A  oon-e- 
spondent  of  the  Morning  Chronicle  describes  a  visit  to 
one  of  the  tickctings  which  are  held  every  fortnight 
at  the  chief  hotel  in  Swansea.     He  says : — 

"  The  proceedings  were  characteristic,  and  were 
remarkable  for  the  total  absence  of  that  kind  of  excite- 
ment which  often  accompanies  business  transactions 
on  so  extensive  a  scale.  At  a  long  table,  arranged 
with  blotting-paper,  pens,  and  ink,  as  at  a  committee 
meeting,  the  proprietors  or  agents  of  the  eo|)per  works 
take  their  seats.  At  12  o'clock  the  chairman  takes 
the  chair,  and  opens  the  business  by  saying  : '  I'll  take 
offers  for  the  flrst  four  lots  of  Cobre,  Burra  Bm-ra,' 
or  whatever  may  be  the  number  of  the  lots  and  the 
kind  of  ore  to  be  sold  in  the  first  group.  Upon  this 
the  buyers,  who  have  previously  had  each  lot  assayed, 
and  ascertained  its  worth,  enter  on  a  smaU  billet  of 
paper  the  amount  they  bid  per  ton  for  each  lot,  fold 
the  paper,  and  hand  it  to  the  chairman.  Wlen  all 
the  biddings  are  received,  the  chairman  opens  them 
in  a  prescribed  order,  and  calls  out  the  bidding,  which 
the  parties  present  enter  into  a  blank  form  supplied 
for  the  purpose ;  and  when  he  has  gone  through  the 
whole,  he  names  the  buyer,  and  calls  out  the  '  excess,' 
/.«.  the  sum  per  ton  which  Ilie  liu.i  ;^  ]>'.]  Tu  i  \(reds 
that  of  the  highest  bidder  beln  ;  i  .man 

then  offers  the  next  group  of     i  ;   ■   -ime 

routine  is  pursued  as  on  the  lii-i  "<■,':>  Imi  ^.ireely 
a  word  is  spoken.  In  this  manner  sales,  in  the  eourse 
of  an  hour,  are  effected,  amounting  to  between  20,000/. 
and  50,000/.  At  the  ticketing  held  on  3d  Jan- 
uary, there  were  thus  sold  1,447  tons  of  Cuba  and 
South  Australian  ores,  the  proceeds  amounting  to 
28,925/.  4s.  M.  The  wirgo  of  Burra  Burra  ore, 
brought  by  one  ship,  'The  Ancient  Briton,'  appears 
to  have  realized  14,666/.  -Is.  r.  '  .  ~  :'  ,  '„,  ,  i„tal. 
What  struck  me  as  very  re  1 1 1, 1  lirvty 

with  which  the  calculations  nl  i'  i     ;    :       ores 

had  been  made  by  the  buyers.  '11  m  --,  ii  m  oi  :i.  living 
must  have  been  carried  here  to  very  high  perfection; 
for  the  '  excess'  of  the  highest  bidder  over  the  bidder 
next  below  hun  in  the  ease  of  15  lots  which  I  saw 
sold,  was  in  two  instances  2s.  M.  a  ton,  in  five  Is.  6f/. 
a  ton,  in  two  Is.  and  in  six  only  6c/.  a  ton.  The  price 
given  per  ton  for  Irish  ores  sold  at  the  ticketing  I 
attended,  varied  from  S/.  10s.  6'/.  down  to  3/.  l.is." 

The  pr:'.,'-  .;,  i'l  O.-r  -  . -i  •,  ..f  :,  .,  1,,,  „lnch 
the  mil  ir    '     -   ■  '  .  rillrd 

that  kiiiil  <■!,'•■.■'    1       1 1.   ■        ■  ,  .  ii   ,      ■       iVnin 

and  prospects  of  each  company,  and  the  price  of  copper 
in  the  market. 

The  founders  have  depots  in  the  principal  ports  of 
Cornwall  and  Devonshire,  where  the  ore  is  stored.    It 
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is  trauspoitel  to  Swansea  in  vessels  of  100  to  150 
tous  wkich  diaw\  1  111  f  i  tl  1  11  c  u 
discharge  their  c  tie 

yaids  of  the  co    i  I 

at  the  edge  of  th  I  bt 

of  fieightis  al  01 1  t    1  !    !  1  to 

CoimT  11  with  car„  1  \W  1  c  1  tl  ii  „ht  of 
which  1  ays  the  greatei  portion  of  the  expeuses  of  the 
vovas^e  ComwaU  aud  De\on  oeiid  on  an  average  to 
Sn  au^c  1 1G5  000  tons  of  ore  and  Iiel  md  35  000  ton-; 
A  vessel  of  130  tons  arriving  at  one  of  the  company  s 
quays  at  5  A  M ,  wdlhave  diseh  irged  her  cargo  by  3  p  m 
Tw    th    1    of  tl     01      1     h  !•,  b      J  t  t    S  ^    1  ca 


I 


of  t 


irnpyut  11  1         1      i  ^,     i    I     t    h  t 

classes  ace  n  ding  to  their  elie  meal  composition,  and 
the  propoition  of  coppei  contained  m  them  — 

1st  Class  — Coppei  pyiitos  containmg  a  large  pro 
poition  of  uon  pyrites,  and  very  little  oiide  of  copper. 
The  gangue  is  quartz  and  caithy  matters  The 
imouut  of  0  iici\  IKS  fiom  3  to  13  pel  cent 

2  1  CI       —  I  simil  u  in  composition 

t    tl      ]  ung  fiom  15  to  25  per 

J  1  (  1  I  1         ^  containmg  a  ^  ciy  small 

piopoiti  h  1 1  11  ii^iit  md  substances  which  mjui'e 
the  quality  of  the  copper,  but  a  laige  pioportion  of 
oxide  of  copppi  Their  gaugue  is  essentially  quartzose. 
Th  V  contaui  fioiu  12  to  20  per  cent  of  copper 

till  CI  ■!  — Oits  composed  pimcipilly  of  ovidts  of 
c  11  1  1  n  Iwilh  coppei  pyutes,  and  feathei  copper. 
lU  ^  imi  l^  quaitzose,  and  the  vJue  in  copper 
\       ■^  li  111  .2    t  ">  i5  per  cent 

(li  CI  s, — ^  Liy  rich  oies,  fice  fiom  sulphur  and 
1  1  luijub  substances  The  gangue  is  quaitzose. 
llip\  r  lit  m  tl  111  6(1  13  SO  1(1  c  ut  of  copper  m  the 
fuuu  of  native  c  |  1  1    nite     These 

The  foundeis     I  sled  oies  of 

Cliili,  and  the  copp  i  1    1 1 1  "laS  fuirushed 

b^  many  woikeis  in  coppLi,  also  tlio  sligs  of  old 
fuiuices,  which  stiU  eontam  a  piopoitiou  of  copper. 
TliL  fluxes  aie  silica    cliv    fluni   spu    ic      The  last 


1  1.,   q  1  ut  1\    I  ksof  thefur- 

11 1  ( s  >ic    IS    1 1         I  I  the  spot    Fire 

bucks  foi  the  fuiii  ic  R  1  ixmed  horn  Stourbudge. 
That  mipoitant  aitiele  m  all  metalluigic  piocesses, 
the  fuel,  IS  chiefly  the  anthiacite,  or  stone  coal  of 
AV  ilrs  -nluch  fiom  the  absence  of  bitumen,  pioduces 
dm  in  c  II 1  usf  1011  little  or  no  gas,  and  consequently, 
\  \)  lilth  lluiK  The  value  of  tlus  cod,  compaied 
w  il  h  1  liL  c  iki  .,  \  ai  letics,  is  so  small  that  it  wdl  not  pay 
the  euit  of  c  iiuige  out  of  the  country,  except  by  way 
of  biUist,  as  abeady  noticed  Eveiy  yeai  about 
900,000  tons  of  anthracite  coal  aie  raised  m  South 
Wales  (in  1857  the  quantity  was  960,500  tons) ;  aud 
in  getting  out  this  coal  a  nearly  equal  quantity  of  small 


coal  lb  pioduced.  As  this  dry  anthracite  coal  does 
not  cake  by  the  action  of  heat,  but  crumbles  to  powder, 
it  caimot  be  converted  into  coke ;  it  is  of  no  use  iu 
the  roastmg  furnaces,  as  they  are  usuaDy  constructed, 
because  it  shps  through  the  bars  when  added  to  the 
flic  m  moderate  quantity,  and  obstructs  the  draught, 
and  extmgiushes  the  fire  when  added  in  large  quantity. 
The  difliculties  of  using  such  coal  in  reverberatory  fur- 
mees  such  as  aie  employed  in  Wales  in  the  smelting  of 
copper  have  been  overcome  iu  a  very  remarkable  and 
highly  mgemous  manner,  as  will  be  noticed  presently. 

In  the  smeltmg  of  copper  ore,  as  practised  in  Wales, 

tl  cie  are  ten  fundamental  operations,  viz. — 1,   The 

r  1      ition  of  the  ores ;  2,  Melting  for  coarse  metal , 

1  ination  of  coarse  metal ;  i,  Melting  for  white 

I     5    Melting  for  blue  metal;  C,  Re-melting  of 

1  gb    7  Roastiug  of  white  metal ;  8,  Roasting  for 

1  ^  dc    9   Roasting ;  10,  Refiniug  aud  toughening. 

First  Operation. — AU  the  ores  of  the  first  class 
are  roasted  or  calcined  as  it  is  called  in  Wales,  and  the 
opei  ition  is  conducted  in  a  reverberatory  furnace,  of 
which  a  section  and  plan  are  shown  iu  Figs.  615, 616. 
Tlds  ealcming  is  neecssaiy  on  account  of  the  presence 
of  a  large  quantity  of  iron  pyrites,  which  would  not 
allow  the  ores  to  be  raised  in  value  as  respects  their 
copper,  by  mechanical  processes  merely,  such  as  are 
adopted  with  so  much  success  with  the  ores  of  other 
metals.  The  presence,  also,  of  arsenical  sulphurets 
indicates  the  necessity  for  calcining.  The  ores  are 
conveyed  from  the  depots  near  the  quays,  q  q.  Fig. 
G20,  along  an  inclined  plane,  I,  and  are  then  wheeled 
to  a  tram- way,  sj,  Fig.  620,  and  ;,  Fig.  615,  situ- 
ated over  the  calcining  furnaces,  and  the  charge  is 
thrown  into  two  large  hoppers  of  plate-ii-on,  iin, 
Fig.  614  and  615  :  these  are  closed  at  the  bottom  by 
means  of  a  plate,  on  withdrawing  which  the  charge 
falls  upon  the  sole  of  the  furnace  s,  Fig.  616.  This 
sole,  which  is  composed  of  fire  bricks,  is  23  feet  long, 
and  23  feet  wide.  The  vaidt  of  the  fiuiiaee  de- 
scends by  a  rapid  slope  from  the  fire,  to  c,  the 
entrance  of  the  flue,  /,  Fig.  615.  Two  sides  of  the 
furnace  contain  each  two  doors,  Fig.  614,  wliich  allow 
the  men  to  spread  the  charge,  aud  work,  or  rabble  it 
from  time  to  time;  a  hole,  ",  i  i  '  I'l  I.  sMuilnl  near 
the  bridge,  b,  admits  a  qii:i;/  i  :  i,  ■  'i  r.iu  be 
regulated  by  means  of  a  n.  ^  i  ihm,  .  lln  re  are 
four  oblong  openings,  h  h,  in  I 
calcination  with  iron  plates, 
the  charge  can  be  raked  out  into  the  : 

It  is  necessary  in  roastiiij 
be  produced,  and  reverbcrati 
the  mineral :  this  is  usual  1\ 
minous  fuel  in  the  grate,  \m 
is  reverberated  upon  the  i 
which  is  given  to  the  vaulted  tup  of  this  kiui 
naee,  and  also  by  the  di-aught  excited  by  a 
chimney.  But  as  anthracite  does  not  produce  a  flame, 
some  contrivance  was  necessary  to  apply  to  the  useful 
purposes  of  the  copper  smelter  the  immense  stores  of 
this  mineral  with  wliich  South  Wales  is  supplied. 
Wlien  anthracite  is  raised  to  a  very  high  temperature 
it  forms  a  vitreous  scoria,  or  clinker,  wliich,  in  the 


,  ulubL-d  danug  the 
1  withdrawing  which, 
■•s,  R. 


,>1  of  fur- 


ovclinary  form  of  fuinicc    Decisions  qicit  loss  niid 

embarrassment,  bv  choking  up  the  bars  of  tlie  grate 

and  combuiing -mth  the  uonof  the  bars  leads  to  their 

rapid   destruction       In   the  TA  elsli  funnccs  these 

clinkers  are  made  to  peiform  the  otfice  of  the  bottom 

bars  of  an  ordinary  lunnoi     iqpiilin^  thi  tu  1    nul 

limiting  the  supph  ( I    n  i'  i  in 

every  two  bars.   The  1 1  n  1 

on  iron  bars  placed    t   i 

these  do  not  peifoiiii  t'l    u  i 

bars,  but  are  merely  suppoiti  I  i 

are  piled  up  upon  them  so  as  t    I 

to  16  inches  thick      Abmctli  il     I 

full  combustion    and  f  1 1      i '      I  , 


Ore,  and  1: 


e  it  IS 


timially  formed  and  lu  i 

with  the  numeious  fi     i  ill  I 

above  them.     As  this  nrw  clinkii  1  im     it  ^   idn  ilK 

descends  towards  the  bottom  of  the  fire  and  becoium., 

chilled  by  the  npid  cunent  of  ascending  air  which 

supports  the  combustion  sphts  aiM  fn  l    1 1<       n 

rous  fragments     In  this  way  uo\\    '  ' 

sufficiently  large  to  admit  the  a  r      I  i   1 

jets,  wldcli  lu-ge  on  flic   cnml  ill 

enough  to  allow  the    m  ''  i 

The  calciner  mail  nb     I  l  i 

disengages  a  few  of  1 1 1 

mulate,  so  as  to  prcs(  i         1 1    i   i  '  i 

betwecnfhedifieient  partsi  t  the  lud  \\hi(_h  c\i   n  iic 

has  found  to  be  best  adapted  to  the  successfidwoikin., 

of  the  fire. 

The  anthracite  which  is  chi  1%  i      1  i    t'l    I  i  i 
mixed  witli  about  i  of  its  weuht  ' 

coal,  which,  caking  with  the  anlln 
up  by  the  he: 


degr 


.  of  p 


T 


tlic  suppnri 
formed  by 


miiiglrdwitli  '  throuc;li  the  furnace 

Under  niiliuii,  il    caibou  of  fuel  undci 

combustion  i;.  <    i  i  l       ubomc  acid  which  is 

anuiiiullainiiiabli.  ^  is  m  1  j  ii  \(.nts  the  combustion  cl 
other  l)iidics.  Aiti  >  ( ii  il  i  wiU  uot  suppoit  com 
bustion.  r.v  111  il  \  mill  emcnt  however  the 
cr'    il' ■      '  ',  '  '  1  h  the  combustion  o' 

til'     M  ;  I    uof  its  o\Tgen  and 

i^  I       .1'    i,       I  1      ubomc  oxide  befoie 

nr  jii-i    :.'   i!  .  i         ]       \  lult  of  the  furnace 

But  its  uiflanmubh  piopi  ity  would  not  under  ordinary 
cireumstances,  be  displayed  here  for  it  is  aeoompamed 
by  nitrogen,  which  will  not  support  combustion  and 
the  sulphuretted  and  arsemuiettcd  hydrogen  ^ases 
liberated  by  the  calcining  ore  although  combustible 
themselves,  will  not  support  combustion  In  order 
therefore,  to  enable  the  carbonic  o\ide  to  burn 
it  is  necessary  to  supply  it  with  a  supporter  of 
combustion,  such  as  the  oxygen  of  the  atmosphere 
and  for  this  purpose  an  opemiig  o  Tig  616  is 
made  through  the  wall  of  the  fuinace  just  abo\e 
the  ore;  each  of  the  four  doors  two  of  which  arc 
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seen  in  Fig  614  is  also  fm-uished  with  a  fmall  iiole, 
0  thiough  these  apertures  the  air  streams  with 
considtiable  foice  depending,  of  course,  upon  the 
draught  of  the  cbmmey,  and  supplying  oxygen  to  the 
eaibunic  oxide  the  whole  sui-face  of  the  ore  is  played 
upon  by  a  thm  sheet  of  flame,  which  bums  oidy  on 
its  under  smfaee  while  its  upper  surface,  or  tliat  of 
the  cirboiuc  oude  which  suppUes  it,  is  in  contact 
with  gases  which  do  not  support  combustion.  In  this 
I 


way  the  calcmation  proceeds,  and  dl  the  gaseous  pro 
ducts  aie  at  length,  dischaiged  into  the  ehmmey  by 
means  of  the  flue  f  The  whole  <  t  this  ainnai  ment 
IS  exccodmgly  beautiful  an  1  i  i  1   m  e 

can  scarcely  conceive  a  moK     1  i 

cially  as  the  economical  calc  ii  i  is 

the  furnaces  to  be  of  verv  1  u  1  lis 

anthracite  which  bums  with  scaiccly  iiij  fluae,  would 
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seem,  at  first  view,  to  be  tlie  worst  that  could  possibly 
be  chosen  for  heating  large  surfaces,  and  for  so  mode- 
rating the  heat  as  to  maintain  nearly  the  same  temper- 
ature over  a  surface  of  nearly  23  feet  square ;  it  woxdd 
naturally  be  supposed  that  an  excess  of  temperatm-e 
would  prevail  in  the  region  near  the  fu-e.  AH  these 
difficulties,  however,  are  completely  resolved  by  con- 
verting the  combustible  into  cai'bonic  oxide,  and 
diffusing  this  gas  over  the  whole  surface  of  the  sole, 
and  then  causing  it  to  bum  slowly,  by  admitting  a 
current  of  air  distinct  from  that  which  traverses  the 
fire. 

Each  charge  of  ore  weighs  3.45  tons.  It  is  intro- 
duced into  the  furnace  by  pulling  out  the  ii-on  plates 
at  the  bottom  of  the  hoppers  ;  these  are  inuuediately 
replaced,  and  the  ore  is  distributed  over  the  sole  in  a 
uniform  layer  by  means  of  long  iron  rakes,  introduced 
m  succession  through  each  of  the  4  large  doors.  Fig. 
614.  The  ehai-ge  is  made  up  of  a  mixture  of  ores, 
according  to  the  judgment  and  experience  of  the 
smelter.  Some  of  the  ores  have  been  dressed  and 
washed ;  others  have  been  simply  crushed,  but  not 
powdered;  the  largest  fragments  not  exceeding  the 
size  of  a  nut.  The  temperature  of  the  furnace  requires 
to  be  carefully  regulated ;  if  too  high,  the  ore  would 
become  pasty,  and  a  superficial  glass  of  sulphur  and 
oxide  of  iron  would  form  and  delay  the  process.  At 
a  properly-graduated  temperature  the  iron  pyrites, 
without  ever  becoming  soft,  is  decomposed  in  con- 
centric layers,  which  allows  the  oxygen  to  penetrate 
through  the  porous,  pliable  mass  of  ferric  oxide,  which 
is  being  constantly  formed,  and,  combining  with  the 
sulphur,  forms  gaseous  compounds,  which  are  diiven 
off.  The  fusion  of  tlie  ore  goes  on  gradually  dimin- 
ishing as  the  pyrites  loses  its  proportion  of  sulphur, 
which  is  replaced  by  mctalHc  oxides.  The  heat  can 
then  be  increased  without  any  fear  of  softening  the 
materials ;  and  when,  at  the  end  of  llj  hours,  the 
charge  is  raked  out,  the  furnace  is  at  its  gi'eatest  heat. 
It  is  not  necessary  to  allow  the  furnace  to  cool  before 
putting  in  a  fresh  charge,  as  is  done  in  many  other 
metallurgie  operations,  because  the  large  mass  of  ore, 
C9  ewt.,  absorbs  the  excess  of  temperature.  A  quarter 
of  an  hour  after  the  charge  is  introduced,  the  furnace 
has  sunk  below  a  red  heat ;  the  moisture  of  the 
mineral  is  rapidly  disengaged,  and  even  sulphurous 
fiuues  are  given  off  in  the  vicinity  of  the  fii-e. 

Each  furnace  is  attended  by  two  calciner  men,  each 
man  workuig  24  hours  alternately.  Dunng  the  11^ 
hoxtrs  of  calcination,  one  man  attends  to  the  furnace ; 
but  at  night,  when  a  new  charge  is  required,  two  men 
from  two  contiguous  furnaces  assist,  so  that  the  furnace 
may  be  cooled  as  little  as  possible  by  keeping  the  doors 
open.  The  charge  bcmg  spread  over  the  sole,  the  cal- 
ciner man  rests  for  a  short  time,  and  then  begins  to  urge 
the  fire,  wliich,  dui-ing  the  previous  hour,  had  become 
somewhat  slackened.  Ho  examines  the  state  of  the 
clinkers,  and  cautiously  removes  those  which  prevent 
the  access  of  air,  re-opening  with  the  point  of  an  iron 
rod  the  au:  channels ;  he  next  throws  upon  the  fire  a 
charge  of  coal,  and  then  closes  up  the  fire-door  her- 
metically, by  heaping  up  against  it  the  coal  required 


for  the  next  charge,  which  is  added  after  an  interval 
of  80  minutes. 

An  bom-  after  the  commencement  of  the  operation, 
the  sidphurets  are  in  fuU  decomposition ;  this  action 
is,  however,  confined  to  the  upper  portion  of  the  ore, 
which  is  du-cetly  exposed  to  the  action  of  the  flame, 
and  the  oxygen  of  the  atmosphere.  This  oxidation 
of  the  sulphurets  disengages  a  considerable  quantity 
of  heat,  which  favours  the  operation.  Two  hours 
after  the  commencement  of  the  operation,  the  calciner 
man  renews  the  sui-face  of  the  ore  by  tracing  over  the 
whole  extent  of  the  mass  a  scries  of  parallel  fm-rows. 
This  operation  is  performed  with  a  long  iron  rake, 
called  a  rabble,  and  the  operation  itself  is  teimed 
rabbling.  It  is  performed  in  about  12  minutes  the 
4  doors  of  the  furnace  being  opened  in  succession  for 
the  purpose.  During  the  night  the  calcmer  men  sleep 
near  their  respective  furnaces,  but  a  watchman  goes 
roiind  every  2  hours  to  caU  up  the  men  for  the 
rabbling. 

Yi\  hours  after  the  eommencement  of  the  operation 
the  ore  is  raked  out  into  the  reservoii-s,  kr.  Fig.  616. 
Tliis  is  a  very  painful  operation,  for  the  ore.  having  lost 
only  one  half  of  its  sulphur,  coming  in  contact  with  the 
external  air  at  this  high  temperatui-e,  discharges  con- 
siderable quantities  of  sulphurous  and  sulphuric  acids, 
which  become  diffused  all  around,  and  render  respira- 
tion almost  impossible  to  persons  who  have  not  been 
accustomed  to  these  deleterious  fumes.  Indeed,  the 
men  themselves  suffer  gi-eatly ;  they  cover  the  mouth 
and  nostrils  with  a  handkerchief,  and  occasionally  rush 
to  a  distance  to  inhale  a  less  impure  aii-.  A  new  charge 
being  given  to  the  furnace,  the  operation  is  repeated 
as  before. 

By  comparing  the  fii-st  of  the  following  tables'  with 
the  second,  the  changes  which  have  been  effected  on 
the  ore  wiU  be  understood. 


The  above  results  may  be  cxpres 


Tlie  total  annual  weight  of  ores  smelted  in  South 
Wales  amounts  to  about  200,000  tons,  from  whieh 
about  46,000  tons  of  sulphur  is  expelled  to  waste, 
and  this  produces  about  92,000  tons  of  sulphiu-ous 
and  sulphuric  acids.  Every  day  the  Swansea  works 
project  into  the  air  188  tons  of  these  aeid  gases,  the 
noxious  influence  of  which  extends  to  a  considerable 
distance  :  the  aspect  of  the  country  proves  that  the 
fertility  of  the  soil  is  thereby  considerably  diminished, 
especially  in  the  direction  of  the  prevailing  winds. 
Til-  ;i.  ii  II  -II  :.„:  h:i1  life,  although  not  so  evident,  is 
1!  I  !■      •     I  W  lure  the  smoke  is  so  diluted  by 

1  i  r  s  can  grow,  the  cattle  that  feed 

uu  iL'jiii  ;iii'l  1  :h  -in'cp  pastured  on  them  are  subject 
to  luxations  and  enlargements  of  the  joints,  and  a 
metallic  coating  is  given  to  their  teeth.  The  gases 
given  oil  from  the  numerous  chimneys  of  the  works 
form  a  white  eloud,  so  thick  as  greatly  to  diminish 
the  transparency  of  the  air,  and  when  the  gases  are 
beaten  down  by  the  wind  it  is  sometimes  scarcely 
possible  to  discern  objects  a  few  yards  distant.  The 
clouds  continue  for  a  long  time  before  they  are  dis- 
sipated in  corrosive  ram,  and  they  may  sometimes  be 
seen  after  having  been  driven  3  or  4  miles  from  the 
works.  Their  opacity  is  probably  due  to  the  mutual 
condensation  of  the  two  transparent  gases  and  the 
aqueous  vapour  of  the  atmosphere. 

The  tlues  of  the  various  ealciners  discharge  their 
contents  into  a  gallery,  ff,  Fig.  G14,  where  the  smoke, 
being  somewhat  cooled,  deposits  some  of  its  solid 
matter,  which,  to  a  certain  extent,  diminishes  the 
evU.  But  the  smoke  of  the  copper  works  contains 
other  iugi-edicuts  besides  the  principal  ones  above 
named.  In  a  tract  on  this  subject.  Mi'.  Vivian  gives 
the  following  particulars: — "Copper-smoke,  or  what 
may  bo  properly  considered  under  that  head,  as  being 
pecidiar  to  the  operations  in  a  copper-work,  may  be 
said  to  consist  of  the  following  substances  or  chemical 
compounds,  formed  during  the  calcining  processes  by 
the  evolution  of  substances  contained  in  the  ore  : — 
1,  Sidphurous  acid;  2,  sulphuric  acid;  3,  arsenic; 
4,  arscnious  acid ;  5,  fluoric  compounds,  and  chemical 
Lnpui'ities.  Of  the  above  substances,  the  first  two 
are  formed  by  the  combustion  of  the  sulphur.  The 
sulphurous  acid,  which  is  by  far  the  most  abiindant, 
is  evolved  in  the  state  of  a  pungent  and  penetrating 
gas.  The  sulphuric  acid,  wliich  is  composed  of  sul- 
phur combined  with  more  oxygen  than  exists  in  the 
sulphurous  aeid,  and  water,  appears  as  a  dense  white 
vapour.  The  arsenical  contents  of  the  copper  ores 
expelled  by  heat,  appear  partly  as  arsenic,  in  the 
metallic  state,  partly  as  combined  with  oxygen,  form- 
ing arsenious  acid  or  white  oxide  of  arsenic :  in  both 
cases  it  assumes  tlie  form  of  vapour.  Tlie  fluoric 
compounds  are  produced  by  the  decomposition  of  the 
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fluor  spar  or  fluate  of  lime  dnrmg  tlie  chemical  changes 
occurring  in  the  calemation  of  the  ore.  [See  Op.  IL] 
The  property  of  iluoric  acid  to  act  on  silica  is  well 
known,  and  probably  if  the  contents  of  the  flue  from 
the  calcmer's  were  accurately  examined,  silicated  flu- 
oric acid  gas  and  hydrofluoric  aeid  would  be  formed. 
The  mechanical  impurities  consist  of  the  fine  particles 
of  the  ore  carried  over  by  the  draught  of  the  fui-naoes. 
They  may  contain  a  portion  of  copper,  but  the 
quantity  of  this  is  imqucstionably  very  small."  In 
some  of  the  works,  lofty  stacks  have  been  erected 
to  carry  the  smoke  so  high  as  to  become  greatly 
diluted  with  the  air  before  it  reached  the  groimd; 
but  it  is  stated  that  the  effect  of  this  plan  was  to 
increase  the  evil  by  diffusing  the  smoke  over  a  wider 
area.  The  plan  of  passing  the  smoke  through  showers 
of  water,  as  recommended  by  Su-  Humphry  Davy 
and  others,  has  also  been  abandoned,  and  it  is  stated 
that  all  the  plans  hitherto  devised  for  rendering  the 
smoke  innocuous,  are  so  expensive,  that  if  adopted 
it  would  be  impossible  to  carry  on  the  trade.  The 
prosperity  of  the  town  depends  so  much  on  the 
copper-works,  that  the  inhabitants  are  content  to  put 
up  with  a  positive  inconvenience  rather  than  by 
indicting  the  proprietors,  compel  them  to  seek  another 
locality,  and  take  away  a  trade  which  has  so  greatly 
benefited  the  town  and  neighbourhood. 

Second  Operation. — The  object  of  the  second 
operation  is  to  separate  the  ore  from  its  gauguc,  and 
to  get  rid  of  a  portion  of  the  oxide  of  iron  which 
abounds  in  poor  caleuied  ores.  The  action  of  a  very 
high  temperature  upon  the  charge  is  to  separate  its 
component  parts  into  thi-ee  distiuct  portions :  1,  the 
whole  of  the  copper,  or  nearly  so,  is  collected  in  a 
matt,  consistiug  essentially  of  sulphuret  of  copper 
and  sulphuret  of  iron ;  2,  a  scoria  or  slag  in  whicli 
the  earthy  matters,  oxide  of  iron,  aud  other  fixed 
products  are  coDected ;  3,  gaseous  compounds  com- 
posed essentially  of  sulphurous  acid  and  other  volatile 
matters,  formed  by  the  mutual  reaction  of  the  sub- 
stances employed  under  a  high  temperatiu-e.  The 
most  diflicult  and  also  the  most  important  part  of 
tliis  operation  is  to  concentrate  all  the  copper  in  the 
matt,  for  as  the  scoria  which  is  produced  is  thrown 
away  as  worthless,  any  portion  of  copper  contained 
in  it  is  thus  lost. 

The  charge  is  composed  of  calcmed  ore  from  Op. 
I.,  and  of  some  of  the  scoria  rich  in  copper  from  Op. 
IV.  V.  and  VII.  which  contain  substances  of  easy  fusi- 
bility, such  as  silicate  of  iron,  whereby  the  fusion  of  the 
quartz  and  of  the  oxide  of  iron  which  abound  in  the 
I  ins  is  ureal  ly  iiromoted,  and  which,  but  for  this,  would 
react  with  dilficulty  on  each  other.  Eluor  spar  is 
also  added  as  a  flux,  and  there  are  also  certam  earthy 
matters  produced  by  the  action  of  the  charge  on  the 
sole  and  walls  of  the  fui-nace.  The  fuel  used  is  a 
mixture  of  0.68  anthracite,  and  0.32  of  bitummous 
coal.  Each  furnace  is  served  by  two  men,  who  work 
12  hours  each :  each  charge  is  in  the  furnace  4  hoiu-s, 
so  that  3  charges  arc  made  during  the  12  hours. 
The  successful  working  of  the  furnace  depends  on 
the  skill  and  attention  of  the  men,  aud  the  older 


melal-calciner  man  as  he  is  called,  is  allowed  to  choose 
liis  own  mate.  The  night  work  is  undertalicn  by 
each  on  alternate  weeks.  The  fire  is  of  the  same 
form  and  dimensions  as  in  Op.  I.  but  it  is  managed 
differently  The  bise  of  the  fire  consists  of  a  thick 
raa=s  of  cbnker,  through  which  the  an  streams  in 
1  on  crful  jets,  and  in  1  irgei  quantitv  linn  in  Op  I , 
so  IS  to  produce  a  much  higher  tempcntuie  A  sm'^U 
hole  m  the  fuiu-ice  dooi  allows  the  woiknnn  to  watch 


the  supply  of  air.  If  there  be  too 
little  fuel,  the  remedy  is  to  dinde  the  charge  of  coal 
into  several  portions,  and  to  add  a  portion  fre- 
quently. A  diminution  of  temperature  is  fatal  to 
the  success  of  the  operation,  for  the  charge  vmder 
such  circumstances  becomes  fused  to  the  sole,  and  it 
leqiuies  a  considerable  outlay  of  time  and  fuel  to 
restore  the  mass  to  its  state  of  fusion.  Indeed,  the 
management  of  the  fire  in  this  operation  requires 
tict  ind  judgment :  the  supply  of  air  must  be  cai-e- 
fully  regulated,  for  if  in  excess,  a  short  flame  wUl  be 
pioduced,  not  sufficient  to  reach  to  the  estreraity  of 
the  furnace. 

The  interior  capacity  of  the  furnace  is  about  3 
times  less  than  that  of  the  caleiuiug  furnace.  Or.  I., 
1  c\trtheless  a  very  much  larger  quantity  of  fuel  is 
con'-umed.  The  quantity  of  coal  consumed  in  12  hours 
nil  ounts  to  1.G77  tons,  to  burn  which  requires 
1  03  J  ton  of  oxygen  or  7.10G  tons  of  atmospheric  air. 
Ihe  icsults  of  the  combustion  are  therefore  : — 


The  chimney  is  of  large  size,  and  the  gases  pour  into 
it  at  a  very  high  temperature.  There  is  no  lateral 
opening  in  the  flue  to  cool  the  current,  as  aty,  Tig.  614, 
and  the  single  opening  through  which  the  charge  is 
drawn  out,  is  carefidly  closed  during  the  operation. 
A  door,  at  the  extremity  of  the  furnace,  allows  the 
workmen  to  elaborate  the  charge  by  means  of  a  long 
rake,  and  the  effect  of  opening  this  door  is  not  to 
cool  the  furnace,  because,  although  the  draught  is 
thereby  suspended,  yet  the  cool  air  rushing  in  to 
supply  the  fire,  escapes  not  into  the  furnace,  but  into 
a  side  opening.  The  second  charge  is  introduced 
immediately  after  the  first  is  withdrawn ;  the  calcined 
ore,  Op.  I.,  and  the  flux  are  poured  into  the  hopper 
abo%e,  and  so  let  down  into  the  famace  ;  the  scoria, 
ttlucli  is  in  large  lumps,  is  thrown  in  thi-ough  the 
'  door  The  composition  of  the  charge  varies  with 
tl  c  nature  of  the  ores;  the  scoria  from  Op.  IV.  V. 
•xuA  \  II.  accelerate  the  fusion,  and  the  metal-calcincr 
w\i  n  lie  consequently  very  eager  to  get  it.  This  kind 
ot  shg  has  increased  in  quantity  during  the  last  20 
Tears,  in  consequence  of  the  importation  of  the  rich 
foreign  ores.  The  weight  of  refractory  matter  in 
each  charge  usually  varies  from  1.05  ton  to  1.20  ton, 
and' the  weight  of  scoria  assisting  the  fusion  0.15  to 
0.20  ton.  The  following  is  an  average  composition 
of  a  charge : — 


the  1  '•O'-c^  ind  he  usuiUv  estimates  ita  success  by 
the  intensity  of  the  bght  If  tins  diminishes,  the 
fire  has  too  much  or  too  httle  sohd  fuel  upon  it,  or 
the  gases  wbch  issue  from  it  are  not  in  the  proper 
proportion  to  form  the  highest  attainable  temperature, 
[f  there  be  too  much  fuel  on  the  fire  (as  would  be 
the  case  if  the  charge  of  fuel  were  not  added  after 
the  proper  inteiTal,  but  were  heaped  up  at  a  later 


period,)  the  man  rakes 


e  of  the  e 


The  workman  begins  by  letting  fall  c 


r,  and     1.051  tons  of  ore  and  flux  ;  he  then  closes  tl 


^ffllfflliilB 


and  the  damper  of  tlie  flue,  and  by  means  of  a  rake 
rapidly  spreads  the  charge  in  a  uniform  layer  over  the 
sole.  Then  taking  in  liis  hand  the  largest  pieces  of 
scoria  heaped  up  near  the  fm-uace  door,  he  tlirows 
them  ill,  scattering  them  about  with  tolerable 
regularity ;  he  then  lowers  the  door,  and  carefully 
excludes  all  access  of  air  thereby  by  luting  it  to  the 
wall.  The  charge  is  then  left  for  3i  hours  to  the 
influence  of  the  heat,  and  the  man  devotes  liis  time 
to  the  management  of  the  fire,  and  the  conveyance  of 
the  different  materials  required  for  the  use  of  the 
furnace.  He  detaches  from  time  to  time  fragments 
of  clinker  which  fall  into  the  ash-pit,  and  he  keeps 
open,  by  means  of  a  pointed  iron,  the  central  channel 
of  the  fire,  which  has  a  tendency  to  beoome  choked 
up ;  a  fresh  supply  of  fuel,  weighing  O.IGS  ton,  is 
added  about  every  72  minutes,  and  this  charge  is 
Uvice  the  thickness  of  the  charge  in  Op.  I. 


le  men  of  4  furnaces  usually  unite  in  bringing 
ore,  flux,  &e.  to  the  furnaces.  It  is  to  the 
interest  of  the  men,  who  are  paid  by  the  charge,  to 
as  many  charges  as  possible  through  the  fire 
within  a  given  time,  and  if  left  to  themselves,  they 
would  take  a  short  supply  of  the  refractory  minerals, 
and  lessen  the  weight  of  the  charge.  A  foreman  is 
therefore  stationed  near  the  weighing-out  scales,  who 
makes  an  entry  of  every  charge. 

About  haK-an-hour  after  the  charge  has  been 
introduced,  the  superficial  layer  of  scoria  begins  to 
fuse,  and  forming  liquid  fuiTows  among  the  powdered 
materials  of  the  charge  gradually  filters  through 
them,  or  collects  in  little  poiid^    '  Tlio  qnnutity  of 

fluid  silicate  rapidly  increasrs.  Mil   i'  n  I'^'/iiis  to 

foam  in  consequence  of  the  I-  i  i     -  luluw 

it,  and  escaping  up  through  ii  .   im    ,.   li  ii     m  Imiigs 
into  more  intimate  contact  the  lluiu  Mueaic,  ami  the 
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substances  wliioli  compose  the  scoria  in  process  of 
formation,  assisting  at  the  same  time  in  reducing 
it  to  a  fluid  state,  ■wLUe  the  elements  of  the  matt 
are  by  the  separation  of  the  materials  of  the  slags 
brought  together,  and  begin  in  their  turn  to  react 
upon  each  other,  leading  to  the  production  of  gaseous 
compounds.  By  degrees,  the  fusion  and  consequent 
separation  of  the  shig  and  of  the  matt  are  accom- 
plished, the  matt  occupying  the  lower  surface  of  the 
sole,  and  the  lighter  aiul  luore   bulky  scoria  floating 

appear  to  have  C(:i  -    !■   .    irn..  i.      -,  rise 

here  and  there  ou  t !:. ■    :,  ,  .1   ,     !  i.   :  .1  lUe 

edge  of  the  sole  iim;.  .V:-.  1.    ->,„  il,,:,,,,,^  ; .l,ke 

masses  whicli  have  escaped  Ucpiefaction;  the  man 
obseiTing  these,  opens  the  door  and  rabbles  the 
charge,  detaching  these  masses, -which  fall  into  the  fluid 
scoria  and  dissolve.  The  rabbling  being  completed, 
the  man  closes  the  door,  lets  fall  some  clinker,  and 
arranges  his  fire  so  as  to  produce  the  maximum  of  heat. 
He  then  prepares  for  the  casting  of  the  scoriae  or  slags, 
for  wliich  purpose  he  spreads  out  a  quantity  of  sand, 
which  has  been  heaped  up  on  the  ground  before  the 
door,  and  having  levelled  its  surface,  he  digs  in  it 
4  rectangular  cavities  1, 2,  3,  4,  Fig.  617,  inwliich  the 
scoria  is  received  and  moulded.  The  matt  is  drawn 
by  the  channel  p.  Fig.  617,  and  the  slags  by  the 
door  at  0.  These  are  allowed  to  pour  out  first 
into  No.  1 ;  when  this  is  full  it  pours  over  by  a  side 
channel  into  No.  2,  and  then  iiito  No.  3,  and  when 
these  are  full.  No.  1  begins  to  pour  into  No.  4,  by 
passing  over  a  channel  a  little  more  elevated  than 
the  others. 

A  quarter-of-an-hour  after  the  rabbKng,  the  man 
prepares  for  the  castuig  of  the  matt  by  cautiously 
tapping  with  a  pointed  iron  the  orifice  communicating 
with  the  lower  part  of  the  sole.  A  thin  stream  of 
Kquid  matt  issues  out  and  falls  into  a  cylindrical 
iron  vessel  inunersed  in  a  well,  w,  supplied  with 
cold  water  by  the  pipe  t,  the  effect  of  which  is  to 
gi-anulate  the  metal,  and  to  divide  it  into  portions 
of  about  the  size  of  hempseeds,  the  largest  not 
exceeding  that  of  a  bean.  The  man  then  opens 
the  door  of  the  furnace,  and  draws  out  the  shigs 
into  the  mould  already  described ;  this  part  of  the 
process  requires  considerable  care,  in  order  to  sepa- 
rate the  slags  from  the  matt.  The  basis  of  this 
scoria  is  a  silicate  of  iron,  which  in  itself  is  very 
fusible,  but  its  fluidity  is  greatly  diminished  by  the 
presence  of  several  fragments  of  quartz  and  quartzose 
rock  entangled  with  it.  It  is  too  viscid  to  flow  out 
spontaneously,  but  must  be  got  out  by  a  rake.  To 
prevent  it  as  much  as  possible  from  mixing  with  the 
matt,  the  sole  «  of  the  fui'nace  is  so  arranged  as  to 
incline  towards  a  sort  of  basin,  h,  Fig.  617,  on  one 
side  of  the  furnace,  and  occupying  scarcely  ^d  of  the 
area  of  the  sole.  At  the  end  of  the  operation,  the 
scoria  covers  the  matt  only  in  this  basin,  in  all  the 
other  parts  it  rests  on  the  sole.  The  Sdoria  never- 
theless contains  a  considerable  portion  of  copper,  and 
it  is  for  the  purpose  of  recoveruig  this  copper  that 
the  scoria  is  cast  into  bricks.    The  granulated  copper 


having  a  tendency  to  fall  to  the  bottom  of  the  mass 
of  slag,  it  is  chiefly  collected  in  the  mould.  No.  1 ; 
the  3  other  moulds  being  supplied  by  the  ovei-flowing 
of  No.  1,  contain  a  very  much  less  quantity  of 
copper.  The  men  mark  the  bricks  of  slag  in  the 
order  in  which  they  were  cast.  The  scoriae  are  at  a 
white  heat  when  they  are  cast,  and  then-  temperature 
is  kept  up  as  long  as  possible,  to  facihtate  the  sub- 
sidence of  the  copper;  hence,  during  the  casting, 
iron  plates  are  set  up  on  edge  near  the  moulds 
to  keep  off  the  cool  air,  and  when  the  casting 
is  complete,  the  bricks  are  covered  over  with  sand, 
In  the  meantime,  the  matt  contmues  to  flow,  its 
surface  in  the  furnace  being  protected  by  the  coating 
of  slag,  a  portion  of  which  has  not  been  disturbed. 
A  certain  portion  of  slag  is  also  left  on  tlie  sole  to 
protect  it  from  the  corrosive  action  of  the  slags 
foi-med  by  the  next  charge,  which  is  introduced  while 
the  matt  is  still  flowing  off.  The  volume  of  fluid 
matt  produced  by  each  charge  does  not  exceed 
12  gallons,  and  the  yield  of  two  contiguous  furnaces, 
(Nos.  2,  Fig.  620,)  is  collected  into  one  pit. 

With  new  varieties  of  ore,  the  work  is  a  little 
more  laborious,  and  requires  the  supeiTision  of  the 
inspector  of  tlie  foundry ;  or  should  the  supply  of 
certain  ores  which  are  usually  empkiycd,  fail,  the 
proportions  of  the  charge  require  modification.  In 
such  cases,  the  flux  is  not  added  to  the  charge  at 
once,  and  many  successive  rabblings  are  required  to 
ascertain  the  progrer.s  of  the  fusion,  the  flux  is  then 
added  as  occasion  requires.  In  this  way,  much  practi- 
cal knowledge  is  gained  which  contributes  greatly  to 
the  success  of  the  work. 

The  metaUurgic  re-actions  in  Or.  II.  are  snnple. 
The  oxides  and  sulphurets  are  combmed  in  the  charge 
in  such  proportions  that  the  oxygen  lost  by  the  oxides 
whose  metals  pass  into  the  matt,  and  the  oxygen  lost 
by  the  ferric  oxide  which  passes  in  the  shape  of  ferrous 
oxide  into  the  scoria,  combine  with  the  sulphur  of  the 
sulphurets,  and  form  sulphurous  acid,  the  disengage- 
ment of  which  keeps  up  a  certain  agitation  which 
favours  greatly  the  progress  of  the  re-actioms.  The 
action  of  the  fluoride  of  calcium,  or  fluor  spar,  is 
somewhat  complex.  In  the  gaugue  of  the  copper 
ores  alumina  and  magnesia  are  more  common  than  lime; 
the  portion  of  calcium,  which,  under  the  influence  of 
oxygen  and  sihea,  passes  into  the  state  of  lime,  con- 
tributes to  the  fluidity  of  the  silicates.  About  one 
half  of  the  fluor  spar  remains  xmdeeomposed,  and  the 
fluor  silicate  which  is  formed,  adds  to  the  fluidity  of 
the  scoria.  The  fluoride  of  calcium,  which  is  at  flrst 
dissolved  rapidly  in  the  silicates,  for  which  it  has  a 
great  affinity,  is  then  decomposed  gradually  under  the 
influence  of  the  fragments  of  silica  suspended  in  the 
mass;  the  sUioa  yields  oxygen  to  the  calcium,  and 
the  resulting  siKcum,  which  is  the  exact  equivalent  of 
the  fluorine  of  the  fluor  spar,  combines  therewith. 
This  disengagement  of  fluoride  of  silicum  forms  a  sort 
of  natural  rabbling  of  the  charge  at  the  period  when 
sulphtu-ous  acid  is  no  longer  disengaged,  and  tliis 
mechanical  action  is  one  of  the  essential  advantages 
of  the  fluor  spar  flux. 


Tlic  following  statement  will  show  the  results  of 
Op.  n  ;— 

Poor  scoria,  from  Op.  IV 0.085 

Fluoride  of  calcium 0.041 

1.000 

Coarse  racial,  for  Op.  Ill 0.275 

Furuacewaste,  fromOp.  IV 0.000 

All  examination  of  the  scoria  produced  in  Or.  11. 
will  always  show  whether  the  metal  calciner  men  have 
done  their  duty.  The  scoria  are  inspected  ia  a  court- 
yard, yy,  Eig.  620,  where  the  men  deposit  it  in  regular 
order,  under  the  number  of  each  furnace.  Each  brick 
is  broken  with  a  hammer,  and  the  fracture  examined ; 
the  lower  part  of  the  brick  is  minutely  inspected, 
especially  that  of  the  brick  No.  1 :  the  small  grains  of 
matt,  mechanically  mixed  with  the  slag,  exhibit  a  clear 
bronze  colour,  and  a  metallic  lustre  on  the  black,  dull 
surface  of  the  fracture.  The  value  of  the  copper  in 
the  slags  is  thus  judged  of  very  accurately :  if  the 
proportion  be  from  -^^^  to  yJw  an  experienced  eye 
can  tell  withiu  ^,^^5.  or  -^^  the  quantity  of  copper 
contained  therein.  In  breaking  np  the  bricks  the 
inspector  forms  the  fragments  into  two  heaps ;  the 
larger  heap  contains  those  which  are  to  be  thrown 
upon  the  rubbish  heap,  t.  Fig.  C20,  the  other  heap 
contains  those  fragments  which  are  to  be  returned  to 
the  furnace.  Each  new  charge  contains  0.071  tons 
of  this  rich  scoria;  a  larger  proportion  than  this  would 
be  injurious,  but  as  a  larger  quantity  than  can  be 
used  is  produced,  the  surplus  is  melted  down  once 
a-week  or  fortnight,  for  which  service  the  men  receive 
no  pay. 

The  iron  cylinder  containing  the  coarse  metal,  as  it  is 
called,  produced  by  two  contiguous  furnaces,  is  hauled 
up  by  means  of  a  crane.  Fig.  618,  aud  conveyed  in 
wheelbarrows  to  the  depot,  Fig.  620. 

Sunday  is  to  the  meu  engaged  in  Op.  I.  aud  II., 
what  it  ought  to  be  to  every  one,  a  day  of  rest  from 
worldly  occupation.  The  fires,  however,  require  to 
be  kept  up,  aud  this  service  is  performed  by  one  man, 
who  has  the  charge  of  4  furnaces,  and  he  must  so 
aiTange  that  the  fm-naces  be  at  the  fuU  heat  for  the 
reception  of  the  charges  on  Monday  niorning  at  5 

Third  Operation. — The  coarse  metal  obtained  in 
the  last  operation  is  in  very  smaU  fragments,  externally 
of  a  deep  brown  colour ;  they  are  easily  crushed  by  a 
blow,  and  the  surface  of  the  fracture  is  of  a  brownish 
red.  The  metaUio  copper  forms  about  ^d  of  the  total 
weight ;  it  is,  in  fact,  very  similar  to  copper  pyrites 
free  from  gangue.  It  is,  therefore,  in  the  first  part 
of  Op.  in.  simply  calcined  with  access  of  atmospheric 
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air.  The  charge  is  weighed  out,  and  conveyed  in 
wheelbarrows  to  the  hoppers  over  the  calcining  fur- 
naces, which  are  simikr  to  those  used  in  Op.  I.  Each 
of  these  is  seiTcd  by  two  men,  who  relieve  each  other 
alternately.  One  man  must  work  on  Sunday,  because 
each  operation  extends  over  a  period  of  36  hours. 

The  most  important  part  of  this  operation  consists  in 
the  management  of  the  fire ;  it  is  the  same  in  piinciple 
as  iu  Op.  I.,  but  more  fuel  is  consumed,  and  the  heat 
rcquii'cs  to  be  greatly  iucreased  towards  the  end  of 
the  operation ;  0.043  tons  of  coal  per  hour  is  burnt, 
whereas  in  Op.  I.  it  was  only  0.035  tons.  The  charge 
having  been  spread  over  the  sole,  the  temperature  is 
kept  up  to  the  highest  that  it  will  bear  without  fusing. 
Two  hours  after  the  doors  have  been  closed  it  emits 
abundant  fumes  of  sidphurous  acid,  aud  it  is  rabbled 
every  two  hours  in  order  to  expose  a  fresh  surface. 
The  charge  must  be  gradually  raised  during  the  first 
12  hours  to  an  incipient  red  heat ;  by  the  24th  hour 
the  charge  and  the  walls  of  the  funiace  must  be  at  a 
cherry-red  heat,  and  by  the  36th  hour  at  a  lively  red. 
The  effect  of  rabbliug  is  not  only  to  expose  new  sui-- 
faccs,  but  also  to  break  up  any  masses  which  tend  to 
agglutiuate. 

The  coarse  metal  is  the  only  solid  product  of  this 
operation ;  the  sulphur  passes  oft'  iu  the  form  of  sul- 
phui-ous  and  sulphuric  acids,  while  a  proportion  of 
oxygen  combines  with  the  matt  nearly  equal  to  that 
of  the  sulphur  expelled.  Omittiug  the  sulphuric  acid, 
the  foUowing  tables  will  show  the  difference  between 
the  substances  before  and  after  the  oiieration  : — 


The  product  of  this  operation  may  be  bad  either 
from  the  result  of  too  high  or  too  low  a  temperature. 
There  is  not  much  chance  of  too  high  a  temperature 
being  produced,  for  this  would  agglutinate  the  charge, 
and  give  the  workman  much  extra  labour  in  rabbling. 
The  danger  is  the  other  way,  and  iu  order  to  keep 
the  men  to  their  work  4  inspectors  are  appointed  to 
15  furnaces,  whose  duty  it  is  to  see  that  the  heat  is 
gradually  and  properly  raised,  and  that  the  rabblings 
are  attended  to  eveiy  two  hours. 

The  physical  and  chemical  properties  of  the  coarse 
metal  are  greatly  altered  by  calcination:  the  fragments 
are  much  reduced  in  size,  the  general  colour  is  a  deep 
black,  with  light  brown  reflections ;  many  of  the  grains 
arc  friable ;  others  are  encased  in  a  friable  envelope, 
the  nucleus  being  hard  and  compact ;  this,  when  broken, 
has  a  lustre  of  various  colours ;  other  fragments  are 
formed  by  the  incipient  fusion  of  several  particles 
together. 

Fourth  Operation. — White  metal,  the  object  of 
this  operation,  is  produced  by  associating  with  the 
calcined  coarse  metal  those  ores  of  copper  which  are 
almost  entirely  free  from  sulphuret  of  iron,  and  consist 


principally  of  sulpliuret  of  copper,  oxide  of  copper, 
and  quartz,  in  such  proportions  that  the  sulphuret  of 
iron  becomes  oxidized  at  the  expense  of  the  oxygen 
of  the  oxides.  The  excess  of  sulphur,  or  that  which 
is  not  acidified  in  this  operation,  combines  with  the 
whole  of  the  copper,  forming  white  metal,  (which,  in  its 
purest  state,  is  the  disulphuret  Cu^  S,)  while  the  oxide 
of  iron,  combined  with  silica,  passes  entirely  into  the 
slag.  In  practice,  however,  these  reactions  cannot  be 
accompUshed  with  the  precision  which  theory  indicates, 
because  it  is  impossible  to  bring  the  oxides  and  the 
sulphuret s  together  in  true  chemical  proportions. 
The  reaction  is  made  as  complete  as  possible  by  pro- 
longing the  operation,  and  the  most  advantageous 
result  is  found  to  be  obtained  by  leading  a  certain 
portion  of  iron  in  the  matt,  and  a  considerable  portion 
of  oxide  of  copper  in  the  slag.  This  enriching  of  the 
slag  does  not  produce  any  inconvenience,  for  none  of 
it  is  thi-own  away,  as  in  Op.  11.;  on  the  contrary,  it 
is  of  considerable  value  in  a  subsequent  operation. 
By  continuing  to  enrich  the  slag  the  last  traces  of 
sulphuret  of  iron  are  expelled,  and  pm-e  white  metal 
is  produced.  There  is,  however,  danger  of  exceeding 
this  limit,  in  which  case  the  oxides  in  excess  act  on 
the  sulphuret  of  copper,  and  reduce  a  portion  of  it ; 
the  metalliccopper  produced  under  these  circumstances 
is  always  of  inferior  quality.  Indeed,  the  priuciple 
of  the  operation  of  melting  for  white  metal  is  to 
avoid  as  much  as  possible  this  reduction  of  copper, 
and  to  attain  this  end  there  must  usually  be  left  from 
4  to  8  per  cent,  of  iron  in  the  matt,  and  from  3  to  5 
per  cent,  of  copper  in  the  slag. 

The  materials  employed  in  this  operation  are  rather 
numerous.  Tlie  calcined  coarse  metal  forms  one  half 
the  charge :  then  a  proportion  of  rich  foreign  ore  in 
the  crude  state :  slags  from  Op.  IX.  and  X.,  composed 
essentially  of  silica  and  oxide  of  copper:  furnace 
waste  from  all  the  operations :  different  copper  wastes 
from  the  workers  in  copper,  such  as  scales  produced 
during  the  lamination  of  copper:  lastly,  sUica,  &c. 
from  the  sole  and  walls  of  the  furnace  in  which  the 
operation  is  conducted. 

The  furnace  employed  in  this  operation,  No.  4, 
is  similar  to  that  used  in  Op.  II.  Fig.  617,  but  there 
is  no  depression  in  the  sole ;  its  whole  surface  slopes 
very  gradually,  jnst  sufficient  to  allow  the  escape  of 
all  the  fused  substances  towards  the  orifice  of  the 
discharge-pipe,  situated  on  one  of  the  long  sides,  as 
at  0,  Pig.  G17. 

The  men  entrusted  with  the  charge  of  the  furnace 
belong  to  a  superior  class :  they  are  expected  to  watch 
the  process  narrowly,  and  to  vary  the  succeeding  charge 
according  to  the  indications  of  the  preceding  one; 
there  is  no  means  of  exercising  a  complete  control 
over  them,  on  account  of  the  variable  nature  of  the 
charge,  and  especially  nf  the  rich  foreign  ores.  The 
fire  is  managed  as  in  Op.  11.  only  more  coal  is  burnt. 
The  charge  remains  six  houi's  in  the  furnace,  and  is 
raised  to  the  most  dazzling  white  heat.  The  charge 
weighs  ordinarily  about  1.6  ton ;  but  tliis  varies ;  the 
object  being  to  associate,  in  proportions  as  constant 
as  possible,  the  copper  and  the  sulphur,  which  al'ter 


the  mutual  reaction  of  the  sulphurets  and  oxides 
ought  to  form  cssentiaUy  the  matt,  and  the  silica  and 
the  oxide  of  iron,  which  ought  to  form  the  scoria. 

The  calcined  ore,  the  rich  foreign  ores,  copper 
scales,  &c.,  are  introduced  tlu:ough  the  hopper  and 
then  spread  over  the  sole ;  the  remaining  portion  of 
the  charge  is  introduced  through  the  door,  and  dis- 
tributed by  means  of  a  tool  made  like  a  baker's  peel. 
The  doors  are  then  carefully  luted;  the  substances 
calcine  rapidly  at  the  surface  without  entering  into 
fusion :  in  an  hour's  time  there  is  a  softening,  which 
is  made  evident  by  the  escaping  gases :  in  3  hours, 
a  portion  of  the  charge  is  fioatuig  in  another  portion 
which  has  become  fused :  the  surface  is  not  disturbed 
by  the  escape  of  gas.  At  the  4th  hour  the  masses 
are  detached  from  the  sides  and  broken  up  by  rabbling. 
At  tliis  time  the  scoria  is  veiy  fluid,  and  on  urging 
the  heat  all  the  matters  appear  in  complete  fusion 
and  the  surface  is  tranquil.  Thus,  the  first  three 
hours  of  the  operation  the  fusion  of  the  charge  is 
going  on,  and  during  the  last  thi-ee  hours  the  refining 
of  the  matt ;  but  during  both  periods  a  portion  of 
the  more  infusible  matters  are  fusing  and  refining. 
About  10  minutes  before  the  expiration  of  the  6 
hours,  the  man  pierces  the  hardened  sand  at  the  side 
of  the  furnace;  the  liquid  matt  flows  out  and  is 
granidated  by  being  received  into  water,  or  cast  into 
pigs  by  being  received  into  sand  moulds :  the  scoria 
then  flows  out  in  a  very  fluid  state  and  is  also 
moulded.  This  scoria  contains  a  considerable  portion 
of  copper :  it  is  sorted  into  two  lots  of  unequal  value  ; 
the  richest  portion  is  that  which  was  in  contact  with 
the  matt,  where  oxide  of  copper  prevails ;  the  poorer 
part  consists  of  the  upper  layers,  where  sulphur  pre- 
vails :  the  former  are  treated  in  a  special  operation. 
No.  YI ;  the  latter  are  \iseful  in  Op.  II.  in  which 
they  act  as  a  flux,  and  give  up  all  their  copper  to  the 

The  following  tables  will  show  the  results  of  this 
operation : — 


il,  Op.  III.... 


0.559 


The  white  metal  is  conveyed  to  the  furnace  for 
Op.  IX :  the  scoria  is  removed  to  the  depots  y,y,  Kg. 
G20,  where  it  is  broken  up.  Each  furnace  elaborates 
22  charges  per  week. 

The  white  metal  in  its  purest  form  has  a  very  clear 
greyish  white  colour;  it  has  a  granulated  texture, 
and  is  ftill  of  nnmerous  small  cavities :  its  sp.  gr.  is 


5.70.  Another  form  of  this  metal  lias  a  bluish  or 
black  grey  coloiir,  with  violet  and  reddish  reilexions  : 
its  sp.  gr.  is  5.33.  The  usual  product  is  something 
intermediate  between  these  two  varieties,  and  consists, 
in  1,000  parts,  of  cojiper  0.732,  iron  0.0G3,  and  sul- 
phur 0.205.  It  is,  in  fact,  nearly  identical  with  the 
sulphuret  of  copper  of  the  mineralogists. 

PiFTU  Operatios. — ^This  operation  is  in  many 
respects  analogous  to  No.  IV.,  its  object  as  well  as 
that  of  Op.  VII.  and  VIU.  being  the  production  of 
a  matt  of  a  richer  and  purer  quality  than  is  usually 
produced  by  Op.  IV. 

It  has  been  found  by  experience,  that  when  native 
and  foreign  ores  arc  subjected  to  the  same  treatment, 
a  copper  is  produced  either  of  medium  quaUty  or 
distinguislied  by  certain  good  or  bad  properties.  The 
ores  which  yield  a  superior  copper  are  generally 
worked  alone,  expressly  for  Op.  V. :  the  ores  of 
ordinary  value  pass  through  the  first  foiir  operations 
already  described;  and  the  ores  of  very  inferior 
quality  are  kept  quite  distinct,  and  are  worked  in 
furnaces  appropriated  to  the  purpose.  From  the 
combination  of  the  products  of  these  ores,  and  from 
the  blending  of  richer  and  poorer  ores  at  certain 
stages,  the  different  varieties  of  copper  known  in 
commerce  are  produced.  The  calcined  coarse  metal 
used  in  Op.  V.  is  sometunes  that  which  has  been 
produced  from  picked  ores ;  at  other  times  it  is 
identical  with  that  ordinarily  used  in  Op.  IV. ;  but  in 
all  cases  a  certain  proportion  of  calcined  ore  is  used 
as  produced  from  the  best  copper  pyrites.  No  crude 
ore  is  added  to  the  charge,  nor  is  any  flux  given 
except  that  which  arises  from  the  sole  and  walls  of 
the  furnace  in  which  the  operation  is  conducted. 
The  following  statement  will  show  the  nature  of  the 
charge  and  the  results  of  the  operation : — 


The  charge  in  Op.  V.  is  richer  in  metallic  sid- 
phurets,  and  contains  fewer  metallic  oxides,  than  in 
the  charge  for  Op.  IV.,  so  that  the  result  of  Op.  V. 
is  a  matt  more  charged  with  sulphur  and  iron  than 
the  ordinary  white  metal.  Blue  metal  is  distinguished 
by  a  fresh  fracture,  a  deep  grey  colour,  but  at  tem- 
peratures below  redness  it  assumes  beautiful  shades 
of  blue,  which  give  a  name  to  the  metal.  It  is 
more  compact  than  white  metal,  but  its  cavities  are 

The  reactions  are  similar  to  those  of  Op.  IV. 
The  first  action  of  the  heat  is  to  fuse  the  sulphurets, 
and  to  produce  a  partial  reaction  on  the  oxides.  The 
oxide  of  copper  reacts  by  its  oxygen  on  the  sulpliur. 


and  on  the  iron  of  tlie  sulphurets,  producing  sul- 
phurous acid,  which  is  disengaged,  and  ferrous  oxide 
which  combines  with  the  silica.  The  copper  thus 
set  free  unites  with  the  matt,  which  is  thus  doubly 
enriched  by  the  addition  of  copper  and  the  removal 
of  sulphuret  of  iron.  While  this  reaction  is  going 
on  in  substances  which  are  very  refractory,  a  silicate 
more  or  less  charged  with  oxide  of  copper,  bcgms  in 
its  turn  to  liquify  and  to  perform  its  useful  office  of 
refining  the  matt ;  the  oxide  of  copper  of  the  silirnl  e 
and  the  sulphuret  of  iron  of  the  matt,  mutual; y 
react  upon  each  other,  and  produce,  without  auy 
Jisengagement  of  gas,  sulphuret  of  copper,  which 
enriches  the  matt,  and  peroxide  of  iron  (Pcz  Oj)  which 
passes  mto  the  scoria. 

MetaUic  copper,  which  is  only  accidental  in  white 
metal,  is  characteristic  of  blue  metal.  It  is  dis- 
seminated through  the  compact  mass  in  exceedingly 
fine  particles,  which  are  visible  with  the  assistance 
of  a  lens,  and  there  are  also  occasionally  larger 
jiarticles  visible  to  the  unassisted  eye.  Sillvy  iri- 
descent filaments  are  also  sometimes  produced. 
If  the  charge  has  not  been  properly  selected  or 
well  managed,  there  forms  below  the  matt,  and  at 
its  expense,  a  certain  quantity  of  black  copper, 
called  from  its  position  bottoms :  this  will  bo  noticed 

Sixth  Oper.vtion. — The  copper  produced  by  the 
remeltmg  of  the  slags,  formed  m  Op.  IV.  VII.  and 
VIII.  is  of  excellent  quality,  and  is  known  in 
commerce  as  best-selected.  The  object  of  tliis  opera- 
tion is  to  make  this  copper  pass  into  the  matt,  which 
is  always  richer  than  the  blue  metal  of  Op.  V. ;  this 
object  is  effected  by  tlie  mutual  reaction  of  the  oxide 
of  copper  of  the  slags,  and  of  certain  very  pure 
sulphurets  of  copper  and  of  iron  existing  in  certain 
varieties  of  ore.  The  reaction  is  assisted  by  the 
adiHtion  of  small  coal  to  the  charge,  which  effects  the 
reduction  of  a  portion  of  the  oxide  of  copper,  and 
the  metallic  copper  thus  revived  traverses  the  scoria 
and  the  matt,  and  forms  into  two  distinct  layers,  the 
lower  one  consisthig  of  a  very  impure  black  copper 
or  bottoms,  the  upper  of  a  white  alloy  of  copper  and 
tin,  called  hard  metal. 

Tlie  charge  usually  consists  of  an  ore  (copper 
pyrites)  free  from  iiijurious  substances,  abounding  in 
quartz,  but  too  poor  for  Op.  V.,  after  being  calcined. 
The  exclusion  of  substances  containing  sidphur  is 
more  attended  to  than  m  Op.  IV.  and  V.,  and  hence 
the  sole  of  the  fm-nace  is  more  exposed  to  con-osiou, 
especially  at  the  edges  of  the  sole  near  the  walls. 
This  is  partially  remedied  by  heapmg  the  charge  around 
the  eireumferenee  of  the  sole,  which  is  thus  better  pro- 
tected, and  when  the  snlphui-ets  have  fused,  the  quartz 
of  the  ore  furnishes  to  the  scoria  the  silica,  which  would 
otherwise  be  taken  up  from  the  sole.  The  furnace  is 
similar  to  that  used  in  the  previous  operation,  but 
the  external  arrangements  are  different ;  there  is  no 
hopper,  but  the  charge  is  inserted  through  an  opening 
on  one  of  the  long  sides,  either  by  means  of  the  pec! 
or  by  hand.  This  opening  is  closed,  and  the  door 
luted  diu-ing  the  working. 


Tlie  loUowiug  fables  wiU  show  tlie  na 
operation  :— 

m-e  of  tlie 

Sweepings  of  Ihe  foundries,  Ops 

VIII  IX   X 
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The  -n-hite  metal  thus  produced  is  similar  to  that 
of  Op.  lY.,  the  red  metal  resembles  the  blue  of  Op.  ! 
V.  but  diilers  iu  the  absence  of  metallic  copper ;  it  j 
is  also  richer  iu  copper  and  more  compact.  The  i 
alloy  of  copper  and  tin  {hard  metal)  is  hard  and 
brittle,  and  of  a  tine  tin  white  colour.  It  contains 
miaute  portions  of  iron,  nickel,  cobalt,  arsenic,  and  j 
a  trace  of  sulphur.  It  is  sold  to  the  manufacturers 
of  copper  sheathing,  its  chief  use  being  for  the 
bronze  naUs  used  in  fixing  sheathing. 

In  Op.  YI.,  the  principle  is  first  to  reduce  the 
oxide  of  copper  combined  with  the  slags,  and  to  make 
it  pass  into  the  matt,  by  the  double  influence  of  a 
large  quantity  of  sulphuret  of  iron,  combined  with 
the  matt  as  in  Op.  IV.  and  V.,  and  of  a  trace  of 
sulphuret  of  iron  combined  with  the  silica  of  the 
slag  as  in  Op.  II.,  and  in  the  second  place,  to  refine 
the  matt  produced,  by  removing  from  it,  by  the 
influence  of  the  metallic  copper  and  tin,  substances 
which  are  particularly  injurious  to  the  quality  of  the 
copper,  such  as  arsenic,  nickel,  and  cobalt.  The 
metals  disengaged  from  the  silica,  and  placed  beyond 
the  action  of  the  sulphurcts,  absorb  these  injurious 
substances,  which  would  otherwise  have  remained  in 
the  matt.  The  metals  thus  reduced  by  the  direct 
action  of  carbon  on  the  oxides  of  the  silicates  cannot 
combine  with  the  matt,  for  in  this,  the  iron  and  the 
copper  are  saturated  with  sulphur.  The  addition 
of  carbon,  therefore,  produces  a  quantity  of  copper 
and  of  tin  in  a  minutely  divided  state,  which  passes 
through  the  matt  and  collects  at  the  bottom.  This 
action  has  also  a  benefleial  influence  in  purifying  the 
matt ;  the  sulphurets  of  arsenic,  nickel,  and  cobalt, 
having  a  strong  tendency  to  yield  their  bases  to  the 
copper  and  tin,  and  their  sulphur  to  the  elements  of 
the  matt,  decompose  slowly  under  this  influence,  and 
fonn  alloys,  which  fall  to  the  bottom,  and  according 
to  the  period  of  the  operation  produce  either  sul- 
phuret of  copper,  which  remains  in  the  matt,  or 
sulphuret  of  iron,  wliich  combines  partly  with  the 
silicates  of  the  slag. 

Seventh  Opekation. — The  object  of  this  operation 
is  to  convert  the  blue  metal  into  white  metal,  and  to 


expel  more  completely  the  substances  which  interfere 
\rith  the  puiity  of  the  copper.  This  is  aecompUshcd 
by  two  successive  reactions, — 1,  A  slow  calcination 
at  a  moderate  heat,  in  which,  under  the  direct  influence 
of  the  air,  the  principal  part  of  those  substances 
which  injure  the  copper,  and  a  hirge  proportion  of 
the  copper  itself,  are  oxidised ;  2,  fusion,  at  a  high 
temperatui-e,  in  which  the  oxides  having  been  scorified 
by  means  of  silica,  that  portion  of  the  matt  which 
was  not  decomposed  during  the  first  period,  is  refined 
by  the  reaction  of  the  oxide  in  the  scoria  upon  the 
sulphuret  of  iron  in  the  matt.  Tliis  reaction  is 
similar  to  that  wliich  takes  place  in  the  second 
periods  of  Op.  IV.  and  V. ;  but  the  reaction  of  the 
oxygen  in  the  first  part  of  the  process  is  distinct 
from  any  that  has  yet  been  considered. 

Blue  metal  is  the  only  form  of  copper  used  in  this 
operation,  but  its  surface  is  impregnated  with  sand 
obtained  iu  casting,  which  is  of  use  in  the  process, 
as  is  also  the  furnace  waste  and  the  refractory  clay 
introduced  every  now  and  then  to  lessen  the  corrosive 
action  of  the  slag ;  this  sand,  brick-dust,  and  clay, 
reacting  on  the  oxides,  produce  the  scoria  necessary 
to  the  refining  of  the  matt.  2  tons  of  blue  metal 
make  a  charge,  and  the  operation  lasts  nearly  12 
hours.  In  the  first  part  of  the  operation,  the  sole 
must  be  cool,  so  that  |  hour  elapse  between  the 
drawing  of  one  charge,  and  the  putting  in  of  another. 
The  blue  metal  must  be  put  in  in  very  large  pieces,  and 
as  it  is  very  brittle,  each  piece  is  put  in  by  means  of 
a  peel  worked  by  4  persons  ;  the  operation  somewhat 
resembles  that  by  which  the  baker  fills  his  oven  with 
bread.  The  aiTaugement  of  the  blocks  in  the  furnace 
is  important ;  none  must  be  nearer  than  3  or  4  feet 
to  the  bridge,  and  spaces  must  be  left  between  them 
for  the  free  circulation  of  the  gaseous  currents. 

The  two  doors  by  which  the  charge  is  inserted 
being  closed  and  well  luted,  the  register  is  opened, 
and  the  temperature  raised  quickly  to  a  duU  red ; 
the  blocks,  under  the  action  of  the  heat  and  the 
oxygen  of  the  air,  then  fuse  slowly,  and  in  the  course  of 
8i  hours,  the  whole  of  the  charge  is  in  a  semifluid 
state.  The  heat  is  then  urged  for  the  second  part  of  the 
process,  and  in  about  2i  hours  it  is  complete,  and 
the  matt  and  the  scoria  are  cast  iu  a  trench  in  the 
sand.    The  following  is  the  statement  of  this  opera- 


EiGHTH  Opekation. — The  products  of  Op.  VI.  and 
VII.  are  further  purified  by  this  operation,  which 
consists  (1)  of  calcining  the  white  metal  at  a  Iot 


heal,  imder  the  influence  of  atmospheric  oxygen ;  (2) 
refiniug  the  metal  under  tlie  slag.  But  as  iron  and 
other  extraneous  metals  exist  only  m  small  quantity  in 
the  white  metal,  a  comparatively  large  prn|..Mtin,,  ..f 
oxide  of  copper  is  formed  during  (1),  sn  1 1  •  '  ' 
the  slag  is  rich  in  oxide  of  copper.  I  i  ■  i 
refining  due  to  the  mutual  action  of  tlir,  imiil  iin.l 
of  the  slag  is  soon  accomplished.  The  oxido  of 
copper  formed  in  (1)  being  in  excess,  reacts  on  the 
liquid  metal  under  the  higher  temperatm-e  of  (2), 
whence  results  sulphurous  acid,  whicli  is  disengaged, 
and  metallic  copper;  this  is  precipitated  to  the 
bottom  and  removes  from  the  matt  the  noxious 
metiJs  wliich  may  be  stiU  contamed  in  it.  The 
following  statement  will  show  the  residt  of  this 
operation  :— 


This  operation  furnishes  3  products :  1,  a  slag ;  2,  a 
matt  or  regulus  very  rich  in  copper;  3,  bottoms. 
The  slag  consists  ahnost  entirely  of  silica,  oxide  of 
iron,  and  copper.  It  also  contains  about  0.11  copper 
of  the  matt  mechanically  mixed.  The  regulus  is 
the  sulphuret  of  copper,  mechanically  mixed  with 
metaUic  copper.  It  is  of  a  fine  metallie  grey  colour ; 
it  is  porous,  with  large  cavities  coated  with  a  very 
thin  pellicle  of  copper,  the  lustre  of  which  varies 
from  till  white  to  intense  red  with  blue  shades.  The 
regidus  contains  copper  0.811,  iron  0.002,  sulphur 
0.185.  The  copper  bottoms  are  fonned  in  small  plates 
or  scales  of  a  clear  but  dull  red  colour,  and  impreg- 
nated at  the  sui-face  with  matt  and  sand. 

Ninth  Operation. — ^The  complex  scries  of  opera- 
tions thus  far  described  has  led  to  the  r.iri,,:i!lnii  ,,1" 
various  products  ;  siichas  the  whitemcliil '  i  i ';>  1\ 
the  blue  metal  Op.  V.,  the  matt  from  tli,  n 
of  the  slass  Op.  VI.,  the  white  metal  nf  <  >.,  \  I  !  . 
the  regidus  of  YIII.,  the  copper  bottoms  of  Op. 
VTII.  and  VI.  AU  these  products  now  converge 
into  Op.  IX.,  so  that  with  the  exception  of  the  tin 
alloy.  Op.  VI.,  no  saleable  product  has  yet  been 
produced.  The  object  is  now  to  expel  the  sulphur, 
which  up  to  this  period  has  performed  the  useful 
office  of  a  medium,  in  which  to  culhet,  cdinbiuc,  and 
concentrate  the  copper  as  it  Inii.iii-:  _!:Miii,!l,  u.r.t 
from  its  other  impurities.     'Hi'  i 

portion  of  arsenic,  iron,  tin,  im 
have  resisted  the  action  of  Op.  I  \     lu  \  1 11      Ti  >   ' 
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are  got  rid  of  in  the  slag.  There  are 
reactions  in  this  operation,  (1)  the  direct  actiim  of 
the  air  on  the  matt,  whUe  at  a  beat  near  its  fusing 
]y''i&,  (2)  the  reaction  of  the  oxide  of  copper,  formed 
■I'  irat  excess  on  the  sulphiu'cts  not  decomposed. 
!  MM)  products  of  the  operations  are  coarse  copper 
il  11"  I  iclined,  and  a  slag  rich  in  copper,  which  is 
sent  to  Op.  IV. 

In  this  operation  there  are  4  steps  :  (1,)  calcining, 
which  produces  sidphiu-ous  acid  and  oxides ;  (2,)  (3.) 
the  reaction  of  oxide  of  copper  on  the  sulphurets  which 
have  not  been  decomposed ;  (4,)  the  production  of 
metallic  copper,  which  collects  at  the  bottom  of  the 
sole,  wlule  the  oxides  in  excess  unite  with  the  silica 
into  a  slag  which  occupies  the  upper  part  of  the 
whole. 

The  charge  varies  from  2.75  to  3.75  tons ;  the  only 
reagents  employed  arc  afmosiiheric  oxygen,  furnace 
waste,  and  the  qu:iii/ I'l  rni.iiu  i  .  !i  ores,  added  to 
the  charge.     The  i         •    ,    .   .!   i   i  i his  operation  is 

24  hours.     Abuul    ,   i   i.i        ;  ir,l  iu  puttmg  in 

the  charge,  which  i-  m  lisgi  Ihik!,.;  the  temperature 
is  then  raised  to  the  proper  calcining  heat.  After 
this,  the  charge  is  fused,  and  the  sulphurets  and  oxides 
mingled  together,  react  on  each  other,  and 
•face  of  the  mass  is  agitated  by  the  escape  of 
gas.  It  is  now  important  to  keep  up  this  reaction  as 
long  as  possible,  in  order  to  promote  the  decomposition 
of  the  sulphui-ets  and  thus  get  rid  of  the  sulphur ;  this 
is  done  by  diminishing  the  temperature,  and  tins 
coohng  of  the  fimiace,  which  con  ili  lutes  the  second 
part  of  the  process,  is  effected  by  opening  the  furnace 
door ;  the  temperature  then  smks  from  a  lively  red 
to  an  obscure  heat,  suificicnt  for  the  mutual  reaction 
of  the  oxides  and  sulphurets,  but  not  sufficient  for  the 
union  of  the  oxides  and  silica  to  form  slag,  the  pro- 
duction of  which  is  not  de^il.ll)l'  ,  'i'li>  uK^iianical 
mixture  of  the  materials,  wl  1  n  1 ,  '  'iildlhe 
reaction  of  the  semi-fliud  in:i"  !  n  :!  curi- 
ous manner.     Theeffeetor  '<       li  " ,   is,  of 

course,  first  felt  on  the  sinl,.     ■  l   ;  ..    l        I   mass: 
tliis  becomes  more  and  nidi    p,  I      jinint  is 

attauied  when  the  sulphurdii         i  |    '.j;  IVom 

all  points,  cannot  traverse  llic  \LrLin^  mis;  it  is, 
therefore,  imprisoned  withui  it,  and,  accumulating, 
forms  large  swellings  and  risings,  wliieh  not  only  in- 
crease the  sm-faces,  but  bring  the  particles  into  contact 
n  ih  h  luore  effectually  than  would  be  done  by  a  con- 
"  I  il  labbKng.  The  whole  mass  thus  becomes  ex- 
1  I  I  1 V  porous,  and  being  a  veiy  bad  conductor  of  heat, 
1  m  ■  t  eniperature  is  presei-ved  by  the  crust,  and  the  reac- 
tions necessary  to  the  operation  do  notecase  for  a  single 
moment.  All  the  workman  has  to  do  is  to  add  a  little 
fuel  occasionally,  and  to  regulate  the  draught.  At  6 
P.M.,  or  12  hours  after  the  commencement  of  the 
operation,  the  temperature  being  considerably  dimin- 
ished, the  sulphurous  acid  ceases  to  be  discharged, 
sign  that  the  oxides  of  copper  ; 


II 
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point  that  it  liaii  at  the  end  of  the  first  part  of  the 
process.  Ail  the  doors  being  closed,  the  upper  crust 
or  scoria  now  liquefies  as  gradually  as  it  was  formed 
during  (2)  ;  and  the  two  reactions  which  were  charac- 
teristic of  (1,)  (2,)  are  reproduced  simultaneously  up 
to  a  certain  point. 

At  midnight,  or  IS  hours  after  the  commencement 
of  the  operation,  the  charge  contains  oidy  a  very  small 
proportion  of  sulphur  :  all  that  is  now  required  is  to 
se])arate  the  copper  from  the  oxides,  which  up  to  this 
time  were  mechanically  raised  vdib.  it,  and  this  is  done 
by  scorifying  the  oxides  by  means  of  silica.  The  heat 
is,  therefore,  got  up  to  the  highest,  in  order  to  combine 
the  oxides  and  the  sUioa  into  a  slag.  Under  this 
great  heat  the  copper  becomes  completely  fluid,  and 
collects  at  the  bottom  of  the  mass,  while  the  slag  rises 
to  the  surface.  At  5.45  a.m.  the  slag  is  skimmed 
off  and  the  copper  is  cast  into  pigs  in  the  sand. 
The  men  then  proceed  to  a  new  charge.  The 
results  of  this  operation  are  shown  in  the  following 
tables  — 


Rcgulus,  from  Op.  VIII 

Earthy  matters  ;-sand    

Cxygen  of  tlie  atmosphere... 

Slag,  for  Op.  IV 

Fumacewaste,  forOp.  IV.... 

Carbonic  acid  and  water  of  tl 
Sulphurous  acid  


The  coarse  copper,  the  chief  product  of  this  opera- 
tion, is  run  into  pigs,  each  about  3  feet  long  and  18 
inches  wide :  they  are  usually  impregnated  on  one 
face  with  the  sand  of  the  trough;  they  are  fidl  of 
cavities  of  various  sizes,  and  the  surface  appears  as  if 
blistered ;  hence  the  term  blistered  copper  appUcd  to 
it.  The  fresh  fractui-e  exhibits  a  deep  red  colour,  and 
the  inner  sui-faces  of  the  cavities  present  brown  or 
yellow  reflexions. 

The  scoria  differs  in  appearance  from  all  the  previous 
slags :  it  contains  more  silica ;  it  is  of  a  brownish  black 
colour,  without  metallic  lustre;  it  is  full  of  little 
cavities,  and  resists  the  hammer  as  much  as  certain 
basaltic  lavas,  which  it  in  some  respects  resembles.  It 
contains  a  quantity  of  copper  in  fine  grains,  and  here 
and  there  some  tolerably  large  fragments. 

Te>'th  0PEIL4.TI0X. — The  object  of  this  operation  is 
to  separate  all  the  remaining  impurities  from  the  cop- 
per, and  to  impart  to  it  that  soft  and  malleable  property 
which  allows  of  its  being  worked  by  the  hammer  and  the 
rollers.  AH  the  coarse  copper  produced  in  any  of  the 
previous  operations  now  comes  into  tliis  last  one,  and 
the  only  reagents  are  atmospheric  oxygen,  and  the 
waste  of  the  furnace  in  which  the  0])eration  is  con- 
ducted.    Towards  the  end  of  the  operation,  however. 


cnarcoal  and  green  wood  are  used.  Tlie  furnaces 
employed  are  of  large  size,  the  charge  weigldng  as 
much  as  7  tons,  and  entirely  filling  the  body  of  the 
furnace. 

As  soon  as  one  charge  is  disposed  of,  the  furnace  is 
examined,  and  the  parts  near  the  walls  and  the  soles 
which  require  it,  are  stopped  with  refractory  clay;  the 
sole  is  then  raked  over,  and  the  charge  put  in,  the 
pigs  being  placed  one  at  a  time  on  the  peel.  All  the 
doors  being  carefully  luted,  the  man  has  nothing  to 
do  for  IS  houi-s  but  to  attend  to  the  fire,  and  for  this 
purpose  one  man  has  the  charge  of  two  fires.  "Under 
the  influence  of  the  two  gases  which  form  tlie  flame, 
the  copper  fuses,  and  a  portion  becomes  oxidized  by 
the  ia-rushing  draught;  this  oxide  reacts  eitherdirectly, 
or  after  having  united  with  the  silica,  on  those  sub- 
stances in  the  copper  which  are  more  oxidisable  than 
the  copper  itself;  and  in  this  way  a  slag  is  gradually 
formed,  which  contains,  in  addition  to  oxide  of  copper, 
the  oxides  of  all  the  metals  wliich  were  still  left  in 
the  coarse  copper.  About  21f  hours  after  the  com- 
mencement of  the  operation  the  copper  is  as  free  from 
sulphur,  arsenic,  &c.,  as  the  nature  of  the  metal  ope- 
rated on  will  allow.  The  work  of  the  refiner  now 
properly  begins,  and  the  charges  are  regulated  so  that 
the  copper  may  be  ia  that  state  when  the  refiner  and 
the  other  people  concerned  in  the  operation  begin  their 
day's  work.  The  first  thing  that  is  now  done  is  to  skim 
off  the  slag  from  the  surface  of  the  metal.  The  copper 
is  now  in  that  state  which  is  called  dry;  it  is  brittle,  of 
a  deep  red  eoloui-,  inclining  to  purple,  of  an  open 
grain,  and  crystalline  structure.  In  this  state  it  has 
a  strong  action  on  iron;  the  tools  employed  in  re- 
moving the  shag,  &e.,  wear  away  more  rapidly  at  this 
time  than  when  the  copper  is  in  its  malleable  state. 
TTie  copper  is  made  tough  or  malleable  by  the  action 
of  carbon  and  combustible  matter  on  the  copper  during 
a  short  period  only,  for  it  has  been  found  by  experience 
that  the  property  of  malleability  is  produced  after  a 
certain  contact  with  the  carbon  and  the  metal,  and 
becomes  considerably  weakened  if  prolonged  only  for 
a  few  mi'  ites,  and  destroyed  if  the  action  is  continued. 
It  may,  however,  be  restored  by  leaving  the  copper 
exposed  to  the  oxidising  influence  of  the  air. 

When  the  bath  has  been  skimmed,  4  or  5  peels-fuU 
of  charcoal  are  thrown  upon  it ;  the  charcoal  spreads 
immediately  over  the  fluid  metal,  and  covers  it  almost 
completely.  Some  veiy  pure  "Welsh  anthracite  can 
generally  be  used  instead  of  the  charcoal,  which  is 
only  used  in  refining  some  of  the  very  best  sorts  of 
copper  When  the  bath  is  thus  covered  with  carbon, 
a  tolerably  stout  pole  of  green  wood  is  plunged  into 
the  midst  of  the  metallic  mass;  the  jiuees  of  the  wood 
are  immediately  disengaged  in  a  gaseous  and  vaporous 
form,  which  causes  the  fluid  metal  to  bubble  up,  and 
foam  with  great  violence,  an  operation  which  greatly 
accelerates  the  effect  which  the  charcoal  would  produce 
in  the  course  of  time. 

During  all  tliis  time  the  draught  is  considerably . 
dimuiished,  and  the  air  which  feeds  the  fire  passes  up 
and  escapes  by  an  opening  above,  without  entering 
the  furnace;  hence  the  metid,  not  being  cooled  bv 


the  air  rusliing  in,  retains  its  high  temperature,  and 
tlie  scoria,  which  had  attached  itself  to  the  sides  of 
the  vault,  falls  down  in  drops,  and  contributes  to 
increase  the  new  layer  of  scoria  which  is  forniiug  on 
the  surface  of  the  metal.  In  the  meantime  the  strong 
effervescence  is  kept  up  on  the  metal  from  15  to  25 
minutes,  until  the  reliner  has  detected  the  exact 
moment  when  the  metal  has  attained  its  maximum  of 
malleability.  Tliis  is  done  by  making  an  assay  in  the 
following  manner : — Having  exposed  a  small  portion 
of  the  siirface  of  the  metal  3  or  4  feet  beyond  the 
door,  the  man  introduces  an  ingot  mould  attached  to 
the  extremity  of  a  long  iron  rod,  and  quickly  catches 
up  a  small  portion  of  copper.  This  ingot  is  then 
cut  half  through  by  means  of  shears,  and  broken  in 
two  by  means  of  a  hammer.  The  surfaces  of  the  cut 
and  of  the  fracture  vary  with  dilferent  varieties  of 
copper,  and  enable  the  assay er  to  judge  of  the  malle- 
ability of  the  specimen  in  hand.  But  for  any  particular 
variety  of  copper  the  character  of  the  fracture  may 
vary  in  every  ingot  taken  out,  and  all  these  differences 
have  an  intelligent  meaning  to  the  practised  eye  of 
the  assayer.  If  the  action  of  the  charcoal  has  nut 
been  sufficiently  prolonged,  the  first  ingots  takcu  out 
will  exhibit  a  duU,  granular  fracture,  of  a  deep  brick  red 
colour,  with  scarcely  any  metaUic  lustre.  In  the 
succeediug  specimens  the  structure  passes  insensibly 
mto  the  fibrous,  the  fibres  being  exceedingly  minute 
and  of  a  silky  lustre;  the  colour  is  also  of  a  ])ale 
red,  the  characteristic  of  rose  copper.  Beyond 
this  type  the  texture  becomes  coarser,  the  fibres 
increase  in  size,  and  their  fracture  exhibits  strise ;  the 
lustre,  without  losing  its  metaUic  brilliancy,  ceases  to 
be  sUky;  the  colour  becomes  paler,  and  a  yellow  shade 
is  very  decided.  If  after  this  the  surface  of  the  bath 
be  left  to  the  action  of  the  oxygen  of  the  air,  the 
characters  of  the  metal  change  in  an  inverse  order. 
The  two  extremes  of  grainy  and  fibrous  represent 
coppers  wliioh  are  not  adapted  to  any  mechanical 
processes;  but  the  maximmn  of  malleability  corre- 
sponds to  the  most  silky  textui'e.  This  type  being 
attained,  the  bath  is  once  more  skimmed,  to  remove 
the  charcoal  and  a  thin  layer  of  slag ;  a  little  fresh 
cliareoal  is  then  thrown  over  the  surface,  a  quantity 
of  fuel  is  thrown  upon  the  fire  to  produce  a  quantity 
of  combustible  gas,  which  is  admitted  into  the  furnace ; 
and  then  the  casting  is  proceeded  with.  The  copper 
is  takeu  out  in  iron  ladles  coated  with  clay,  and  is 
poured  into  moidds  adapted  to  the  wants  of  the  manu- 
factui-er.  The  usual  size  of  the  cakes  for  common 
purposes  is  12  by  18  inches.  Although  a  number  of 
men  are  engaged  in  the  casting,  it  generally  lasts  li 
hour.  During  tins  time  the  copper  is  kept  in  as 
unitorm  a  state  as  possible,  and  it  is  repeatedly 
watched  by  taking  assays  out  of  the  ladles.  The 
charcoal  which  covers  the  surface  of  the  bath  acts  in 
a  manner  the  reverse  of  that  of  the  oxygen  of  the 
air,  and  under  these  opposing  iufluences  the  metal 
ought  to  remain  in  a  state  of  equilibrium  throughout 
the  casting.  The  assays  detect  any  deterioration 
either  towards  the  granular  or  the  fibrous  structure, 
and,  according  as  one  or  other  occurs,   charcoal  is 


added,    or   taken   away.      The   following   statcmcnl 
shows  the  residt  of  this  operation  : — 
Materials  Emploved. 

Oxygen  of  the  air 0  012 

Slag,  for  Op.  IV 0.055 

Copper  sweepings,  for  Op.  VI 0.002 

The  varieties  of  copper  which  are  sent  into  the 
market  are  produced  by  varying  the  ores,  the  pro- 
portions of  the  charge,  and  the  treatment.  Among 
these  varieties  the  following  six  may  be  mentioned, 
witli  the  prices  in  1848  :— 


s.  Op.  VI.  a 


The  first  two  qualities  are  almost  chemically  pure 
copper:  they  contain  the  merest  trace  of  those  sul)- 
stances  which  so  greatly  injure  the  valuable  properties 
of  copper.  The  other  qualities  contaiu  about  O.OOS  of 
arsenic,  nickel  and  tin,  bodies  which  cling  to  copper 
with   more  pertinacity  than  any  of  the   other  im- 

Summary  of  the  Production  of  Copper  in  the  United 
Kingdom  in  the  year  1859,  the  mean  average  Price  of  Fine 
Copper  being  £110  7s.  6rf.  per  ton 


'Foreign'°Ores 

Slag,    Ac.,  us 
being     chiefly 


COPPERAS-COPYING  MACHINES. 

)f  Copper  for  (he  year  en 


Description.  1      Countries. 

Qaanlit)-. 

R?aTa',:.l 

Copper  Ore  , 
a.idKegmusI 

Copper  unw 

sl|J 

rought  .and  part 

i;071 
21,65G 

£ 

rought    10 

:r.z 

Exports  of  Copper. 

Description. 

Countries. 

Quantity. 

''va'lu"' 

Copper  un- 
pii-s. 

Export,  rrom- 

Tons 
4,321 

I 

£ 

firit""  EVst  indies' : : 

^ 

6.349       0 

volvmq  on  the  sciew  s,  wliicli  aie  used  to  thaw 
diAvii  the  phttea  on  the  paj-e-,  &c  phced  beneath 
the  sciew  woiks  m  a  squaie  piece  of  steel,  which 
shdis  m  1  hole  of  similii  figuie  on  tlie  head  of 
the  pies<!  as  shown  by  the  dotted  hues,  and  m\  Ih" 


Dumber  of  persons  employed  a 


The  shipping  between  Cornwall  and  Wales 
about   20,0U0  tons,  and  about  1,200  seamen 


17,000  tc 


B  of  ore  yearly,  pro, 


COPPERAS,  01-  green  vitriol  in  its  pure  state,  is 
protosulphate  of  iron  FeO,  SO3.     See  Iron. 

COPYING  MACHINES,  machhies  for  multiplying 
copies  of  a  writing,  such  as  letters  and  circulars 
The  first  machine  of  this  kind  was  proposed  by 
Dr.  Eranklin,  who  directs  the  letter  to  be  written 
with  gummed  ink  and  sanded  over  with  emery 
powder.  It  is  then  to  bo  placed  on  a  smooth  plate 
of  pewter  and  passed  through  a  copper-plate  printer's 
rolling  press.  The  impression  of  the  emery  is  loft 
on  the  pewter,  and  prmting  ink  being  applied  to  the 
plate,  an  impression  may  be  taken,  which  is  a  copy  of 
the  letter.  It  would  seem,  however,  that  the  multi- 
plication by  means  of  the  lithographic  press  would 
be  as  cheap  and  far  more  satisfactory  in  its  results. 
In  1780  Mr.  James  Watt  of  Bkmingham  obtained 
a  patent  for  copying  recent  manuscripts.  A  sheet 
of  thin  uusised  paper  is  wetted  and  then  placed 
between  two  woollen  cloths  to  absorb  the  redundant 
moisture.  Being  laid  on  the  manuscript,  the  two  are 
passed  together  through  a  roUing  or  screw  press, 
when  the  thin  paper  is  found  to  have  received  a 
reverse  impression  of  the  letter,  legible  when  read 
throuL^h  Ihe  transparent  substance  of  the  paper. 
Mr.  Watt  proposed  to  wet  the  thin  paper  witli  a 
solution  containing  some  of  the  constituents  of  ink, 
in  order  to  make  the  writing  more  distinct.  A  better 
plan,  however,  is  to  write  the  document  intended  to 
be  copied  with  a  thick  ink  prepared  for  the  pm-pose. 


top  IS  a  small  cun  <  ^^  il  (  I  liv  the  k\a  /  TV 
picssure  is  fiist  given  by  means  of  the  soiew,  ana 

cam  being  afterwaids  biouglit  down  vastlv  in 

ses  the  foiee  thiough  a  small  sp  tee  Mi  Ralpli 
Wedgwood  obtained  two  patents  foi  copying  nn 
"lines  (he  fiist  m  1806.  m  which  he  pioposes  to 
iiplov,  1,  a  sheet  of  papei,  ovei  both  sides  of  which 
pi  intei  s  mk  is  spiead  this  is  allowed  to  dry  duung  six 
weeks  between  leaves  of  blotting  paper ;  2,  a  smooth 
pewter  or  copper  plate;  3,  on  the  metal  plate  is  laid  a 
leaf  of  letter  paper ;  over  it  the  blackened  paper,  and 

•  this  aleaf  of  thin  paper  previously  oiled  to  increase 
its  transparency ;  4,  on  the  paper  thus  disposed  the 

ing  is  performed  by  means  of  an  agate  style, 
ground  and  pohshed  to  a  smooth  round  point :  the 
effect  of  wliich  is  that  the  letter  paper  receives  an 
impression  from  the  blackened  paper,  and  this  ii 


pression  is  m 

letter wlnrli  i- 


add 


ittle  SI 


by  Mr.  Ritchie 
!1,  in  wliicli  i  is 
11,  H  handles  re- 


right  directioi 


t  (ISC 


,utes  the 
il.  Tlie  upper 
•h  is  inverted, 
im  by  looking 
duplicate  c 


disposition  of  two  leaves  of  paper  by  folding  c 
roUmg.  The  part  of  the  sheet  on  which  a  line  of 
the  original  is  written,  is  brought  close  to  the  part 
of  the  other  sheet  on  which  the  corresponding  line 
of  the  duplicate  is  written.  The  line  of  the  original 
and  of  the  duplicate  are  formed  at  the  same  time  by 
two  pens  fixed  in  the  socket  of  one  handle,  which  is 
held  hke  a  pen  in  the  usual  way.  In  Mr.  Hawkins's 
polygraph,  two  or  more  pens  are  carried  in  a  frame- 
work, and  so  connected  by  joints,  that  whatever 
motion  is  given  by  the  hand  to  one  pen  the  other 
pens  describe  similar  figures ;  so  that  wiiile  a  persou 
is  employed  in  writing  a  letter  with  one  of  these 
pens,  the  others  make  copies  on  separate  sheets  of 
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paper.  This  machine,  however,  is  somewhat  complex, 
and  is  attended  with  some  practical  difficulties. 

One  of  the  simplest  and  probably,  therefore,  the 
best  copying  machines  is  the  invention  of  Mr.  Brunei. 
The  bottom  of  the  press  b,  Fig.  022,  is  made  of  guu 


metal;  ^  is  a  pressing  board  of  wood  with  a  steel 
plate  spring  s,  resting  on  ledges  and  supporting  the 
pressmg  board  by  the  screw  k.  A  strong  steel  lever  / 
moving  on  the  plane  f,  presses  near  its  centre  on  the 
head  of  the  screw  k ;  and  /'  is  another  lever  moving 
on  the  joint  j,  to  which  the  power  of  the  hand  is 
applied.  The  letter  to  be  copied  is  damped  by  a 
metallic  cylinder  with  several  sheets  of  fine  linen 
rolled  round  it,  of  the  same  size  as  the  sheets  of 
paper  used.  It  is  then  put  into  a  transferring 
book,  and  a  blank  leaf  of  paper  is  turned  over 
upon  it:  a  sheet  of  the  damp  linen  is  then  laid 
upon  the  blank  leaf,  and  above  that  a  leaf  of  oiled 
paper :  the  book  being  shut  and  introduced  between 
the  bottom  of  the  press  and  the  pressing  board,  the 
hand  is  applied  to  the  lever  /',  which  presses  down 
the  lever  /  with  great  force  and  communicates  the 
pressure  to  the  book  by  means  of  the  knob  i  of  the 
pressing  board,  thereby  imprinting  on  the  oil-paper 
a  legible  copy  of  the  letter,  inverted  on  the  side 
next  to  it,  but  easily  read  on  the  other  side  of  the 
transparent  sheet. 

CORAL.  The  red  coral  of  commerce,  is  the  axis 
or  inorganic  framework  of  a  species  of  polype,  which 
is  found  in  the  Mediterranean  and  the  Red  Sea, 
growing  arborescent  at  the  bottom  of  the  water, 
attached  to  stones,  rodks,  fragments  of  lava,  &c. 
"  In  its  natural  state  it  is  covered  with  a  whitish 
rind,  united  to  the  axis  by  a  reticulated  membrane 
abounding  with  milky  follicles  :  on  the  surface  of  the 
fleshy  rind  are  thinly  scattered  tubercles  with  a 
cavity  or  cell,  m  which  a  milk-white  and  almost 
transparent  polype  is  lodged,  having  the  mouth 
surrounded  by  S  conical  tentacles.  This  fleshy  riiul 
becomes  friable  and  chalky  when  di'ied."  Red  coial 
seldom  exceeds  the  height  of  a  foot,  which  it  atiain 
in  shallow  water  in  8  or  10  years.  It  is  of  shnM  r 
growth  in  deeper  water.  Wlien  fuU  grown,  it  incrcasr^ 
slowly  in  circumference,  and  at  length  the  living  ruid 
dies,  and  the  axis  is  attacked  by  various  minute 
boring  animals,  which  pierce  it  in  all  directions  and 
destroy  it.  Coral  grows  at  various  depths,  from  0  or 
7  fathoms  to  GO  or  100.  Along  the  French  coast  it 
seems  to  prefer  the  surface  of  rocks  which  incline  to 
the  south,  and  in  the  Straits  of  Messina  it  prefers 
an  eastern  aspect.  The  growth  and  quality  of  the 
coral  seems  to  depend  greatly  on  the  influence  of 
light  aud  lieat,  and  the  most  beautiful  is  obtained  in 
shallow  water.     There  are  15  varieties  of  coral  dis- 
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tinguished  in  commerce,  according  to  their  degrees 
of  hardness  aud  brilliancy  of  colour,  by  such  names 
tiS. froth  of  blood,  flower  of  blood,  flrst,  second,  third 
blood,  &c.  The  coral  from  the  French  coast  and  the 
Italian  Seas  is  most  esteemed,  and  the  price  is  said  to 
vary  from  8  or  10  guineas  an  ounce,  to  less  than  Is. 
per  pound.  On  the  African  shores  of  the  Mediter- 
ranean, the  colour  is  less  brilliant,  and  although  the 
branches  are  thicker,  the  textui-e  is  less  compact. 
Coral  is  composed  of  cartilaginous  matter,  with  car- 
bonate and  phosphate  of  Ume. 

There  arc  coral  fisheries  in  many  parts  of  the 
Mediterranean.  The  ground  is  divided  into  separate 
portions,  one  of  which  is  di-aggcd  once  every  10 
years.  The  apparatus  for  dragging  it  is  very  rude :  it 
consists  of  a  large  cross  of  wood,  with  a  heavy 
weight  in  the  centre,  and  nets  properly  secured  to 
each  Kmb  ;  this  is  let  down  from  a  boat  by  means  of 
a  rope  ;  the  boat  is  then  rowed  over  the  coral  beds, 
and  the  stems  and  branches  are  broken  off  by  the 
machine,  and  become  entangled  in  the  nets.  No 
doubt  a  good  deal  of  coral  is  lost  by  tliis  clumsy 

Coral  is  not  so  much  esteemed  as  formerly.  In 
the  middle  ages  it  was  used  as  a  medicine,  and  the 
priests  of  ancient  religions  offered  it  to  the  gods. 

CORBEL,  a  projecting  piece  of  stone,  wood,  or 
iron,  for  support ini;  a  weight  of  materials.  The  pro- 
jecting of  one  stouo  beyond  another,  is  CiJlcd 
"  corbelling  out ;"  this  is  done  both  in  masonry  and 
brick. 

CORDAGE,  see  Rope. 

CORK,  the  soft  elastic  bark  or  cortex  (whence  the 
word  cork)  of  a  kind  of  oak,  {Quercus  saber)  inl whit- 
ing Spain  and  Portugal.  "Tlie  bark  of  all  trees 
consists  of  a  parenchymatous  or  soft  cellidar  sub- 
stance, and  of  a  harder  ligneous  tubular  tissue ; 
in  most  species,  the  latter  is  most  abundant ;  in  the 
cork,  the  former  constitutes  the  mass  of  the  bark, 
and  hence  its  elasticity  and  the  facility  with  which 
it  is  cut  in  all  directions.  When  however  it  is  first 
generated,  the  bark  of  the  cork-tree  is  far  less  elastic 
than  it  becomes  subsequently,  which  is  owing  to  its 
consisting,  in  the  first  instance,  of  a  large  proportion 
of  woody  matter.  When  the  latter  is  once  formed, 
which  takes  place  iu  the  first  year  of  its  gi-owth,  it 
upvir  inoivascs,  however  limg  the  bark  may  remain 
^a  i},,  livi,,  I  i!.'  :  i.iii  tlic  parenchymatous  substance 
;       >  1  iiig  as  the  bark  is  alive,  a 

;,ii.  '  -r  ■  ■'  '  •  r.Miiiccted  ^vith  the  annual 
111!  h-i-c  ill  n  :>  ■'  •  iif  wnod,  aud  the  necessity  of 
the  bark  giving  way  to  flic  pressure  from  within. 
If  the  growth  of  the  parenchyma  is  prolonged  and 
rapid,  a  corky  substance  is  the  necessary  consequence, 
as  in  certain  kinds  of  elms,  the  common  oak  itself, 
and  many  other  trees ;  but  it  does  not  occur  in  any 
European  tree  in  such  excess  as  in  the  cork.  As 
soon  as  the  bark  dies,  it  of  course  ocases  to  grow, 
and  then,  not  distending  as  ii  '  ]■■<  1  '\\^<<n  from 
within,  it  falls  off  in  flakes   -  Mm  the 

layers  that  are  formed  annu  i         I  '  arc  the 

layers  of  cork, ■which  the  Siiam mU  ( i^'h  ri  huiIlt  the 


iiamo  of  the  outer  bark,  while  the  hmer  living  bark 
is  or  rather  should  be  spared."'  The  cork-tree  is 
most  abundant  in  Catalonia  and  Valencia,  whence 
the  priucipal  exports  have  been  made.  The  cork  is 
removed  from  the  trees  in  July  and  August,  for 
which  purpose  the  bark  is  cleft  longitudinally  at 
certain  intervals  down  to  the  crown  of  the  root  with 
an  axe,  the  handle  of  which  terminates  in  a  wedge : 
a  horizontal  incision  is  then  made  round  the  tree  from 
each  extremity  of  the  longitudinal  cuts.  The  bark  is 
then  beaten  to  detach  it  from  the  liber,  and  the  wedge- 
shaped  handle  being  introduced,  it  is  raised  up  ind 
thus  removed.  The  tree  is  about  15  years  old  when 
this  operation  is  first  performed;  the  first  crop  is 
not  of  much  value,  and  the  second,  which  is  removed 
about  ]  0  years  after,  is  not  very  valuable.  After  tin 
the  operation  is  repeated  every  8  or  10  yearo  ind 
the  produce  improves  both  as  to  quantity  and  quahty 
at  each  operation.  A  tree  thus  barked  will  it  is 
said,  live  150  years.  After  the  pieces  are  detached 
they  are  soaked  in  water,  and  when  nearly  dry  i  t 
placed  over  a  fire  of  coals,  which  blackens  their  c  \ 
terual  surface,  makes  them  smooth,  and  conceals  tli 
smaller  blemishes  ;  the  larger  holes  and  cracks  aie  m 
some  cases  fiUed  up  with  soot  and  dirt.  The  picc 
are  next  loaded  with  weights  to  make  them  flit  in  1 
are  afterwards  dried  and  stacked,  or  jiacked  up  iii 
bales  for  cxjiortation.  Unmanufactured  coik  is  il 
mitted  into  Great  Britain  free  of  duty;  the  impiiit 
duty  on  corks  ready  made  is  6il.  per  lb  Coils 
squared  for  rounding,  pay  16s.  per  ewt.,  and  flbhti 
men's  corks,  2s.  per  cwt.  The  quantity  entered  foi 
liome  consumption  amouuts  on  an  average  to  fiom 
40,000  to  50,000  ewt.  Its  price  varies  with  its 
quality,  from  171.  to  60/.  per  ton. 

The  uses  of  cork  are  very  numerous,  and  too  well 
known  to  require  description.  Its  elasticity  renders 
it  very  valuable  for  stopping  vessels  of  various  kmdb 
in  order  to  prevent  the  liquor  from  running  out  or 
the  external  air  from  passing  in.  The  busmess  of 
the  cork-cutter  may  be  thus  briefly  noticed  — The 
cork,  after  being  pressed  into  square  pieces  is 
received  by  the  cork-cutters,  and  if  not  sufficiently 
flat  for  their  purpose,  they  lay  it  agaiu  over  a  fire  m 
their  "  burning  yard,"  turning  the  convex  pait  to  tlie 
flame ;  the  heat,  by  twisting  the  edges  of  the  birk 
counteracts  the  natural  bend  and  flattens  it  out 
During  this  operation,  attention  is  paid  to  smoothing 
it,  and  covering  its  defects.  It  is  nest  cut  into  slips  by 
isof  a  gauge.  Fig  623  set 
ir  wide,  according  to 
e  of  the  intended  coti 
hung,  or  tap,  as  the  varieties 
'■  ■  '"  ■  are  called,  the  last  being  used 

for  stopping  the  tap-holes  of  barrels.  These  slips 
are  again  cut  into  squares  of  the  required  length. 
Tills  operation  is  performed  by  one  man,  from  whom 
they  are  handed  furwavd  to  several  others.  The 
corks  riiv  Iniiln  r  ilm,!,  I   ,,,  p,,iding  to  their  lengths 


table  or  phnk,  on  which  i-  fasted  a  bnaid  Fig  (: 
about     3    inches 
thick,    4     broad, 
and  12  long,  im- 
mediately   on    a  ^'^  ^^■' 
Ime  viitli  his  left  hai.d,  is  a  piece  of  wood  rising 
about  4  inches  from  the  board,  and  fixed  about  the 
middle,  on  which  tlie  cork  is  laid  aitei  bcnig  cut    is 
above     This  wood  not  only  supports  the  cork,  and 


The   . 


eated  before  t 


serves  as  i guide  to  thcnoikman  but  by  its  elevation 
above  the  board  gives  loom  for  the  kmfe  to  cut  i 
part  of  the  cork  in  a  smooth  and  circular  manner 
without  strdking  on  the  table  below  The  piece  is 
then  turned  to  the  point  where  the  last  cut  ended 
and  this  is  continued  imtd  the  knife  has  gone  com 
pletely  round  the  top  and  bottom  are  then  paied 
level  and  the  cork  is  thiown  into  a  box  or 
basket  with  the  others  of  the  same  length  As  the 
bark  IS  not  of  the  same  quality  thioughout  each 
piece  the  corks  aie  sorted  mto  ^iq  eijtne  pie  common 

The  cork  cutters  knife  Fig  ffi  isa-sery  thmaiul 
sharp  blade  abou 
6  inches  long  an 
tapeimg  off  fior 
the  handle  to  the 
point  as  shown  in  the  figure  ihis  knik  ib  sli  upcncd 
upon  the  board  wheie  the  guard  is  phctd  by  one 
whet  01  stroke  on  each  side  after  e^ery  cut  and 
occasionally  with  a  common  whet  stone. 

The  chief  art  in  cork-cutting,  is  to  obtain  a  regular 
round  and  quick  turn  of  the  wrist  in  guiding  the 
knife,  so  as  to  complete  a  tolerably  accurate  circle, 
and  to  make  a  smooth  surface;  on  which  account 
the  knife  must  be  very  sharp  to  enable  the  men  1o 
turn  it  with  ease. 

The  parings  of  cork  are  used  for  burning  into 
Spanish  black. 


COTTON.  The  progress  of  the  cotton  manafac- 
twe  in  tliis  cDuutiy  is  one  of  the  maivclb  of  the  age  , 
and  the  vast  amount  of  the  capital  and  laboui  now 
employed  in  it  leads  us  naturally  to  rank  the  cotton 
plant  aiuoug  the  most  valuable  and  impoitant  \ege 
table  substances  with  which  the  eiith  is  bountifully 
fumisheJ.  To  appufi  *  i  i  i  d  'icr  its  impoit 
ance  to  this  count  i  i     to  bear  m 

mind  that  the  dec!  ii  i  U  m  cotton 

goods  amounted  lu  J  i  i  i  \  i  U  ot  fifty  two 
millions  of  pounds  sterlm;:,  nhilt  the  quantity  re 
tained  for  liome  consumption  was  supposed  to  exceed 
twenty  millions.  This  is  a  great  contrast  to  the  state  of 
things  ill  17G0,  when  the  total  value  of  all  the  cotton 
goods  manufactured  in  Great  Britain  was  only  about 
two  hmidi-ed  thousand  pounds.  At  that  peuod,  and 
for  thirty  years  afterwards,  North  America  did  not 
supply  us  with  a  single  bale  of  cotton ;  and  theie 
seemed  very  little  prospect  of  our  being  in  a  condition 
to  produce  cotton  goods  that  might  compete  with  the 
fabrics  of  China  and  niudiistau,  which  had  Ion.,-  been 

shoidd  iTii    , .        ,   .      :  .  ,    I        .  ■,      I  !  1 

rctnni  it  l..  i    ,:  ,     •     ,  ,  .    ,•,,  •.•:,■,.  , 

ously  than  t!,r  ,■.'[•■',,,.,],  .1  n.r  ,,;•   i,r    ,.■  ,  vi .  i  i 

rally  have  been  looked  upon  by  us  and  by  the  ILuiduos 
as  an  impossibility.  Yet,  thanks  to  British  skdl  and 
industry,  and  to  the  practical  spirit  of  inquiiy,  which 
resulted  in  the  invention  of  the  steam-engine  and  ot 
the  spimiing  jenny,  we  are  now  in  a  condition  not 
only  to  do  this,  but  to  import  cotton  largely  from 
other  quarters,  and  to  sui-pass  the  whole  world  m  the 
extent,  beauty,  and  variety  of  our  manufactuies  in 
that  material.  Of  this  all  the  nations  of  the  eaitli 
are  witnesses,  for  there  is  scarcely  any  part  of  the 
globe  to  which  our  commerce  has  not  penetiatcd, 
and  to  wluch  our  printed  cotton  goods  have  not  been 
conveyed.  In  the  factories  of  Manchester,  pro\  ision 
is  made  for  the  wants  of  the  inhabitants  of  various 
climates,  and  for  races  uncivdized  as  well  as  civilized. 
The  cotton  dress  of  the  African  chief,  or  of  the  Chinese 
citizen,  is  there  supplied,  iu  common  with  the  working 
dresses  of  our  mechanics  and  their  families,  or  the 
delicate  muslin  robes  of  royalty ;  and  all  this  variety 
and  extent  of  manufaetm-ing  skiU,  with  its  consequent 
vast  amount  of  good  to  our  labouring  classes,  is  em- 
ployed on  a  substance  not  indigenous  to  our  own 
country,  nor  confined  to  our  own  colonies,  but  ob- 
tained from  other  nations  with  whom  we  hold  friendly 
relations.  This  is  a  powerful  argument  in  favour  of 
free  and  um-estricted  intercourse  among  the  nations 
of  the  earth,  by  wliieh  an  interchange  of  productions 
enables  them  effectually  and  thus  extensively  to  help 
one  another,  to  then-  mutual  good. 

Before  the  civil  war  broke  out  in  America,  we 
received  about  two-thirds  of  our  supply  of  raw  cotton 
from  the  Southern  States,  where  the  cultivation  of  the 
plant  had  been  carried  on  to  such  an  extent  that  it  is 
reckoned  that  the  labourers  aud  helpers,  together 
with  owners,  overseers,  and  their  families,  dependent 
on  the  crop,  amounted  to  a  million  of  persons.  The 
cotton    produced    in    the   United   States   exceeded 
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the  production  of  the  whole  world  iu  1770  :  and  this 
IS  to  be  attiibuted  m  some  degree  to  the  good  qu  ihty 
of  Anieiican  cotton,  the  low  puce  of  land,  and  the 
improvements  lutioduced  into  the  vauous  piocLssLs, 
but  moie  than  all,  perhaps,  to  the  enoig>  and  skill  of 
the  Amoncan  plantei's,  ind  the  entci-pusui^'  ch  u  ictti 
of  the  nation  The  r  M  i  ] '  nt  C^  ,  „„« /i,,/jcic,„  u) 
v^hich  thus   flouii  1  I  md  in  otla  i 

waim  chmites,       I  i     i  mtnibci  of 

the   Older   Mah  i  our   common 

mallow,  uoi  is  the  1 1 1  it  imuh  uiilikL  the  mallow,  is 
oui   illustiatiou  wid   sho\\        The  same  herbaceous 


chiiactei,  the  same  structuie  of  the  blossom,  which 
in  some  varieties  is  puiphsh,  like  the  mallow,  is  in 
otheis  of  a  pale  yellow  coloui  But  theie  is  a  ^ciy 
diiferent  appearance  of  the  seed-vessel,  inasmuch  as 
from  the  surface  of  the  seed-coat  in  the  cotton- 
plant  there  springs  up  a  thick  growth  of  vegetable 
hairs,  or  filaments  of  considerable  length,  fdliiig  the 
seed-pod,  and  at  length  bur  !■:.-  ii,  i;i''  ^  \liiliifing 
a  ball  of  snowy -white  or  y!  I  '    ■-itiiig 

of  three  locks,  one  for  each  r<      •  i.  I  linnly 

adhering  to  the  seeds,  which  n  >  ,,ili|i  l;  ii-  ^  in  size 
and  shape. 

There  are  many  varieties  of  gossypium  yielding 
cotton  fit  for  the  manufacture,  and  these  have  been 
divided  into  herbaceous,  shrub,  and  tree  cotton ;  the 
herbaceous  being  the  most  valuable.  The  above  de- 
scription refers  to  it ;  and  the  crop  is  described  as  a 
very  beautiful  one  when  the  pods  are  progressively 
opening,  the  fine  dark  green  of  the  leaf  contrasting 
with  the  brUbant  white  of  the  cotton  suspended  from 
the  pods,  and  floating  to  and  fro  at  the  bidding  of  the 
wind.  This  crop  is  annual ;  but  shrub  cotton,  though 
amiual  in  some  eool  climates,  in  others  lasts  two  or 
three  years,  and  in  some  cases  from  six  to  ten.  The 
shi-nb  is  about  the  size  of  our  currant-bush,  and  in 
the  hottest  countries  it  becomes  perennial,  and  fur- 


niiilies  two  ciops  in  a  year  Tree  cotton  is  so  caRed 
because  it  often  itt  ims  a  height  of  fiorn  twehe  to 
t^venty  feet     15ut  it  must  be  c  lutully  cUbtmguishcd 


.:A^^ 


[lom  the  cottoii-treos  of  tlie  West  Indies  and  of  tlie 
American  forests.  These  are  prodigious  trees,  of 
quite  another  family,  {Bombax,)  -nith  buttresses  pro- 
jecting from  their  huge  trunlis,  and  more  remarkable 
for  their  noble  aspect  than  for  any  useful  pui-pose  to 
which  they  can  be  applied.  Many  of  them  bear  in- 
deed clusters  of  a  woolly  substance  enveloping  the 
seeds  and  resembling  trae  cotton ;  but  there  does  not 
eidst  the  same  adhesion  between  the  hairs,  and  the 
cotton  of  the  Bombax  cannot  therefore  bo  manufac- 

Tlie  tme  cotton-plants  are  cultivated  on  a  light 
sandy  sod,  and  in  situations  where  other  plants  rarely 
flourish,  namely,  in  the  vicinity  of  the  sea,  and  in 
what  is  generally  considered  very  bad  land.  The 
saline  breezes  evidently  favour  its  growth,  and  the 
American  sea-island  cotton,  which  is  cultivated  on 
the  low  sandy  islands  from  Charlestown  to  Savannah, 
has  long  been  celebrated  for  its  long  fibre,  and  its 
strong  and  silky  texture.  The  cultivators  of  Georgia 
and  the  neighbouring  states  grow  three  varieties  of 
herbaceous  cotton :  the  first,  from  its  yellow  colour 


called  nankin  cotton,  the  second  green-seed  cotton, 
the  tliird  sea-island  cotton.  The  first  two  prow  in 
the  midland  and  upland  districts  :  hence  a  fine  white 
variety  is  known  as  upland  cotton,  or,  from  a  method 
of  cleaning  it,  bowed  Georgia  cotton.  There  are  also 
other  teclinical  names  in  use  in  the  trade. 

The  cultivation  of  the  crop  is  carried  on  with  great 
care  and  attention  in  the  United  States.  The  seed 
is  sown  by  hand  in  March,  April,  and  May,  in  rows 
five  feet  apart,  each  row  having  its  seeds  planted  in 
lioles  eighteen  inches  asunder,  and  with  several  seeds 
in  each  hole.  The  land  is  kept  well  weeded,  and 
when  the  plants  come  up,  the  weakest  are  drawn  out, 
leaving  two  or  three  strong  plants  in  each  hole.  A 
few  months  later,  they  are  again  thinned,  and  topped 
to  the  extent  of  an  mch  or  two  This  checks  the 
upward  growth,  and  promotes  the  dtvelopo-ent  of 
side  branches  When  the  cotton  is  npe,  a  numbei 
of  women  and  young  people  go  into  the  field  with 
baskets  or  bags  suspended  from  therr  shoidders,  to 
pull  the  cotton  That  which  is  sufficiently  npe  can 
he  gathered  with  the  seeds,  -snthout  the  outer  husk, 
\(hich  IS  the  best  wav,  for  if  the  whole  pod  is 
£;-ithered,  the  husk  bieaks  into  small  pieces,  and  once 
mixed  with  the  cotton,  cannot  be  easily  separated 
fiom  it  This  ciop  IS  hable  to  damage  from  wet 
seasons,  which  cause  diseases  called  blast  B.ui  gangrene , 
and  also  fiom  insect  enemies,  the  chief  of  which  are 
the  cotton  bug,  and  the  chenille,  or  cotton  caterpillar. 

Wlien  a  good  store  of  cotton  has  been  gathered 
in  and  dried,  the  next  task  is  to  separate  the  seeds 
from  the  wool.  If  tliis  is  done  by  hand,  a  man  can 
scarcely  clean  more  than  a  pound  of  cotton  in  a  day. 
A  rude  hand-mili,  or  roller-gin  is  therefore  substituted 
in  some  parts  of  India  and  China,  by  which  from 
forty  to  r-Lxty-five  pounds  can  be  cleaned  in  a  day. 
After  this,  the  cotton  is  further  cleared  from  dirt  and 
knots  by  bowing.  A  large  bow  being  placed  in  a 
heap  of  cotton,  the  string  is  made  to  vibrate  power- 
fidly,  and  this  disperses  and  cleanses  the  heap. 
These  means  employed  from  remote  times  in  Asia, 
were  also  formerly  used  in  America ;  lieuce  the  term 
bowed  Georgia  cotton.  The  sea-island  cotton  is  still 
separated  from  its  seeds  by  rollers  constructed  on  a 
large  scale,  and  worked  by  horses,  steam,  or  water. 
These  rollers  are  of  wood,  and  revolve  rapidly  in 
contact  with  each  other;  as  they  do  so,  a  sort  of 
comb  with  iron  teeth  acts  on  the  cotton  as  it  passes 
between  them,  and  detaches  the  seeds,  which  fly  off 
like  sparks  in  all  directions.  Paiticlcs  of  seeds 
which  escape  and  pass  through  with  the  cotton,  are 
removed  by  hand.  This  is  called  moling.  The  cotton 
is  then  whisked  about  in  a  light  wheel,  and  when 
well  winnowed,  it  is  conveyed  to  the  packing  house, 
and  forced  into  bags  by  means  of  screws,  until  each 
bag  contains  from  300  lbs.  to  350  lbs.  Short-stapled 
cotton  cannot  be  properly  cleaned  by  this  process. 
The  seeds  are  so  firmly  attached  to  the  wool,  that  a 
more  powerful  machme  called  the  saw-gin,  invented 
by  EU  Whitney  of  Massachusetts,  is  put  in  re- 
quisition, and  will  clean  3  cwt.  in  a  day.  The  cotton 
is  put  into  a  long  and  narrow  hopper,  one  side  of 


which  is  formed  by  a  grating  of  strong  parallel  wires, 
|th  of  an  luch  apart.  Close  to  the  hopper  is  a  roller 
set  with  circular   saws,  an  inch  and  a  half   apart. 


with 


These,  as  they  revob 
hopper  to  a  certain  depth,  and 
the  locks  of  cotton,  dragging  tl 
which  are  not  wide  en!i:i::'!i  np 
to  pass  also.     The  r-n     ^ 

separation  is  cffrri-  j 


1  the  grating  of  the 
'.0  by  their  teeth  on 
I  through  the  wires, 

1  1  iillnw  the  seeds 
Ills  swept  from 

!,.     Thus  the 


sea-islauil 


I   the    history   of    iudas 
lorease  of  the  Americ 


to  the  iibre  of  the 
in  cotton,  except  the 
iroccss,  and  since  the 
1793,  there  is  nothing 
;try  to  compare  with  the 
1  trade  in  cotton,  unless  it 
he  our  own  progress  in  the  manufacture  of  the  same 
aiticlc.  In  1703,  the  total  exports  of  cotton  from 
tlie  United  States  to  -various  parts  of  the  world, 
amounted  to  i:;S,:52S  lbs.  only.  In  1800,  the  cotton 
seut  from  Great  Britain  to  the  United  States  alone 
amounted  to  1,11.5,890,603  lbs.  At  the  present  time 
(1862),  when  the  States,  no  longer  United,  are  un- 
happily engaged  in  civil  war,  and  the  southern  ports 
blockaded  by  the  Northerners,  our  supply  of  raw 
material  from  that  source  is  cut  off,  to  the  no  small 
inconvenience  of  our  vast  cotton-manufacturing  popu- 
lation, and  the  anxiety  of  the  nation.  Our  means  of 
supply  from  other  sources  will  be  stated  in  the 
ArPENBix,  but  we  may  here  state  that  British  India 
is  in  a  good  way  of  supplying  a  large  portion  of  our 
deficiency. 

While  wool  and  linen  are  abundantly  alluded  to  by 
ancicut  wi'ilcrs,  both  sacred  and  profane,  we  find  few 
among  the  latter,  and  not  one  among  the  former 
referring  to  cotton.  Its  growth  and  manufacture 
appear  to  have  been  quite  uidcuown  to  the  Egyptians, 
for  no  specimen  of  cotton  has  ever  been  found 
among  their  mummy-cloths,  or  painted  on  their 
tombs,  while  flax  is  accurately  represented  thereon. 
But  while  the  linen  manufacture  alone  occupied  the 
ancient  Egyiitians,  there  is  every  reason  to  believe 
that  at  the  same  early  period,  cotton  was  manu- 
factured in  India.  Herodotus,  445  years  before 
Christ,  said  that  the  Indians  were  accustomed  to 
make  their  clothes  of  a  sort  of  wool,  which  gi-ew  on 
plants,  and  was  finer  and  of  better  quality  than  that  of 
sheep.  Strabo  on  the  authority  of  JSfearchus,  likewise 
speaks  of  the  Indians  as  being  celebrated  for  flowered 
cottons  or  chintzes,  and  for  theh-  various  and 
beautiful  dyes.  The  calicoes,  muslins,  and  other 
cottons,  both  plain  and  ornamented,  were  among  the 
exports  from  India  in  the  time  of  Arrian,  who  lived 
in  the  first  or  second  century.  The  muslins  of 
Bengal  had  then  attained  their  celebrity,  and  were 
called  by  the  Greeks  Gangitik-i,  to  denote  that  they 
were  made  on  the  borders  of  the  Ganges.  The 
Indian  fabrics  gradually  came  into  use  in  Arabia 
and  the  neighbom-ing  countries,  and  were  diffused  by 
the  commercial  activity  of  the  followers  of  Mohammed. 
Mosul  in  Mesopotamia,  is  said  to  have  been  the 
origin  of  the  word  muslin,  while  Calicut  gave  its 


rON.  417 

name  to  calico,  and  Nanldii  to  the  cotton  fabric 
knoMTi  as  naid^een.  The  cotton-plant  gi-ows  plenti- 
fully on  the  borders  of  some  African  rivers,  and  a 
few  years  ago  was  introduced  into  Egypt,  where  the 
soil  and  climate  appear  to  be  admirably  fitted  for  its 
growih.  As  the  seed  planted  there  was  from  the 
Georgian  Sea-island  plants,  the  cotton  brought  to 
England  from  Egypt  is  kno^vn  as  Sea-island  Igyptian 
cotton. 

On  the  discovery  of  America,  the  cotton  manu- 
facture was  found  to  be  in  an  advanced  state  in  that 
country.  Cortez  sent  presents  to  Charles  V.  of 
cotton  mantles  of  various  colours,  waistcoats,  haud- 
kercluefs,  counterpanes,  tapestries,  and  carpets  of 
cotton.  The  rest  of  Eiu'ope  received  from  Spain 
the  cotton  manufacture.  The  plant  was  grown  at 
Valencia,  and  an  extensive  manufacture  of  sail-cloth 
and  fustian  was  set  up  at  Barcelona.  Cotton  yarn 
began  also  to  be  imported  into  Em-ope  from  Syria 
and  Asia  Minor.  The  early  history  of  our  own 
attempts  at  this  manufacture,  refers  to  a  heavy 
and  coarse  fabric  called  mudin,  but  of  too  rude  a 
kind  to  deserve  much  notice.  No  fine  goods  appear  to 
have  been  made  in  Em-ope  mitil  the  invention  of  the 
spinning  raaoliinery  of  Enghmd.  The  time  of  the 
actual  conuneucement  of  the  cotton  manufacture  in 
our  country  is  difficult  to  settle :  the  more  so,  that 
there  is  a  confusion  of  terms,  by  which  the  woollen 
and  linen  fabrics  of  Lancashire  were  called  cottons. 
Camden  speaking  of  Manchester  in  1590,  alludes  to 
"the  glory  of  its  woollen  cloths,  which  they  call 
Manchester  cottons."  The  earliest  actual  record  of 
the  cotton  manufaetm-e  is  b.v  Kuljrii-,  m  ir.il,  who 
saysof  the  people  of  Manclir  I  11'     '   i       ^/"«- 

icool  in  London,  that  come     i  i        •        in;-  :iud 

Smyi-na,  and  at  home  worke  tli      i,  i  j    ileet  it 

into  fustians,  vermillions,  dii.nlius,  and  other  stidl'es, 
and  then  return  it  to  London,  where  the  same  is  sold, 
and  not  seldom  sent  into  forrain  parts,  who  have 
means,  at  far  easier  termes,  to  provide  themselves  of 
the  said  first  materials." 

The  preparation  of  yarn  for  the  weaver  was  formerly 
a  domestic  employment,  common  to  all  ranks  of 
society  in  England,  as  the  term  "  spinster"  universally 
applied  to  umnarried  females  sufiiciently  shows.  The 
distaff  and  spindle  were  the  earliest  instrumeuts 
employed.  The  former  was  a  stick  or  reed  3  feet 
long,  with  a  fork  near  the  top,  on  which  the  carded 
cotton  was  wound.  This  distaff  was  held  under  the 
left  arm,  and  the  fibres  of  cotton  drawn  from  it,  and 
twisted  spirally  by  the  action  of  the  thumb  and  fore- 
finger of  the  right  hand.  The  spindle  was  a  reed 
scarcely  a  foot  long,  in  fact,  a  mere  winder  on  Mhieh 
to  wind  up  the  thread ;  at  the  top  was  a  slit  to  attach 
the  thread,  and  at  the  other  end  was  a  whorl  or 
wheel  to  steady  it.  The  thread  being  attached 
to  the  spindle  was  drawn  from  the  distaff  until 
a  sufficient  length  had  been  gained  for  the  attached 
spindle  to  touch  the  ground,  a  fresh  turn  beijig 
frequently  given  to  the  spindle  to  increase  the  twist 
of  the  thread.  As  soon  as  the  spindle  reached  the 
ground,  "  a  length"  was  said  to  be  spun,  and  the 


spiuster,  winding  it  up  on  the  spindle,  and  securing  j 
it  firmly  in  the  slit,  proceeded  to  spia  another  "length." 
The  Hindoos  make  their  spindles  from  the  shrub 
Euomjmus,  which  has  hence  obtained  the  popular 
name  of  the  spindle-tree.  These  simple  implements 
were  superseded  in  England  in  or  soon  after  the  reign 
of  Henry  VIII.  by  the  spinning  wheel,  wliich  had 
been  in  use  for  ages  in  Hindustan ;  and  in  improved 
forms,  and  according  to  the  places  whence  we  received 
it,  was  called  in  this  country  the  Jersey  wheel,  Saxon 
wheel,  &c.  This  was  a  large  wheel,  over  which  passed 
a  band  or  cord  in  connexion  with  the  spindle,  and 
giving  motion  to  it.  One  slow  revolution  of  the  large 
wheel  of  course  produced  rapid  and  numerous  revolu- 
tions of  the  spindle  on  its  axis.  The  cotton  was  first 
carded  or  brushed  with  coarse  wire  brushes,  called 
hand  cards,  \mtil  the  fibres  were  all  arranged  in  one 
direction,  and  soft  fleecy  rolls  had  been  produced, 
each  a  foot  long :  one  of  these  was  taken  and  attached 
to  the  spindle,  the  spinster  then  turned  the  wheel 
with  oue  hand,  and  di'ew  out  the  carding  with  the 
other.  Tlie  motion  thus  given  to  the  carding  twisted 
it  spirally,  and  increased  its  length.  It  was  then 
wound  upon  the  spindle,  and  another  carding  was 
attached  to  it,  twisted,  aud  drawn  out  like  the  other, 
so  as  to  form  a  continuous  thread,  or  rovtn//.  This 
was  called  coarse  spinning,  and  a  repetition  of  the 
))rocess  was  necessary  to  reduce  this  roving  to  a 
tolerably  fine  thread.  But  at  the  best  it  was  a  very 
unequal  thread,  its  evenness  depending  on  the  greater 
or  less  delicacy  of  touch  of  the  spmster.  It  was 
necessary  to  use  the  firmer  and  more  equal  thread  of 
flax  for  the  warp,  the  woof  only  being  of  cotton. 
The  spinning  wheel  gave  profitable  domestic  employ- 
ment to  women  aud  children,  but  its  use  was,  perhaps, 
the  origin  of  infant  labour,  and  caused  severe  tasks 
to  be  inflicted  on  the  young.  Afl  these  efi'orts  could 
not  meet  the  rising  demand  for  cotton  yam,  and  a 
weaver  had  sometimes  to  walk  three  or  four  miles  of 
a  morning,  and  call  on  five  or  six  spinsters  before  he 
could  collect  enough  weft  to  serve  him  for  the  remain- 
der of  the  day ;  and  when  hard  driven  for  a  supply, 
lie  would  quicken  the  exertions  of  the  spumers  by  the 
promise  of  a  new  ribbon,  or  a  gown.  This  great 
difficulty  felt  by  weavers  of  getting  a  due  supply  of 
yarn  for  then:  looms,  at  last  stunidated  the  invention 
of  one  of  then-  niunber,  an  industrious  but  illiterate 
man,  James  Hargreaves  by  name.  He  had  often 
tried  to  spin  with  two  or  three  spindles  at  once, 
holding  the  several  threads  between  the  fingers  of 
his  left  hand,  but  the  horizontal  position  of  the 
spmdles  frastrated  his  attempt.  It  is  said  that  one 
day  his  cluldrcn  upset  the  spuming  wheel  while  he 
was  at  work,  and  as  he  retained  the  thread  in  his 
hand  the  wheel  continued  to  revolve  horizontally  and 
the  spindle  vertically.  Tliis  excited  his  close  atten- 
tion, and  he  contmued  to  turn  the  wheel  as  it  lay  on 
the  floor,  and  to  watch  the  motion  of  the  spindle 
witli  an  interest  wliich  no  one  about  him  could  under- 
staud.  The  happy  thought  had  now  occurred  to  him 
that  if  a  number  of  spindles  were  placed  upright,  and 
aide  by  side,  many  threads  could  be  spun  at  once. 


He,  accordingly,  contrived  a  Irame,  where  eight 
spindles  were  placed  in  a  row,  and  eight  rovings 
attached  to  them,  the  other  ends  being  received  by  a 
fluted  wooden  clasp,  which  opened  and  shut  like  a 
parallel  ruler,  and  when  pressed  together  held  the 
threads  fast.  This  clasp  was  drawn  by  the  left  hand 
along  the  frame  to  a  considerable  distance  from  the 
spindles,  while  the  spitmer  with  his  right  hand  turned 
a  fly  wheel,  thus  keeping  all  the  spindles  in  rapid 
motion,  and  giving  the  cotton  the  requisite  twist. 
Eight  lengths  being  thus  spun  they  were  wound  on 
the  spindles,  and  the  clasp  being  returned  to  its  flrst 
position,  was  again  opened  by  a  simple  contrivance 
called  the  "  knocker  off,"  and  fresh  lengths  of  roving 
attached  and  spun  out  as  before.  The  number  of 
spmdles  afterwards  attaclied  to  this  frame  was  in- 
creased from  eight  to  eighty.  Thus  arose,  about  the 
year  17G1,  Wic  Spinning  Jcnn-j,  Fig.  6-20,  named,  as 


some  say,  from  its  domg  the  work  of  a  female,  but  as 
a  grandson  of  Hargreaves  has  informed  the  Editor, 
from  the  word  gin,  a  contraction  of  engirce,  the  new 
maclune  bemg  called  &ginny,  and  the  process  ginning. 
These  terms  are  said  to  have  begun  with  Hargreaves' 
wife,  who  commended  her  daughter  Mary's  spinning 
with  the  new  frame  by  saying, — "Thou  gins  away 
famously."  Coming  from  so  good  a  source,  we  may 
perhaps  conclude  that  this  is  the  true  origm  of  the 
word,  though  it  is  frequently  said  to  have  arisen  from 
the  Christian  name  of  the  inventor's  daughter,  and  it 
is  very  possible  he  may  have  had  a  Jane  among  his 
twelve  children.  Hargreaves  kept  his  discovery 
quiet  for  some  time,  but  the  quantity  of  cotton  spun 
by  his  family  excited  suspicion,  and  at  last  other 
spinners  broke  in,  and  destroyed  his  machine.  He 
then  removed  to  Nottingham,  and  erected  a  small 
spinning  mill  on  the  jenny  plan.  He  also  took  out  a 
patent,  and  on  its  infringement  he  brought  an  action, 
and  a  deputation  waited  on  him  with  an  offer  of 
3000/.  for  permission  to  use  his  machine.  In  an  evil 
hour  he  declined  this,  and  subsequently,  when  it  was 
found  that  he  had  sold  several  of  his  machines  before 
he  took  out  his  patent,  he  lost  all  claim  to  redress 
and  compensation,  and  was  very  little  benefited  by 
what  was  an  invention  of  great  national  importance. 
He  died  in  177S,  not  in  poverty  aud  distress,  as  it  is 
often  stated,  for  he  left  Ids  family  500/.,  but  still 
without  the  reward  which  his  merits  deserved.  The 
late  Sir  Robert  T'-cl  bestowed  on  his  youngest,  and  only 
surviving  daughter,  a  few  years  back,  the  sum  of 
250/.  from  the  Royal  Bounty  Fund, 


The  mvention  of  Hargrcaves,  important  as  it  was, 
did  not  keep  pace  with  the  great  and  increasing 
demand  for  yarn.  But  tlicrc  was  another  genius  at 
work,  soon  to  proilmc  i,„,ir  ],r,.Miiiil  machinery, 
whichwouki,  toacni.i  ,  ml o  the  shade 

all  previous  ijiventioii>,     h.  i:     i ml  Aj-kwright, 

of  Preston,  in  Lanca^lii  I  ,  i  ;■  i  jui  li,  apprenticed 
to  a  barber,  afterwards  a  barber  on  his  owu  account 
at  Boltou,  and  a  dyer  of  hair  for  the  wig-makers,  in 
which  latter  art  he  is  said  to  have  contrived  and 
employed  a  chemical  process  of  some  value.  Besides 
this  he  was  a  meehauieal  genius,  and  busied  himself, 
as  many  self-educated  mechanics  are  accustomed  to 
do,  in  the  pursuit  of  that  wiU-o'-the-wisp,  perpetual 
motion.  In  this  way  he  became  ar.|ii;i;i;i.  ,1  mil,  Kay, 
ac'loekmaker  atWarruigtou,  wli"         ,  i  i  .  i,  idi 

him  the  first  idea  of  a  scheme  l<H     .    .  i      nUns.  I 

As  early  as  173S,  Wyatt,  of  Wa  u,  ^,i„:  n/ aii.l  his 
partner  Paul,  a  foreigner,  had  takeu  out  a  patent  for 
such  a  machine,  being  the  invention  of  Wyatt ;  but 
this,  after  two  years'  trial,  was  given  up.  A  similar 
machine  is  said  to  have  been  made  by  one  Highs,  a 
friend  of  Kay,  the  cloekmaker ;  but  this  does  not  rest 
on  very  sm-e  evidence.  At  any  rate,  the  idea  must  have 
been  imperfect,  if  conveyed  in  tliis  way  at  all,  for 
Arkwright  wrought  with  long  patience  and  constancy, 
and  abandoned  every  other  employment  to  perfect 
and  complete  his  idea  of  a  spinning  machuie.  His 
great  poverty  made  it  difEcult  for  him  to  get  the 
requisite  assistance  ui  the  heavier  parts  of  the  work ; 
he,  therefore,  made  application  at  his  native  place, 
and  at  length,  money  being  kindly  supplied  by  Mr. 
BmaUey,  the  head-master  of  the  Grammar  School  at 
Preston,  Arkwright's  machine  was  brought  to  com- 
pletion, and  first  fitted  up  in  the  parlour  of  the  house 
belonging  to  the  school. 

Ai-k-nTight  now  removed  to  Nottingham,  where 
Hargreaves  had  previously  takeu  refuge,  and  there 
sought  a  partnership  which  might  enable  him  to 
bring  forward  and  patent  his  machine.  This  he 
found  in  Messrs.  Need  and  Strutt,  the  latter  of  whom 
was  the  improver  and  patentee  of  the  stocking-frame. 
A  patent  was  taken  out  in  1709,  and  the  partners 
erected  a  mill  near  Nottingham,  where  the  machinery 
was  worked  by  a  water-wheel,  and  came  in  conse- 
quence to  be  called  the  water-frame,  and  the  yarn,  the 
water-twist.  The  first  great  improvement  accom- 
plished by  the  new  machii:  ■,  v>  i  i  li-'  i'liKluction  of  a 
firm  hard  thread  fit  fi  a  .mu  warps  were 

henceforth  abandoned,      i  v    .     i  ,   i (ion  of  the 

Indian  fabric,   was   al n  na  ,    mi    iliis  was  soon 

checked  by  the  Excise,  who  actually  refused  to  let  it 
pass  at  the  usual  duty  of  three-pence  per  yard,  and 
insisted  upon  sixpence,  as  for  Indian  goods.  The 
partners  were  put  to  much  expense  before  they 
gained  permission  by  act  of  Parliament  to  manu- 
facture caUoo,  which  was  to  be  distinguished  from 
the  foreign  by  three  blue  stripes  woven  in  the  warp  of 
both  selvages,  and  by  the  word  "  British  Manu- 
iactory"  stamped  upon  it.  Arkwright's  active  mind 
svas  continually  engaged  in  improving  his  own 
machines,  and  also  those  used  in  the  preparatory  pro- 
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cesses  of  the  cotlon  manufactm-o.  He  was  the  first 
person  who  ever  erected  a  cotton-mill,  and  formed  a 
distinct  idea  of  all  the  processes  to  be  carried  on 
therein.  He  knew  all  the  changes  the  fibres  must 
undergo,  from  the  tangled  cotton-wool  to  the 
finished  thread,  and  when  an  imperfection  occurred 
in  his  yarn,  he  could  in  a  moment  state  which  of  the 
processes  had  in  that  case  been  defective.  Thus  the 
merit  of  perfecting  the  carding  maebine  belongs  to 
Aj-kwright,  for  he  combined  the  various  improvements 
on  the  old  hand-cards,  which  had  boon  made  by  other 
men,  with  clever  devices  of  his  o^vn.  In  1775,  he 
had  made  such  extensive  alterations  in  a  series  of 
machines,  including  carding,  drawing,  and  roving 
machines,  that  he  considered  himself  justified  in  claim- 
ing them  as  his  own  by  a  second  patent.  His  fame  was 
now  great,  and  in  1782  it  was  calculated  that  5,000 
persons  were  employed  in  his  factories,  while 
numbers  of  manufacturers  flocked  to  buy  his  patent 
machines.  The  origin  of  the  factory  system  is 
referred  to  this  period,  although  a  few  silk-mills  had 
existed  siia-r  1710  l^'ie  cottages  of  the  spinners 
could  I i-:  '       i  ar  new  forms  of  machinery, 

which  al>i!     \    '.     i.uilial  buildings  to  bear  their 

weiglit,  an. I  '.\:.\i  !  -,'  ':r,  s  ii,  work  them  to  advantage. 

Arkwriglit  was  iu>t  allowed  to  enjoy  his  second 
patent  very  long ;  it  was  disputed  by  the  Lancasliire 
spinners,  and  eventually  thrown  open  to  the  public. 
Arkwright  opposed  the  verdict,  and  there  were  several 
trials,  but  he  lost  his  cause,  and  this  was  undoubtedly  a 
national  advantage,  for  the  manufacture  soon  ac- 
quired an  extent  and  importance  which  could  not 
have  occurred  had  it  continued  to  be  a  monopoly. 
Arkwright  shared  with  others  in  the  great  prosperity 
which  followed.  He  was  looked  to  in  adjusting 
prices,  he  was  advanced  in  importance  by  being  ap- 
pointed High  Sheriff  of  Derbyshire,  and  was  at 
length  knighted,  on  tlie  occasion  of  his  presenting  an 
address  to  king  George  lU.  So  much  for  the 
barber's  apprentice,  who  made  his  own  fortune  by 
wonderful  ardour,  energy,  and  perseverance.  He 
was  accustomed  to  labour  from  five  in  the  morning 
till  nine  at  night,  and  to  make  up  for  the  defects  of 
his  education,  he  began  at  more  than  fifty  years  of 
age  to  steal  two  hours  from  sleep  each  day  that  he 
might  learn  English  grammar,  writing,  and  ortho- 
graphy. 

Hargi'caves  and  Arkwright  had  thus  produced  spin- 
ning-machines of  great  value,  and  by  then-  means 
had  opened  a  new  era  in  the  cotton  manufacture. 
But  the  yam  they  obtained  was  not  of  fine  quality, 
and  was  therefore  only  adapted  for  the  stronger  and 
coarser  descriptions  of  goods.  The  happy  thouglit 
now  occui-red  to  a  young  weaver,  Samuel  Crompton 
by  name,  to  combine  the  roller  spinning  of  Ark- 
wright with  the  jenny  spinning  of  Hargreaves,  and 
in  doing  so,  to  get  rid  of  some  objections  which 
applied  to  them  separately.  By  a  perfectly  original 
contrivance  he  effected  this  union,  and  the  new 
machine  was  called  the  mule,  or  the  mule-jenny.  In  this 
machine,  the  spindles  instead  of  being  stationary  as 
in  the  former  eases,    were    placed   on   a  movable 
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carriage,  or  "mule,"  which  was  wheeled  out  to  the 
distance  of  about  five  feet,  in  order  to  stretch  and  twist 
the  thread,  and  wheeled  in  again  to  wind  it  on  the 
spindles.  This  invention  was  perfected  in  1779. 
Crompton's  object  had  merely  been  to  supply  his 
own  loom  with  good  yam ;  but  when  he  found  he 
coidd  not  do  this  in  peace,  owing  to  the  curiosity  of 
many  persons,  who  even  climbed  up  to  his  win- 
dows to  watch  him  at  work,  he  laid  his  invention 
before  a  number  of  gentlemen  and  others,  who  paid  a 
guinea  each  to  examine  it.  He  thus  raised  about 
fifty  pounds,  with  which  he  constructed  another 
machine,  larger  and  more  perfect  than  the  first.  The 
mule  jenny  not  being  protected  by  patent,  soon  came 
into  most  extensive  use,  without  any  great  benefit  to 
the  inventor.  Yam  fine  enough  for  mushns  was 
spun  by  it,  hence  it  was  called  the  muslin-icheel.  It 
was  also  known  as  the  "  HaU-in-the-wood  wheel," 
from  an  old  iiiau=iou  in  u  jrlircil  auJ  bcautifid  spot 


near  Bolton,  where  Crompton  Kved.  This  mansion 
has  been  described  as  "one  of  the  most  perfect 
specimens  of  the  domestic  architecture  of  our  Saxon 
ancestors,  and  of  their  descendants  the  Franklins,  or 
old  country  gentlemen  of  England,  who  never  bowed 
their  head  to  the  Norman  yoke,  and  who  refused  to 
adopt  the  fasliions  imported  from  the  contuient." 
Beyond  is  the  hill,  on  which  stands  the  busy  town 
of  Bolton,  while  the  intervening  valley  is  studded 
■with  factories  and  bleach  works.  In  the  year  1812, 
some  gentlemen  of  Manchester  memorialized  the 
govenmient  on  the  subject  of  Crompton's  claims, 
and  the  result  was  a  grant  of  5,000/.  With  this 
sum  Crompton  established  his  sons  in  the  bleaching 
business,  but  from  some  unfortunate  eireumstances 
they  failed,  and  the  father  was  agaui  reduced  to 
poverty.  His  friend  and  biographer,  Mr.  Kennedy, 
then  exerted  himself  to  raise  a  subscription,  and 
witli  this  a  small  annidty  was  purchased,  but 
Crompton  did  not  live  to  enjoy  it  more  than  two 
years.  He  died  in  1S27.  His  machine  as  first 
invented  was  adapted  to  carry  20  or  30  spindles  only ; 
now  double  mules  are  made  can-ymg  1,100  or  2,200 


the  pair,  one  spinner  bemg  competent  to  manage 
them.  Self-acting  mules  are  also  now  constracted, 
the  only  manual  labour  being  to  join  the  broken 
threads  and  keep  the  machine  in  order. 

At  one  tune,  Crompton's  machine  seemed  likely  to 
supersede  all  others,  but  when  the  potccr-loom  came 
into  use,  twist  for  warps  was  requii-ed  to  possess  that 
strength  and  wiry  smoothness  which  the  water-frame 
produced;  that  machine  -was  therefore  remodelled, 
and  came  into  use  under  the  name  of  the  throstle,  on 
account  of  the  singmg  sound  produced  by  the  motion 
of  the  arms  of  the  spindle. 

The  causes  which  have  detemiined  the  principal 
locahty  of  the  cotton  trade  in  Manchester  and  its 
neighbourhood,  are  certain  natural  and  physical 
advantages  which  belong  especially  to  the  southern 
part  of  Lancashire,  namely,  the  possession  of  water- 
power,  fuel,  and  iron.  These  advantages  also 
belon'g,  in  a  less  degree,  to  the  sonth-westem  part  of 
Yorkshire,  to  Cheshire,  Derbyshire,  and  Nottingham- 
shii-e,  and  also  to  Renfrewshire  and  Lanarkshire  in 
Scotland,  and  consequently  these  districts  share  in 
the  cotton  trade. 

Wbere  water-power,  fuel,  and  h-on  are  abundant, 
machinery  may  be  manufactured  and  set  in  motion 
at  the  smallest  cost ;  and  the  processes  of  making 
and  finishing  cloth,  depending,  as  they  chiefly  do,  on 
the  agency  of  water  and  heat,  may  also  be  conducted 
with  advantage. 

"  The  tract  lying  between  the  Ribble  and  the 
Mersey,  is  sun-ounded  on  the  east  and  north  by  high 
ranges  of  hiUs,  and  has  also  lulls  of  some  magnitude 
in  llic  hundred  of  Blackburn  and  Salford;  owing  to 
'Ai.ii'i  v..  -■■  i!;'  district  is  intersected  by  a  gi-eat 
..       •      -MS,  which  descend  rapidly  from  then- 

;,;c ,    1  he  level  tract  in  the  west.     In  the 

tally  j.aii  ..f  ihiir  course,  these  streams  and  stream- 
lets fui'uish  water-power  adequate  to  turn  many 
himdred  mills ;  they  afford  the  clement  of  water, 
indispensable  for  scouring,  bleaching,  printing, 
dyeing,  and  other  processes  of  manufacture;  and 
when  collected  in  their  larger  channels,  or  employed 
to  feed  canals,  they  supply  a  superior  inland  navigation, 
so  important  for  the  transit  of  raw  materials  and 
merchandise." '  No  less  important  is  the  great 
abundance  of  coal  found  in  the  very  same  district. 
Beds  of  this  mvaluable  mineral  lie  beneath  ahnost 
the  whole  sm-faee  of  Blackburn  and  Salford  hundreds, 
and  run  into  West  Derby,  to  within  a  few  miles  of 
Liverpool,  and  being  near  the  sui-face,  they  yield 
their  treasures  easily.  The  southern  part  of  Lanca- 
shire contains  very  little  iron,  but  bemg  at  no  great 
distance  from  the  iron  districts  of  Staffordshire, 
Warwickshu-e,  Yorkshire,  Rimess,  and  Wales,  with 
aU  of  which  it  has  easy  communication,  it  is  as 
abundantly  and  almost  as  cheaply  supplied  as  if  the 
iron  was  got  within  its  own  boundaries.  Another 
great  advantage  of  Lancashire  is  its  well  situated 
port,  Liverpool,  "  through  the  medium  of  which  it 
receives  from  Ireland  a  large  proportion  of  the  food 


that  suppoits  Its  population,  and  wliose 
brings  from  distant  skoics  the  raw  materials  of  its 
raanufaotmcb,  and  again  distributes  them,  couveited 
into  useful  and  elegant  clotbng,  amongst  all  the 
nations  of  the  earth  "  Through  the  sami-  means,  a 
pleutilul  supply  of  timber  is  obtamcd  foi  building 
To  these  natural  ad\antageb  must  be  added  the 
acqiuicd  advantages  of  canal  and  ladioad  comuiu 
mcation  with  othei  paits  of  Britain 

The  Ameriean  cotton  gionei  ficquontlN   rrnM^na 
his  cotton  to  this  countiyfoi     1     nli         i  i   I 

but  about  thice  fourths  i  1  (I 
is  consigned  by  meicantilL   li  i 

sold  m  Lneipool  by  bioku         ,         I 
porteib,  and   (hey  chirgr    10?    jk  i    uul     I  i    lln  ii 
tiouble  in  \iluing  and  seUmg  it      Iht  puu  h  i  us 


mine  the  bulk. 

Sorting. — When  the  cotton  arr 
bags  are  unpacked  and  sorted.  The  s  < '  i  , 
judgment,  because  the  qualities  of  ih>  • 
somewhat  in  different  bags,  and  the  \.iiii 
from  it  must  be  of  uniform  qualit  >  1 1 1  o  i 
lizo  the  different  qualities,  ILl  i         i        i  1 

of  one  lot  are  mixed  togeth.  i  i  i 

on  the  floor,  and  the  cotton  ul  un,  Im.,  lo  .i-.uti 
all  over  this  space,  or  on  a  clean  mat  spiead  thcr 
so  as  to  cover  it  exactly ;  the  contents  of  the  second 
bag  are  in  like  manner  spread  over  the  fu'st;  tlio 
tliird  upou  the  second,  and  so  on,  until  all  the  bags 
arc  thus  formed  into  a  kind  of  cotton  stack,  called  a 
/ji//ff  or  diit/ke,:  While  this  is  in  jn-ocess  of  formation, 
it  is  trodden  down  by  men  and  boys,  just  as  hay  is 
m  stacking.  Now  it  will  be  obvious  that  if  a  sujiply 
of  cotton  for  the  pm-poses  of  the  mill  be  taken  from 
the  side  of  this  bmg,  tearing  it  down  w  ith  a  rake 
from  the  top  to  the  bottom,  a  portion  of  every  bag 
must  be  taken  in  every  quantity  thus  pulled  down, 
and  in  this  way  uniformity  in  quality  and  coloiu-  may 
be  ensured.  It  is  usual  in  forming  a  bing  with  dif- 
ferent quaUties  of  cotton  to  use  those  whicli  have  a 
similar  length  of  staple ;  and  for  makuig  the  lower 
descriptions  of  yam,  some  of  the  waste  cotton  of  the 
mill  is  also  used.  Por  yarns  ut  hiiihrr  uiiiabLis,  and 
for  warps,  a  fuier  quality  of  rut  I   i    i  ^1      I  i 

032  shows  another  method  III  1  i  I     ' 

skUl  may  be  shown  in  the  ■■"  I 

different  kinds  of  cotton,  in  oiUci  lu  i...j.nj,i,  a  ..l.,L 


aic  best  adaptui  I  i  iii.Mi  n  i  w.uiis  .ind  Lu  t. 
'lu  id  yarns,  tollnn',  winch  ditlcr  mucli  in  the 
111  of  their-  staple  and  form  of  their  fibres  do  not 
1    rove,  or  spin  well  together.     Coarse  wefts  aio 

I.   lumi  Suiats,  r.LiivK,  ami  the  ml.  u.u  Uplaiids, 

h         .        ,     I       ,  I       1        I  I  Imt  the 

pUs  of 

Ikin,  Maianham,  lYinambucu,  and  sta-island,  &c."  ' 
WiLLOWiNG. — The  cotton  in  the  bing  is  matted 
together  by  the  pressure  towhirh  it  ^^as  subjected  in 
I    living,  audit  is  also  C(  ml   i  ii  '    !        '      md,  iliit, 
1 1  (ilher  impurities.    Tli    i  '     ud  the 

1 1  ill  IS  cleaned  by  a  niai  l.i  -  Thia 

I   u-ibtsof  aboxor  case,  fnii'     i  <    i     il  mmden 

beam,  studded  over  with  imn  spik.  s,  and  passuig 
between  other  spikes  fixed  in  the  ease  or  cover  of  the 
machine.  The  beam  is  made  to  revolve  rapidly,  and 
the  cotton  as  it  is  torn  down  from  the  bmg,  being 
put  in  at  one  end  of  the  machine,  is  caught  by  the 
spikes,  and  to^^sed  and  shaken  about,  and  gradually 
driven  forwaixl  to  the  other  end.  The  sand  and  other 
heavy  impmitiea  faU  out  thiovgh  an  open  giating  at 
the  bottom  of  the  machine;  the  dust  and  lighter 
matters  pass  off  through  a  series  of  wii-e  openings 
into  a  shoot  in  which  a  draught  is  created  by  means 
of  a  revolving  fan,  Aihile  the  cleaned  cotton  passes 
down  a  shoot  mto  the  floor  below.  In  some  of  the 
early  forms  of  this  machine,  a  cylindrical  cage  was 
made  of  willows :  hence  the  oiigiu  of  the  name. 

Batting. — Cottons  of  fine  quaKty  are  not  passed 
through  the  willow :  they  are  beaten  or  balled  wiih 
twigs  of  hazel  or  holly,  3  or  1  feet  long,  upon  a  frame, 

(1)  "  The  Cotton  Manufacture  of  Great  Britain."    By  Andrew 


the  upper  smfico  of  wliich  is  ni 
foun  V  kmd  of  elastic  giitiiig 
111  eich  kind  (Fig  Gu     i  b    t    il 


n  with  1  lod 

Moltutly  ]>y 

n.plaely 


which  the  air  is  1 1  tfied  by  % 
wind  pioduced  by  the  batting ' 
cotton  fil  ma  iitbomwul  ^^hu  i 
anothei  I  ii  i 


.evolvnig  fm  The 
rm  drives  the  hght 
ic\   111.   I     uihid  by 


Leneath  tin     Im  i     i     ii     1  mi        Ii  n 

eudJesb  bud  mo\mg  on  kU.i     ^^hl  h  ucmt 

cotton    and  con\e\s  it  out  of  the  machme       Tlic 

jirsisuieof  the  dnun  upon  the  b  md  condenses  the 

I    1  II  •         ' 'iM  bheet    thit  is    the  iibies  cliii„ 

\  to  allow  the  cotton  to  be  w  omi  i 

I    lb  it  learcb  the  nnchmc  and  lu 

II       II     11    I       lUcda/a/;     Ihc  ad\  mti^eut  this 


e\MUo« 


V  yeais  ago 
mdl  at  Stockpoit  the  following  was  the  an 

The  cotton  as  it  was  shot  down  fiom  t 
was  lecened  upon  an  cndh  s  baud  called  a  act  per 
lu^eninusly  eo\cicd  -nith  hlhs  of  wood  moving  upon 
■     '  to  the-vaiious  blowing 


supih( 
pi,     ■ 


t  eqii 


.  dibtau 


long   loom       Each  machine  ■^^as   attended   by  two 
lads  one  of  whom  weighed  a  poitiou  of  the  cotton 
while  the  othei  spi cad  it  upon  an  endless  band  em 
])loyed  to  feed  the  machine    Ihib  band  w  is  also  formed 
of  laths  phcedciobswisc  an  1  fastened  togcthci  in  pie 
feicncc  to  cloth  which  i    ipt  (o  smk  along  the  middle 
md  (hu    ftcd  the  m  uhnu  iin  gulorly      Two  oi  tluee 
ot  the  lathb  wcie  paint  id  bhck   foi   the  puiposc  of 
dividing    the    suihce    of    Ihe   feeder   mto  two   oi 
thue  equal  parts   The  feeder  bemg  constantly  ui ged 
with  a  slow  motion  towaids  the  mouth  of  the  ma 
ehme  it  was  the  duty  of  the  attendant   as    tut 
black  lith  appeared  to  begui  to  spieadtli 
quantity  of  cotton   and  to  make  it  eo\  (      I 
smfaoe  uufil  auothci  black  lath    q  i  r  ii    1     ' 
then  icidy  to  spicad  anothei  W(  I  lii     I      ii         I 
while  one  pirt  of  the  feeder  i 
the  lus  iti  ible  appetite  of  the  ii 
ret  mil    f  i  a  fu  li  supply      A  I  1 1   i 

I  1     I  III      machine  it   i      1 1/   1  liy  two 

1    1  1\  exposed  to  the  blows  of  a 

/  which  is  turned  jound  with 

^1     I  h        I   11  a  kind  of  drum,  of  which  the 

iims  of  the  be  ltd  foim  the  cbametei  The  solid 
impurities  fall  thiough  a  giatmg  but  the  dust  and 
lighter  matters  are  sucked  up  tlirough  a  shoot,  iu 


The  mean  InwliulithLsi  an  mgemcnts  ai 
out  will  be  undeistood  by  refening  to  the  longitudin  il 
section  of  a  battmg  and  lappmg  machine  Tig  63  t 
The  feed  apion  is  about  8  feet  long  part  of  it  is 
shown  at  a  wheie  one  end  passes  over  a  i  oiler  a  and 
its  further  end  over  a  sim  hr  roller  beyond  the  limits 
of  the  figure  Tiie  wiUowed  cotton  is  spread  by 
hand  m  weighed  quantities  about  2  inches  thick 
npon  the  apion  cloth  a  and  is  earned  forwaid  by 
it  at  the  late  of  about  3  feet  per  minute  to  the 
feed  rollers  b  which  are  pressed  together  by  a 
w  eight  actmg  01 


loUeis  A  wooden  i 
the  apion  and  c  ii  1 
which  aic  small  t 


tton  close  to 
iced  lollers 


1 1   lit  of  a  eybndti   com 

1 1  11  t  the  edges  of  which 

1  I        iliL   beateis  and  theieby 

i,lil-y  fjicuofl    lit  1  wliidi  it  lb  w  afted  upon  (he 

is  apron  D      This  apion  is  formed  of  thin  spars 

3d  about  I  inch  bioad  and  ^  inch  apart  fixed 


COTTON.  453 

ftt  their  ends  to  t\vo  eudlcss  leather  straps,  which  turn  allows  the  diist  to  pass  through  it,  and  also  serves  to 
round  the  roUers  /  and  g,  which  are  driven  by  the  I  spread  upon  the  apron  the  loose  cotton  filaments  into 
outside  wheelwork,  seen  in  Pig.  634.  Near  the  end  ,  a  level  fleece,  which  passes  off  under  the  wooden 
of  the  apron  is  a  revolving  cage  cylinder  e,  enclosed  roller  h,  and  is  thence  di-awn  in  by  the  second  pair  of 
under  the  cover  hh,\a.  the  top  of  which  is  a  pipe  i  in  feed-rollers,  /,  in  order  to  be  exposed  to  a  second 
communication  with  a  revolving  fan.     This  cylinder  !  scutching  by  the  beater-bars  at  r,  the  axis  of  which 
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weiglit  is  about  as  much  affected  by  atmospheric 
changes  as  the  cotton  which  is  to  be  weighed,  an 
equality  is  thus  preserved  in  forming  the  laps. 

Of  late  years  a  very  convenient  balance,  Fig.  G36, 
of  American  invention,  has  been  used.  It  acts  on 
the  principle  of  the  steel-yard.  It  is  also  shown  in 
Pig.  037. 


s 


C.uiDiNG. — The  cotton,  as  left  by  the  preceding 
operations,  is  in  a  tangled  state,  and  not  entii-ely  free 
from  impurity ;  but  by  the  next  operation— that  of 
carding — the  fibres  are  separated,  made  somewhat 
parallel,  and  freed  from  the  remaining  impurities.  A 
cotton  card  is  a  sort  of  wire  brush,  made  of  bands  or 
liEets  of  leather,  or  of  alternate  layers  of  cotton,  hnen, 
and  India-rubber,  pierced  with  numerous  holes,  in 
which  are  fixed  bent  pieces  of  hard-drawn  iron  wire, 
called  dents  or  teeth.  Each  piece  of  wire  is  fii-st  bent 
at  right  angles,  as  at  a  and  b.  Pig.  63S ;  then  each 
limb  must  receive  a  second  bend,  as  at  c  and  d.  Fig. 
640,  at  a  determinate  obtuse  angle,  which  nmst  be 
invariable  for  the  same  set  of  cards.  The  teeth  thus 
formed  of  equal  size  and  shape  must  stand  at  equal 
distances,  and  be  equally  inclined  to  the  curved 
sni-face  of  the  drum  round  which  the  cards  are  to  be 
lapped.  The  leather  must  also  be  of  equal  thickness 
througliout. 

These  conditions,  wliich  are  necessary  to  good 
carding,  cannot  be  secured  m  hand-made  cards. 
Accordingly,  many  attempts  have  been  made  to 
constract  a  card-making  machine,  the  most  succcssfid 
of  which  is  that  by  Mr.  Dyer.  The  leather  is  first 
prepared  for  it  by  a  planing  machine,  which  cuts  it 
into  fillets  of  the  proper  length  and  breadth;  each 
fillet  is  then  wetted  and  stretched  so  as  to  produce 
an  even  surface;  it  is  then  passed  between  rollers 
against  a  nicely-adjusted  knife  edge,  which  shaves  it 
down  to  a  nnifoi-m  thickness.  The  fillet  is  then 
wound  upon  a  roller,  and  passed  between  two 
guide  rollers  to  a  receiving  roller  above  the  card- 
making  machine,  where  the  fillet  is  held  fast  and 
is  stretched  by  a  clamp.  The  wire  for  the  teeth 
is  contained  on  a  drum  at  the  side.  The  actic 
the  card-making  machine  is  as  follows : — Two  prickers 
advance,  and  make  two  holes  in  the  leather ;  a  pair 
of  sliding  pincers  next  seize  the  wire,  and  wind  ofl 
from  the  drum  a  length  exactly  snfiioient  for  the  teeth ; 


a  tongue  of  steel  holds  this  piece  of  wire  exactly  in 

the  middle,  while  a  knife  advances  and  cuts  it  ofi"  from 

that  pai-t  of  the  wire  held  in  the  pincers.     Steel 

fingers  next  advance,  bend  the  piece  of  wire  just  cut 

off,  and  carry  it  forward  to  the  holes  previously  made 

by  the  prickers.     The  points  of  the  wire  are  seized 

on  the  opposite  side  of  the  leather,  and  a  bar  rises  up 

and  bends  the  two  limbs,  so  as  to  form  a  knee  in 

each.     A  pusher  then  acts  from  the  opposite  side, 

and  drives  home  the  wire  into  the  leather,  which  is 

tin  n  bliitied  Iiy  the  guide  rollers,  and  another  -wire  is 

This  macliine  works  so  rapidly 

■!i  every  miimte,  and  to  complete 

I  card  in  a  day.   At  Messrs.  Curtis's 

,,,,,,..,  „:  _.:,...^„^ster,  the\rriter  saw 90  card-making 

luiichiuts  at  work  in  one  room.     Some  of  these 

maelunes  insert  the  dents  in  lines  across  the  fillet,  at 

light  angles  to  its  length;   others  insert  them  in 

oblique  Imes.    After  the  cards  are  completed  by  these 

machines  they  are  finished  and  made  true  by  grinding, 

and  when  in  use  tbey  are  ground  down  from  time  to 

tune  until  the  teeth  are  worn  out.    [See  Appekdix.] 

Fig.  039  will  explain  the  action  of  the  cards  in  dis- 

itangling  the  fibres  of  the  cotton  wool,  and  laying 


m 


'*■"•"'■  ^^^*         ■«  -Pit- 040. 

them  parallel.  If  the  two  cards  a  and  b  be  moved 
in  opposite  directions  with  a  tangled  tuft  of  cotton 
between  them,  the  fibres  will  be  seized  by  all  the 
teeth,  one  card  pulling  them  one  way,  and  the  other 
card  the  opposite  way,  untU,  by  repeated  applications 
of  the  cards,  the  fibres  are  disentangled  and  laid  in 
parallel  lines,  each  card  taking  up  and  retaining  a 
portion  of  the  cotton.     All  the  cotton  may  be  got 

upon  one  card  by  re-     s,rry^    -^  g 

versing  the  position  -  F  ;-:— ^ —        ,~T-r,.,t/yy 

the   two,    and   p!;n 

them  as  in  Fig.  Oil.:  , 

which,  by  drawing  tI        ■■  '■>.■  ■\\\w.->-.x\\\v-.\\\\\v\\\, 

upper  card  a  over  the  6 

lower  i,  the  teeth  of  the  -f '>■  *<'• 

latter  can  offer  no  resistance,  and  it  will  give  up  its 

cotton  to  the  upper  card. 

To  apply  these  principles  to  the  cardhig  engine 
given  in  section.  Fig.  613.  The  main  carding  cyhnder, 
A,  is  formed  of  pai-allei  segments  of  mahogany, 
screwed  upon  rings  of  cast-iron  fixed  to  the  central 
shaft.  Each  of  these  segments  has  naUcd  to  it  a 
length  of  card  leather,  or  card-cloth,  equal  to  the 
width  of  the  main  cylmder.  A  portion  of  the  upper 
part  of  this  cylinder  is  covered  with  parallel  segments 
of  mahogany,  b,  called  card-tops,  the  ends  of  which  rest 
upon  the  heads  of  adjusting  screws  projecting  from 
the  side  framing,  and  they  are  kept  in  their  places  on 
the  frame  by  pins  passing  through  their  ends.  Their 
concave  surfaces  are  covered  with  a  narrow  fillet  of 
card-leather.    The  small  rollers  d,e,I',g,  called  urchins 


or  aqutrreli    lie  covcicd  with  card  fillets  wo  ii 
spirally  louud  t  icli  fiom  one  end  to  the  other      1 1 
engine  is  fpd  by  niems  of  a  pair  of  fluted  uon  re  11 
//,  piesscd  tOnCthei  by  a  seiew,  c    A  is  a  feed  bu  i 


1   lillet 
1  I  I     I        ,  J         Ml      L  tuin', 

blo^ly  m  cuiitict  ^utli  th>.  diun,  and  m  iii  opposite 
du action  and  thus  b"oomes  covered  with  a  flue  fleece 
of  cotton  '  which  IS  icmoved  fiom  the  opposite  side 
of  the  cylinder  by  the  vibiiting  iction  of  the  dofliii ' 
knife  M  Pig  044     This  consists  ot  i  bl  ulc  of  steel 


lic/er  HI,  turns  \vith  much  less  velocity  than  the  dium 
caid,  and  draws  in  suigle  filaments  fiom  the  feed 
roller  These  iilaments  aie  immediately  stiipped 
fiom  it  by  the  laige  cylinder,  a  to  be  agam  teazed  out 
by  the  teeth  of  the  second  i  oiler  f  which  moves  stdl 
nif  ic  slo\\ly  than  D  thus  serving  to  \  ick  off  the  knots 
fiom  the  dium  These  knots  bcmg  c  iiucd  lound  1  > 
the  loUei  aie  a  ain  presented  to  the  c\lmdei  p  as 
it  icvolvcs  ncaily  m  contact  with  e  Hi  i  11  i  i 
next  tnntfeis  the  teazed  out  filament  t  i  ' 
blending  them  with  fiesh  ones  suppli  1 
loUeis  The  tufts  oi  knots  which  csp  | 
of  the  fiist  two  loUcis  D  andE  aie  alu  I  ui  i  1 
laid  bold  ot  by  the  fouith  loUei  g,  which  is  pheed 
closer  to  the  dium  and  moves  with  the  same  speed 
as  E  The  kii  t  nil  It  Iv  r  aic  tnzod  out  b>  r 
which  1  111 


proceed  and  locenc  a  srr  i  1  teazm.,  li  in  fl  i  11  r 
G  Any  knots  which  still  lemam  aie  aiicsted  by  the 
first  flat  top  cards  and  held  theie  tdl  they  aie  dis 
entangled  by  the  rotation  of  the  dium  These  flats 
are  oeca'iioiially  taken  out  and  cleaned  and  the  fiist 
flats  require  more  fiequeiit  cleaning  than  the  others 
After  the  fihaments  of  cotton  have  passed  by  the  flats, 


toothed  at  its  edge  hke  a  fme  comb  and  it  is  m  idc  to 

sdike  dovm  by  means  of  the  ciank  i  and  the  upright 

I  ds  pj    Aiith  a  lapl  motion  tangcnfially  o\ei  the 

1    lut      f  (hr  0  ul       lu  tl  is  \^  i\  a  fine  tianspaient 

1     ccisunrx    1     1 1  1  m  bu  dlli  to  the  length  of  the 

call    nil      1  ll      1    I  il    h  idth  is  nnmediatel}  con 

'1  II  w  iiband  by  being  passed 

thi       1  I       (  13    This  iibaiid  IS  called  a 

ear!  n  olidatcd  by  being  passed 

betwcLui'        1  nioUeis//;;    the  bfdom 

1  oilers  oi  /   md  i!  at,  lincly  fluted   oi  channelled  and 

the  top  ones  aie  eoveied  with  two  coats,  the  iiinei  of 

flannel  and  the outei  of  leathei     The  uppci  lollcis  aie 

picssed  upon  the  lowei   ones  by  weights    z,  hung 

111  "11  *lieir  axes  We  heie  fiist  obsen  c  the  effect  of  the 

b   uititul  mvcntion  of  passmg  the  cr  tt  on  bctwc  n  pan  s 

I  1  11  IS  moving  with  diffeient  de  ices  of  «pecd  The 

1  loUeis  /  moscs  fastei  than  the  pin  /    the 

I   rf  which  IS  to  draw  out  and  stiaijhtin  the 

nts     The  caid  end,  aftci  bcmg  spiead  by  the 

1     1  two  pairs  of  loUeis  into  a  flit  riband  is  passed 

thiough    a    \ertical    slit    m    a    plate    n,    situated 

between  the  second  and  thud  paus  of  lolleis  \iluch 

til  1     i(   lip  into  an  eUiptical   shvei  ,   it  is  next 

I  ll   two  smooth  lolleis    m,  which   are 

I  togethei    and  lastly  it  i>-  leccived 

m  the  shape  ot  a  spongy  slightly 

1  I      In  fine  spinning  the  cotton  ]  asses 

til   u^h   two  carding  engmes,    the  fiist,  which  lo 

coaise    IS  called  a  brealrer  card,  and  the  second,  m 

which  the  teeth  are  set  finer,  a  fimshitiff  caid     A 

number  of  cardmgs  from  the  breakei  card  aie  united 


(1)  t: 


oc  ty  of 


together  at  the  edges,  by  passing  them  betweeu  the 
steel  rollers  of  a  lap-machine;  the  new  lap  thus  formed 
is  wound  upon  a  cylinder,  from  which  the  fiuishuig 
card  is  fed.' 

The  inventor  of  the  carding-eugiue  is  not  known 
with  certainty.  It  appears,  however,  that  in  17-tS, 
Lewis  Paul  patented  two  different  machines  for 
carding,  in  one  of  which  the  cards  were  arranged  on 
a  flat  surface,  and  in  the  other  on  a  dram.  The 
cards  were  arranged  parallel  to  each  other  and  to 
the  axis  of  the  drum,  a  space  being  left  betweeu  every 
two  cards.  The  wool  was  put  on  by  hand,  and  the 
cardings  were  taken  off  separately  by  a  movable 
comb,  the  spaces  between  the  cards  regulating  the 
substance  of  each  carding.  By  this  method  the 
machines  had  to  be  stopped  every  time  the  cardings 
were  taken  off,  and  then  had  to  be  joined  end  to  end 
to  form  the  perpetual  carding.  The  machine  was 
not  generally  known  and  adopted  in  Lancashire  for 
more  than  twenty  years  after  the  date  of  the  patent . 
One  of  the  first  improvements  was  to  iix  to  tlir 
macliine  a  revolving  cloth  or  feeder,  on  which  a 
given  weight  of  cotton  wool  was  spread,  by  which  it 
w'as  conveyed  to  the  machine.  Arkwright  furthev 
improved  this  by  rolling  up  the  feeder  with  the 
cotton  spread  ujjon  it,  as  already  explained,  and 
allowing  this  gradually  to  unroll  to  feed  the  cylinder. 
Another  improvement  brought  off  the  carded  wool 
in  a  continuous  fleece,  forming  a  uniform  and  per- 
petual sliver.  The  doffer,  which  strips  the  wool  from 
the  large  cylinder,  tui-ned  off  a  carding  of  no  greater 
length  than  that  of  the  cylinder ;  but  it  was  found, 
that  by  entirely  covering  the  doffer  with  narrow 
cards,  wound  round  in  a  spiral  form,  without  having 
any  spaces,  the  wool  might  be  brought  off  in  one  un- 
broken fleece.  But  the  method  of  stripping  off  the 
wool  from  the  doffer  was  attended  with  many  diffi- 
culties, which  were  at  length  overcome  by  the 
invention  of  the  crank  and  comb,  the  merit  of  which 
has  been  ascribed  by  some  to  Arkwright,  by  others 
to  Hargreaves,  the  inventor  of  the  jeimy.  Those 
who  defend  tlie  claim  of  the  former  say  that  it  was 
communicated  to  Hargreaves  by  one  of  Arkwright's 
workmen,  who  chalked  out  a  sketch  of  it  upon  the 
table  of  a  public-house.  The  carding-engine  has 
scarcely  been  improved  smce  Arkwright's  time,  and 
the  work  performed  by  it  is  very  satisfactory.  At  one 
end  of  the  engine  we  see  the  cotton  in  its  tangled 
knotted  state,  the  fibres  lying  in  every  du-ectiou ;  at 
the  other  end  we  see  stripped  from  the  doffer  by  the 
crank  and  comb  the  beautiful  fihny  web,  in  which  all 
the  filaments  are  arranged  nearly  parallel,  or  are 
tending  to  arrange  themselves  iu  parallel  lines  in  the 


Drawing  and  Doublikg. — The  object  of  these 
operations  is  by  means  of  revolving  rollers  to  draw 
out  and  elongate  the  spongy  slivers  or  ribands,  pro- 
duced by  the  carding  engine,  to  straighten  the 
filaments,  and  to  lay  them  as  parallel  as  possible. 
The  drawing  frame  also  serves  to  equalize  the  different 
qualities  of  the  cotton,  by  uniting  many  slivers  into 
one,  whereby  their  mutual  defects  are  corrected,  and 
the  sliver  is  attenuated  preparatory  to  the  next 
process.  Li  the  carding  engine,  many  of  the  filaments 
are  doubled,  but  they  are  all  unfolded  in  the  drawing. 
The  drawing  frame  consists  usually  of  three  pairs  of 
rollers,  the  upper  one  of   each  pair  being  covered 


with  smooth  clastic  leather,  the  under  ones  fluted 
longitudinally ;  and  by  tlie  pressure  of  the  two,  the 
slenderest  iilaments  are  seized  and  pulled  out.  The 
under  rollers  are  driven  by  wheel- work  with  varying 
degrees  of  velocity,  and  they  carry  round  by  the 
friction  of  the  flutings  the  upper  ones,  which  are 
pressed  upon  them  by  a  considerable  weight.  In 
Fig.  G46,  B  i  <;  are  the  under  rollers;  ,, 

a'  V  d  the  upper  ones ;  the  former 
turn  in  brass  bushes  fixed  upon 
iron  bearings.  The  front  roller 
beam  is  fixed,  but  the  bearings  of 
the  two  other  rollers  admit  of  being 
shifted  in  grooves,  so  as  to  make 
these  rollers  approach  to  or  recede 
from  each  other  and  from  the  front 
roller  until  their  respective  distances 
are  adapted  to  the  length  or  staple  of  the  cotton  wooi 
which  is  being  operated  on;  the  bearings  are  then 
made  fast  by  screw-nuts,  acting  on  the  edges  ol 
the  slits  in  the  slide  bearers.  The  length  of  the 
top  rollers  is  equal  to  that  of  two  fluted  portions  of 
the  mider  roUers,  and  in  the  middle  of  each  top 
roller  a'  b'  c',  is  a  smooth  neck,  on  which  the 
brass  bushes  e  f  rest,  suspending  weights  by  means 
of  the  wires,  h  h'.  The  two  back  rollers,  which 
turn  most  slowly,  are  usually  pressed  down  bj 
one  common  weight,  and  the  front  roller  by  a  sepa- 
rate weight.      The   three   top   rollers   are   covered 


with  a  mahogany  bar  faced  below  with  flannel,  for  the 
purpose  of  wiping  off  any  stray  filaments  which  may 
adhere  to  the  top  rollers.  A  similar  bar,  I,  faced  with 
flannel  above,  is  made  to  bear,  by  a  light  weight  m, 
upwards  against  the  two  front  rollers,  b  and  c,  to 
wipe  off  stiay  filaments.  The  cord  or  wii-e  from  m  is 
seen  going  over  the  neck  of  the  i  oiler  r,  and  down 
again  for  the  piu]"  I  "  i  '  Mi  i  li  .jiuy 
;rbar/.    G,Ei     '  l  I       (.17, 

'  alull-^^hloh  the  blufi^  i,  „,  h.iiu  the 
lebpcctivc  cans  at  the  back  of  the 
Fig  b-17  iiiatlune,  aie  gidded  to  the  lollers. 

Fioin  3  to  6  slneis  aie  thus  biought  together,  and 
united  upou  one  fluted  portion  of  the  under  rollers,  or 
the  channels  may  be  made  to  converge  as  in  Pig  G 17, 
by  which  several  slivers  are  guided  in  upou  one 
fluting.     The  bh\cr,  thus  doubhd  siv-fold,  is  diawn 


out  in  passing  Ihrongh  the  rollers  into  a  uniform 
sliver  of  greatly  increased  length.  Two  such  sKvers 
are  usually  again  brought  t(i£;i'fliti  in  a  limnel  i, 
and  delivered  by  the  two  sinu  i'  h  in       i 

can  in  front  of  the  machine   (I  I        l 

one  of  the  slivers,  just  after  it  ^ 
over  the  smooth  roller  k',  ami  luah  A  i.ilii  iin,  ^.liuio 
entering  the  funnel  of  the  adjoinmg  diawmg.  The 
object  of  this  funnel  and  pair  of  smooth  rollers,  is 
to  collect  mto  a  compact  riband  the  cotton  filaments 
■n  hich  were  previously  spread  out  broad  and  thin  by 
the  drawing  rollers  a,  b,  c. 

The  action  of  the  diawing-frame  is  thus  further 
explained  by  Dr.  Urc : — "Were  the  surface  velocities 
of  the  three  roUois  a,b,c,  Fig.  648,  equal,  the  card 
ends,  n  n,  after  gliding  over  g,  v.  ould  pass  thi-ough  to 
the  funnel  i  unchanged.  But  the  velocity  of  b  and  c 
being  greater  than  that  of  «,  the  former  will  deliver 
a  greater  length  of  riband  than  they  receive  from  the 
first,  or  than  this  receives  from  the  cans.     Under 

portion  il   I    I  lift  1       1     I     I  I    I 


are  so  atlju.ted,  Ihat  tlif  (Ua\Mug  taki-s  plaee  rhiclly 
between  the  first  and  the  tlilrd  pair ;  In  fact,  the 
middle  pair  can  have  no  iufiurnce  in  the  di  awing 
power  beyond  the  difference  of  the  first  and  third. 
The  intervals  between  a,  b,  and  c,  or  between  their 
lines  of  contact  with  the  upper  rollers,  should  be  in 
fU  pases  cilculated,   so  that  they  may  exceed  the 
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average  length  of  the  cotton  filaments,  and  so  that 
these  filaments  may  not  be  placed  in  danger  of  being 
torn  by  the  thlid  pair  pulling,  while  the  second  pair 
has  a  firm  hold  of  their  other  ends.  Between  these 
two  paus  of  rollers,  however,  where  the  pilneipal 
cb-awing  occurs,  the  distance  shoidd  be  no  greater 
than  Is  absolutely  neeessiry  to  render  the  drawing 
out  of  the  fibi(  s  1  '  1  fi  .  It  other  practicable 
without   their     I  Ijustmeut    being 

lequlslte  to  till   n  '  !i  iwlug  operation. 

Were  that  lnt(i\   It  t     n    l^  ob\lous  that  a 

silver,  in  luimiug  Uiiiniuli  the  luUcis,  would  become 
attenuated  in  the  middle  point  between  them,  or 
might  possibly  bic.ik  asunder;  hcneethe  drawing  will 
be  the  inoie  regular,  the  more  nicely  the  interstitial 
space  between  the  lollers  is  adapted  to  the  length  of  the 
staple  of  the  cotton.  When  one  cud  of  a  filament, 
after  being  ushered  in  by  the  bick  rollers,  is  laid 
hold  of  by  the    ii      1  '"     I  ii>.  it  is  twitched 

suddeidy  foi-M  ml  K  manner,  so  as  to 

stietehitven  ^1    i  mcmg,  It  is  seized 

by  the  front  pm     i  I  i     l   n  ihly  pulled  at  one 

end,  while  It  Is  hdd  .it  the  oflii  i  liy  the  friction  of 
Its  fellow  filaments,  detained  by  the  slower  roUeis; 
the  distances  of  the  different  rollers  beuig  previously 
adjusted  exactly  (n  11;e  i\pi  lo,^  1,  h'  th  nf  tlie  staple. 
The  sliver  thus  il  i'         I  i         '   iii_^,  ac- 

quires aieguliii  I  I    iiul  in 

the  subsequent  |  n  tu  the 

cotton  splnnci       i         1 1      i  1    sliver 

attein]ited    to     1  mlable 

parallelism  of  it  it    Mould 

ue  liiiio  born  1  II   Ki  oimt 

I  hy  the  veiy  simple  method 
n  peated  dra^ving,  sercial  of 
iliL  Iv.iiiiiih  lit. n. II  -.n(  lb  together  Into  one  iiband; 
this  IS  the  prueebs  called  duuhlhifj.  It  is  an  accurate 
Imitation  of  what  happens  wlien*«e  take  a  little 
cottonwool  between  the  (in^i  is  ,tiii1  flmiiib  of  one 
hand,  and  draw  It  out  a\ii1i    0  I     '      >  tlicr,  at 

each  turn  laying  the  two  ]  mi      The 

doubling  seeui-es  the  gu.il    i  I  .     ismn  the 

unequal  parts  of  sllveis  I  i  .  i  ii  i  m  motlier, 
and  to  pioduee  finally  a  VLiy  uiiiluiia  iili.iud." 

The  following  details  will  give  some  Idea  of  the 
elaboration  of  the  card  ends  from  the  commencement. 
Suppose  10  card  ends  to  meet  and  unite  in  passing 
through  the  fiist  pair  of  rolleis,  thereby  they  are  all 
reduced  to  one  sliver ;  the  second  pair  reduces  every 
iurh  of  tills  compound  slhcr  lulu  .iliout  3  indiis, 
I  t  lie  third  pair  of  lolhi,  it  i  '     i  ' 

I  I  10;  so  that  the  result 
Inn  of  the  same  thick i 
I  nils,   but  of  10  times   II  .     i       i  >     t    I  i    u 

suppose  that  10  cans  filled  witii  the  compound  bliNu 
are  passed  on  to  a  second  drawlng-licad,  and  the 
10  drawwffs  are  again  doubled  and  drawn  out  Into 
one;  that  13  of  )l  r  i,  1,  >i,  1  -,  1  i',  ,'rn  out  at 
a  third  head ;    t '        I        i     '  '1  again 

and  drawn  out     '  I  I     lli.it  C> 

of  these  are  dnul      I       I     i      i        i     I      dl  ii  head. 


Now,  collecting  all  these  numbers  together,  it  will  be 
seen  that  before  a  thread  is  attempted  to  be  spun, 
the  fibres  are  placed  parallel  to  each  other  86,400 
tunes ;  for  10  x  10  X  l2  x  12  x  0  =  SO, 400.  The 
drawing  is  carried  on  to  tliis  extent  only  in  fine 
spinning.  T"or  coarse  numbers,  6  card-ends  are 
usually  passed  through  the  first  drawing-head,  and 
formed  into  one  riband ;  6  of  these  ribands  are  again 
formed  into  1 ;  6  of  these  make  a  thii-d  sliver,  and 
5  of  these  are  passed  through  the  last  dramug-hcad. 
Thus  the  doubling  of  the  fibres  of  the  cardings  has 
been  multiplied  6  x  6  x  0  x  5=1080  tunes. 

"We  have  been  thus  minute  in  noticing  drawing 
and  doubling,  as  the  quality  of  the  yam  depends 
greatly  on  tlio  success  of  the  process.  It  is  stated 
of  Ai-kwrigbt,  the  perfector  if  not  the  inventor  of 
the  process,  that  -when  any  defects  appeared  in  his 
yarns,  he  told  his  people  to  look  to  their  drawings, 
for  if  they  were  right,  everything  else  would  be  so 

The  drawing-frames  requii-e  constant  watcliing  to 
supply  the  place  of  the  cans  that  are  emptied  with 
full  ones,  and  also  to  mend  the  feeding  sliver  ends 
whenever  one  of  them  breaks.  This  duty  is  per- 
formedJjy  a  young  woman  named  the  drawing  ienler. 
The  machine  is  stopped  instantly  by  moving  a  lever, 
whicli  throws  the  strap  from  the  working  or  fast 
pulley  upon  the  loose  pidley.  The  receiving  can  is 
made  to  contain  an  inci'cased  quantity  of  sliver,  by 
means  of  a  cyhndrical  plunger  wliich  falls  at  intervals 
into  it.  The  sliver  is  also  made  to  coil  up  regularly 
iu  the  can  in  a  compact  form,  -without  being  at  all 
stretched. 

KovixG. — By  the  process  of  drawing,  the  cotton 
■wool  has  been  foi-med  into  a  loose  porous  cord,  the 
fibres  of  which  are  arranged  in  parallel  lines.  This 
cord  is  much  too  thick  to  be  spun  into  yam,  and  it  is 
too  tender  to  lie  reduced  in  size  by  drawing  merely : 
a  slight  twist  is  therefore  put  into  it,  and  this,  by 
condensing  the  fibres,  allows  the  drawiiis  ti-i  1  o  i  ■  - 
ceeded^vith.  This,  in  fact,  is  the  comm en:, 
spinning,  which,  in  a  cotton-mUl,  is  Utile  i  .  .  ' 
a  combination  of  drawing  and  twisting,  ;iiia  ii  ;- 
called  roving.  The  roving  machine,  -which  was  iutro- 
duced  by  Arkwright,  resembled  the  dra-wing-frame. 
It  consisted  of  two  pairs  of  dra-wing-roUers,  lis. 
649,  for  extending  the  slivers,  of  -which  two  were 
generally  doubled  and  united,  and  the  sliver,  after 
leaving  the  drawing-rollers,  was  received  into  a  can, 
which  was  made  to  turn  rapidly  round ;  and  this, 
by  giving  a  sliglit  twist  to  the  sliver,  formed  the 
roving,  and  distributed  it  in  a  coil  -within  the  can, 
from  which  it  was  removed  when  full  by  a  door  left 
open  as  in  the  Cgiu-e.  The  process  was  thus  far  suc- 
cessful ;  but  it  was  necessary  for  the  next  operation 
that  the  roving  should  be  wound  upon  bobbins,  and 
this  was  done  by  gkls,  by  the  aid  of  a  simple  machine, 
called  a  loinding -block ;  but  in  handling  the  delicate 
cord  it  was  scarcely  possible  to  avoid  injuring  it,  so 
that  the  quality  of  the  yam  suffered.  This  led  to  the 
introduction  of  the  Jack-frame  or  Jack-in-a-box;  in 
which  the  twist  was  given  by  the  revolution  of  the 


can  as  in  Tig.  650 ;  but  instead  of  being  coiled  up 
-n-ithiu  it,  the  roving  was  wound  upon  a  bobbin  b, 
lying  upon  a  caiTier  cylinder  c,  made  to  revolve  by 
wheel-work,  not  shown  in  the  figure,  at  sucli  a  rate 


that  its  surface  velocity  con-esponded  with  that  of 
the  front  drawing-roUer.  A  guide--wire  g  was  made 
to  move  backwards  and  forwards  in  front  of  the 
bobbin,  in  order  to  distribute  the  roving  equally  upon 
it.  The  Jack-frame  was  superseded  by  the  bobbin-and- 
fly-frame,  which,  after  a  large  number  of  improve- 
ments and  modification  by  various  inventors,  may 
now  be  considered  as  the  roving-machine  of  the 
cotton  manufacture.  We  wiU  first  endeavour  to 
explain  the  principle  of  this  very  complex  machine, 
and  then  to  give  the  details  of  the  mechanism 
by  which  it  is  earned  out.  The  chief  difficulty  in 
this  class  of  machines  arose  from  the  soft  tender 
nature  of  the  roving,  and  the  nicety  reqtm-ed  to  wind 
it  on  the  bobbin  at  exactly  the  same  rate  that  the 
front  pail-  of  rollers  sent  it  forth. 


Tlie  bobbm-and-fly-frame  has  to  perform  two  es- 
sential operations  :  first,  to  twist  or  spin  the  sliver 
into  a  roving,  and  secondly,  to  wind  the  roving  m  a 


regiJar  r.iul  equable  manner  upon  the  bobbin.  Fig. 
651  is  a  ])ictorial  view  of  a  portion  of  the  machine, 
■which  is  of  considerable  length.  The  bobbius  con- 
taining the  sliver  are  mounted  upon  a  shelf  called  a 
creel ;  from  these  bobbins  the  sliver  is  passed  through 
a  sot  of  dravring-rollcrs  mounted  on  a  beam  similar 
to  those  used  in  the  drawing-frame.  Before  the  sliver 
enters  bet-neeu  the  back  pair  of  drawing-roUeis,  it  is 
led  through  between  two  guides  fixed  upon  a  wooden 
bar,  which  has  a  vei-y  slow  lateral  transverse  motion, 
so  as  to  shift  the  sliver  alternately  to  the  right  and 
left  about  three-quarters  of  an  inch,  in  order  to 
prevent  the  leather  covering  of  the  top  lolleis  fioni 
being  indtuted  or  giooved  by  the  sbvcis  ]iissiii_ 
cmslantly  over  the  ■•1111,  li  m 
of  snifaee.  After 
iiont  pairof  roUcisfliL  iAi\L\  i^ 
received  by  the  spindles,  which 
are  arranged  in  two  lo-ns,  for 
economy  of  space,  each  spindle 
in  the  back  row  stancbng  oppo- 
site the  interval  between  two 
spindles  in  the  front  row.     One 

\2\)      1  II 


huiizoutal  slkdls  \\lu(.h  go  hum 
one  end  of  the  machine  to  the 
other;  yy,  Tig  051,  is  the  flyer 
or  fly,  one  arm  of  which  is  made 
hollow,  forthepurposeof  contain- 
ing the  roving,  the  other  being  a 
solid  rod,  the  only  use  of  which 
IS  to  coimterbalance  the  fount  1 
:iiid  pievcnt  its  fljino;  oil 
pelting  loose  upon  the  spimli 
DU  the  conical  summit  of  ^liiLh 
it  is  pressed  aiter  afidl  bobbin  has  been  removed  and 
an  empty  one  put  in  its  place.  The  bobbin.  Fig.  G55, 
is  a  simple  wooden  tube,  upon  which  the  loviiig  is 
wound,  so  as  to  i)roduce  conical  ends,  as  in  Fig  050,  by 
shortening,  after  a  certain  period  in  the  winding  on, 
the  extent  of  the  up-and-down  motion  of  the  bobbin, 
which  is  given  in  order  to  distribute  the  roving 
equally  and  compactly  over  the  bobbin.  This  object 
is  further  assisted  by  the  steel  finger  of  the  fly.  Pigs. 
053,  054,  over  which  the  roving  is  twisted,  and  which 
wiuds  it  on  the  bobbin  with  a  certain  pressuie. 
Now,  supposing  this  system  to  bo  in  motion,  the 
bobbins  on  the  creel  give  out  the  sliver  to  the 
rollers;  these,  after  extending  it  by  di-awiug,  pass 
it  down  to  the  spmdlcs,  which  by  their  lapid  ro- 
tation twist  or  spin  it  into  roving,  which  roving  is 
then  wound  upon  the  bobbius  which  surround  the 
spindles.  It  is  evident  that  as  the  loving  is  always 
winding  from  the  lower  end  of  the  flyer,  it  is  neces- 
sary that  the  bobbins  ascend  and  descend  as  they 
revolve,  so  that  the  roving  be  laid  e\  eidy  and  smoothly 
upon  them.  This  rising  and  faUing  motion  is  pro- 
duced  by  the  gradual   ascent   and  descent   of  the 


copping  boaid,  on  which  the  bobliiui 

every  coil  of  roving  falls  clos 
the  former  coil,  thus  dispo;" 
all  the  length  of  the  bobbins ;  and  w 


tioually  slo\.Li,  in  oidn  that  the  quantity  wumul 
up  in  a  given  time  or  in  any  given  number  of  ie\o- 
lutions  maybe  the  same;  for  uiih -s  thi- pu  nution 
he  attended  to,  the  roving  V HI  1 1  n  I  In  .1  111.  anie 
quality  thioughout:    it   w    '      1  i  irker 

when  the  bobbin  was  ni  nl  1  1 1  go 

on  diminishing  in  tluokncs,  ih  I  11  n  1 1  raiiie 
covered;  and  this  stretching  fence,  not  haMug  the 
equable  action  of  the  drawing-rollcis,  would  iujme 
the  ro\  ing  This  ehanse  in  the  velocity  of  the  bobbin 
is  produced  in  v  11  ions  m  iw  nne  of  which  is  by 
means  of  t\io  ci  1  n    '  I        '  1    7,  of  the  same 

dimciisions,  but   1 1  i  end  of  one 

opposite  the  suialh  1  .  1  I  .     1  1      One  of  thcs" 

barrels,  being  dm  en  with  a  unilmm  motion,  commu. 
nicatcs  motion  to  the  other  by  an  endless  band,  wlueh, 
by  being  shifted  towaids  cither  extremity,  vaiics  the 
motion  of  the  other  barrel.  The  belt  or  strap  remains 
equally  tight  in  every  pait,  fertile  one  barrel  increase, 
in  diameter  exactly  as  much  as  the  other  decreases. 
From  the  second  barrel  motion  is  conveyed  to  the 
wheels  which  work  the  copping-bar.  These  alternate 
cones  form  an  elegant  method  of  changing  the  velocity 


along  by  m 


of  motion  when  this  is  requii'cd  to  be  gradually  and 
uniformly  accelerated  or  retarded.  It  is  obvious  that 
if  the  axis  of  one  cone,  a,  Kg.  657,  have  a  uniform 
jujliou,  its  surface  must  move  with  varying  degrees  of 
velocity ;  and  if  motion  be  com- 
nicated  from  the  surface  of  A 
to  that  of  B  by  means  of  the 
belt,  such  motion  can  be  accele- 
rated or  retarded  at  pleasm-e 
by  causing  the  belt  to  be  moved 
a  guide,  or  the  motion  may  be 
kept  constant  it  the  guide  be  kept  stationiiy 

There   are   two    sets   of  bobbui  mJ  fl\  fi  luits   m 
common  use,  coUcdi I  I  \     /    / 

and  the  second  i  u 

principle,  but  the  I  I 

with  slivers  ftom   (II  l 

and  placed  at  the  bicL  ot  the  machnit  Ihe  sccuud 
roving-frame  is  fed  with  rovings,  or,  as  they  are 
sometimes  called,  slubbings,  fiombobbms  iilltd  at  the 
first  frame,  and  they  aie  auanged  on  upright  skc\^cis 
fixed  in  a  shelf  or  creel,  placed  behind  the  roller-beam. 
The  roving  from  these  bobbins  passes  through  wire- 
cycs,  to  prevent  it  from  beuig  torn  obliquely  from 
the  bobbins.  In  the  coarse  roving-frame  the  top  of 
the  machine  behind  the  rollers  is  covered  with  a 
smooth  plate,  upon  which  the  sliver  glides  from  the 
cans  towards  the  rollers.  A  rod  stretclirs  along  over 
the  machine,  having  at  its  exliviiniv  :i  vu'lr  i'lr  imll- 
strap  whicli  drives  tlu    f    ■  ■        '  .      /  ■  ■   '■ 


this  r. 


rcforc, 


to  the  left,  to  put  the  machiue  uilu  ui  lu  iL..j..  a  un;  ul 
gear,  as  the  tenter  requires  in  the  oouiso  of  the  work, 
at  whatever  part  of  the  frame  she  may  happen  to  be. 

These  arrangements  being  understood,  it  will  be  seen 
that  the  twisting  of  the  sliver  is  effected  by  the  revolu- 
tion of  the  spuidle  and  fly,  but  the  quantity  of  twist 
depends  on  the  ratio  between  the  surface-speed  of  the 
front  deliveriug-roller.  Fig.  651,  and  the  revolutions 
of  the  spindle.  The  wmding  on  of  the  twisted 
roving  upon  the  bobbin  is  effected  by  giving  to  the 
bobbm  such  a  velocity,  that  the  diiference  between 
the  motion  of  the  sui-face  of  the  bobbin  and  the 
motion  of  the  delivering  end  at  the  arm  of  the  ilyer 
shall  equal  the  surface-motion  of  the  roller,  or  the 
supply  of  the  sliver.  The  spindle  and  the  bobbin 
1,.  irj  diii.iJ,',  >i;;i'rr.,il  i-n\  fluents,  and  at  different 
11.      I   .  .  "'    '1.1  cither  by  making  the 

I    i   :      I     irr  than  the  spindle,  or 

t'l.      ii:  i;    ;  ,      I  '       liobbiu.     If,  for  example, 

the  biihlii ,1       I   1     .-;  while  the  spindle  only 

revolves  pi    i I n iljbin  will  have  nothing 

to  do^\ilil  I     -  .  I'lit  there  are  1-en  tui-i 

theboliliiii  :i'"vr  ih.  1   i.f  iIk'  lly  which  will  perform 
the  winding,     lleuce  the  10  turns  of  the  spindle  pro- 
duce twist,  while  the  50  turns  of  the  bobljin  prodii 
10  coils  of  the  ro\Tng  upon  its  barrel. 

In  the  coarse  bobbin-and-fiv-franie  it  is  usual  to 
make  the  spindle  revolve  quicker  than  the  bol 
and  in  the  fine  frame  to  make  it  go  slower.  Dr.  Ure 
places  this  matter  in  a  clear  Ught  by  the  following 
examples  : — "  Suppose  45  inches  of  roving  are  to  be 


wound  upon  a  bobbin  whose  barrel  is  4-^  inches  in 
circumference  :  10  turns  wiU  be  required.  Suppose 
these  45  inches  to  receive  30  turns  of  twist :  the 
spindle  and  fiy  must  give  these  30  turns  duiing  the 
winding  on  of  the  roving.  If  the  bobbin,  therefore, 
be  1|  inch  in  diameter,  it  must  make  10  turns  for 
the  winding  on,  and  30  turns  in  following  the  spmdie  ; 
in  all,  40  revolutions.  If  the  bobbin  be  3  inches  iu 
diameter,  or  9  m  circumference,  it  must  oiJy  make  5 
turns  to  wind  on  the  45  inches :  these  5  tui'us  added 
to  the  30  turns  required  for  twist  make  35  revolu- 
tions, and  so  on  for  any  other  dimensions  of  the 
bobbin  Hence,  the  number  of  turns  of  the  bobbin, 
plus  the  number  of  turns  of  the  spindle,  is  a  quantity 
always  inversely  as  the  diameter  of  the  bobbin.  The 
motion  of  the  bobbin  and  .'■pindle  is  simultaneous,  and 
m  the  same  direction,  with  a  diiference  varying  more 
or  less,  according  to  the  varying  diameter  of  the 
bobbms.  But  suppose  for  a  moment  the  spindle  to 
be  stationary  :  then  the  bobbin  must  turn  with  such 
a  \  elocity  that  it  will  wind  on  the  roving  just  as  fast 
as  the  front  rollers  deliver  it.  This  roving  comes 
forward  at  a  uniform  rate ;  but  the  bobbin,  continu- 
ally increasing  in  diameter,  should  turn  with  a  ve- 
locity nnifonnly  retarded.  Motion  being  given  to 
the  spindle,  it  is  evident  that  when  the  ■ninding  is 
forward,  as  in  the  fine  fly-frame,  we  must  deduct  from 
the  rotation  of  tlic  bobbin,  required  for  winding  on 


1-     ,,  ,  ,.  I    .       :  -  ^.li.eted 

for  the  eU'ective  speed  of  the  bobbin ;  or,  if  the  cir- 
cumference be  9  inches,  5  turns  will  take  up  the  45 
inches,  if  the  spindle  be  at  rest,  but  if  the  spindle 
make  30  turns  for  twist,  the  effective  speed  of  the 
bobbin  will  be  30-5  =  25  turns.  Hence,  for  the 
fine  bobbiu-and-fly-frame  the  number  of  turns  of  the 
spindle,  minus  the  number  of  turns  made  by  the 
bobbui  in  the  same  time,  is  a  quantity  inversely  as 
the  diameter  of  the  bobbin.  In  the  coarse  frame  the 
bobbin  should  move  faster  than  the  spindle,  and  its 
sixjed  should  go  on  diminishing;  while  in  the  fine 
frame  the  speed  of  the  bobbin  is  less  than  that  of  the 
spindle,  and  it  goes  on  progressively  increasing. 

In  the  coarse  roving-frame  the  spindles  revolve  on 
an  average  750  times  per  minute,  tiu'niug  ofi"  for 
each  spindle  400  inches  per  minute,  or  666f  yaids 
per  hour.  In  the  fhie  frame  there  is  more  twist  in;; 
power,  and  this  product's  on  an  :ivi<r;ii;-o  :,?,?,l  y:inis 
per  hour.     In  the  r^  h -i' IV  in   i  In'    V,r:  i    . '•  inniiled 

from  4  to  6  times,  r.     '       '    ;  ,  licing 

between  the  fmni         i   :     :    .     i  ;    ilir  re- 

maining  1|  betw.'fii  li;. i.ili'  nM  i  ■-.  nsin-s. 

For  fine  spinnings  the  rovings  are  weighed  on  (he 
bobbhis  by  a  quadrant  beam,  and  distributed  according 
to  their  respective  weights  into  5  numbered  baskets. 
In  some  coarse  spuming  miUs  only  one  carding,  one 
drawmg,  and  one  roving  are  employed  for  niaiiu- 
factiu'ing  the  yarn  used  for  the  cheapest  cahco. 

Such  is  a  general  account  of  the  bobbin-and-fly 
frame.     The  reader  who  is  interested  in  the  study  of 


macIiinciT,  will  find  it  an  instructive  exercise  to 
make  himself  master  of  I  his  complicated  machine, 
which  he  will  be  able  to  do  with  the  assistance  of 
the  accompanying  sted  engraving,  and  the  following 
wood  engravings  and  description,  which  liave  been 
prepared  for  the  editor  by  his  frii  n  i  "T. .  Tl,  i.  !;rr. 

We  may  consider  that  therr  ,1. 
accomplished  by  this  machine  :— I  .:  ;  \ 
to  be  reduced  in  size,  and  coii^'  jm 'iL;.  cIh  _m!'.L 
Secondly,  it  is  to  have  a  certain  dctcnniuate  number 
of  twists  given  to  each  foot  of  its  length.  Thu-dly,  it 
must  be  coUed  eveidy  round  the  boljbiii,  into  the 
shape  shown  in  Fig.  056. 

The  steel  cugravLug,  which  wo  sliall  refer  to  as  the 
plate,  represents  a  back  view  of  the  mechanism  of 
llii;  bobbin-and-fly  machine,  and  Figs.  6.jS,  G59,  GOO, 
represent  a  section  and  details  of  the  same,  similar 
letters  being  used  in  all  cases  to  the  same  parts.  Only 
a  few  of  Uie  spindles  and  rollers  are  drawn  in  the 

1st.  To  reduce  tli^-  i'.\:i_— A  siii^  li-.i  i!:c 
engine  shafting  of  thr  i  i  i        It 

B.     This  shaft  by  nil  :■!,       i  ,1,  ;uil 

which  at  its  extremity  carries  a  wheel  i,  driving  a 
larger  wheel  5.  This  last  is  keyed  on  the  shaft  of 
the  bottom  front  drawing  rollers.  It  also  carries  a 
toothed  wheel  6,  which  acts,  by  means  of  the  carriers 
7  and  8,  on  wheel  9,  fixed  on  the  shaft  d  of  the 
lower  back  rollers,  ddd.  By  changing  the  various 
wheels  of  this  train,  between  Nos.  4  and  9,  for  which 
facilities  are  afforded  in  the  construction  of  the 
machine,  any  relative  degrees  of  velocity  can  be 
given  to  the  front  and  back  rollers,  so  as  to  draw  or 
attenuate  the  roving  ju-^t  v,,i„.irli  :is  v.v<\  he  required. 
Suppose,  for  instanci-,  i '  '  '  ,  v  ",  ■mic  1  inch  in 
diauieter,  and  made  i-'i  Hi  ■  i  !.uu\  and  the 
front  pair  were  I5  imii  m  ui:i;im  in,  iinl  made  ISO 
turns  per  minute;  then  the  back  p;iir  will  deliver 
out  3.14  X  60  X  1  =  188.4  inches  per  minute, 
which  by  the  greater  speed  of  the  front  rollers  will 
be  lengthened  to  3.14  x  ISO  x  1.25=706.5  inches. 
So  that  the  roving  will  have  its  length  increased  3f 
times,  and  its  tliiekness  reduced  in  the  same  pro- 
portion. 

2d.  To  give  the  roving  thus  drawn  out  a  certian 
dctenniuate  degree  of  twist.  The  shaft  b  can-ies 
a  bevel  wheel  10,  which  by  means  of  the  wheel  11, 
shaft  E,  and  wheels  12  and  13,  drives  tlie  long 
horizontal  shaft  r  f.  This  shaft  extends  along  under 
the  cast-iron  beam  //,  and  carries  a  series  of  small 
bevelled  wheels/'/',  which  drive  the  upright  spindles 
G  G  G,  by  means  of  small  wheels  ff'  ff'  keyed  upon 
these  spindles.  See  Fig.  652.  The  spiudl.-  n  ^< '- ,■ 
independently  within  the  disks  and  coli 
bobbins,  on  the  beam  //,  and  at  their  to|i.s  ti  ,  <  ,: 
the  flyers  ^yy.  Hence  the  flyers  derive  iheu  iujUju 
from  the  same  shaft  B,  which  gives  movement  to  the 
drawing  rollers,  and  therefore  the  number  of  revolu- 
tions made  by  the  flyers  in  any  given  tune,  will  always 
bear  such  a  constant  ratio  to  the  speed  of  the  ch-awing 
rollers,  as  the  attendant  may  by  his  arrangement  of  the 
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wheels  4,  5,  6,  7,  S,  0,  have  delenuiucd  upnu  before- 
hand. K,  therefore,  in  one  minute,  or  wliile  the  front 
drawing  rollers  deliver  out  706^  inches  of  roving,  the 
spindles  with  their  flyers  make  1,300  revolutions,  the 
roving  will  have  rather  more  than  If  twists  in  each 


of  winding  on  to  the  bobbin,  or  the  varying  actmd 
rapidity  of  the  whole  machme,  cannot  alter  this  ratio 
between  delivery  and  twist. 

3d.  The  coiling  of  the  twisted  roving  upon  the 
bobbin.  Wc  must  hero  consider  how  we  slunJd  pro- 
ceed to  wind  the  roving,  so  as  to  produce  an  even 
bobbin  or  "  cop"  of  the  shape  shown  in  Fig.  656,  and 
with  no  overlapping  or  ii-regularity  in  the  laying  on 
of  successive  coUs. 

First,  then,  we  have  seen  that  the  bobbin  must  be 
carried  regularly  up  and  down  within  the  flyer,  as  the 
roving  winds  on,  at  such  a  speed  that  each  turn  may 
lie  evenly  by  the  side  of  the  preceding  one,  neither 
overlapping  nor  leaviiig  a  vacant  space.  This  motion 
of  the  bobbin  or  "traverse"  must  continue  steadily 
upwards,  till  one  layer  has  been  put  on  from  top  to 
bottom  of  the  coil;  and  must  then  be  suddenly 
reversed  and  continued  blcadily  downwanls,  till  the 
second  layer  has  Ijcri  I  I  111  I  mm.  il',  n  ;r_  hi  rr\i,  id  for 
the  third  layer,  ami        ">      ^1  1     n  suc- 

cessive layer  incrc--  ...  ,    ■,     i>i  the 

bobbm,  the  speed  of  ilm.!uU,;i  ul  l:..;  ujIjI^.u  lui^t  be 
altered  after  each  layer  is  completed ;  so  that  the  rate 
of  taking  up  of  the  bobbin  may  remain  the  same,  and 
its  surface  velocity  be  always  cq\ial  to  the  rate  of 
delivery  of  the  front  rollers.  Now  suppose  the 
bobbin  to  be  1^  inch  in  diameter,  or  just  equal  to  the 
front  drawing  rollers,  then  while  these  are  delivering 
off  706  i  inches  of  roving,  the  bobbm  must  move  so 
as  just  to  wind  up  this  quantity,  which  will  give 
evidently  ISO  entire  coils.  But  -while  this  706| 
inches  is  being  delivered  off,  the  flyer  ( in  order  to 
give  it  the  right  nmninit,  of  twist.)  is  makmg  1,300 


evolutio 


We 


actio 


vhieh 


speeds  of  the 


equal  to  the  dilV-  i 

time.  Therefore  the  bobbin  must  revolve  at  such  a 
speed  as  would  carry  it  through  1300  +  ISO  =  14S0 
revolutions,  in  the  same  time  that  the  flyer  is  making 
1300.  Now  if  each  laver  of  roving  increase  the 
Jniiiiri-  III  i!,r  l,i-liMi,"liy  -i%ths  of  an  inch,  then 
.■  '  ,::!;i,i  i'  ■'  M.  nil  layer  of  roving: — 
(  ,1.  1,  ,  .  I  1,  :  1  =3.14x  (1.25-f.3)-= 
:;.U  ,-,  l..j.j  =  i.iO;.  ilierLfore  the  number  of  turns 
to  be  made  by  the  bobbin,  to  take  up  the  second  706  J 
inches  of  roving  =:  ^^  =  145  nearly.  So  that  while 
the  flyer  continues  to  revolve  at  a  speed  which  would 
ean7  it  through  1300  revolutions  in  one  mmute,  the 


bobbin  must  now  revolTC  so  as  to  make  1300  +  145 
—  liio  tui-ns.  Similarly  we  fiud  that  for  the  thii-J, 
fourth,  and  fifth  layers,  the  bobbia  must  revolve  at 
such  a  speed  as  would  make  the  ratio  of  its  velocity 
to  that  of  the  flyer,  as  1423  :  1300,  1405  :  1300, 
1391i  :  1300  respectively.  These  numbers  express 
ratios  of  velocity  only,  not  that  such  numbers  of 
turns  must  be  actually  made  by  one  and  the  other 
before  the  speed  changes ;  for  the  speed  must  change 
directly  each  layer  is  completed,  whatever  be  the 
number  of  turns  in  it.  It  will  also  be  evident  that 
as  the  diameters  of  the  bobbins,  and  consequently 
the  quantity  of  yam  contained  in  each  coil  increases, 
the  traversing  or  np  and  down  motion  of  the  bobbins 
must  be  slower.  Were  it  not  so,  as  the  bobbin 
revolves  more  slowly  in  proportion  to  its  speed  of 
traverse,  the  yams,  instead  of  being  laid  closely 
together,  would  fonn  an  open  screw-like  coU. 
Thirdly,  as  the  fuU  cop  must  have  its  ends  tapered, 
as  in  Fig.  656,  to  prevent  any  risk  of  the  rovings 
slippiug  off,  it  is  clear  that  each  successive  traverse 
of  the  bobbin  must  be  shorter  than  the.  one  preceding. 
Fourthly,  as  the  bobbin  when  full  will  only  just  enter 
within  the  flyer  arms,  the  action  of  the  machine  m\ist 
be  stopped  with  certainty,  directly  it  has  filled  a  set 
of  bobbins.  We  now  proceed  to  describe  how  thiMj 
requisite  adjustments  are  attained. 

Fii-st,— to  produce  the  traverse  motion.  The 
bobbuis  rest  on  a  long  beam  or  inverted  trough  of 
kon  /i,  tei-med  the  "  copping  bar,"  or  "  copping  rail." 
This  is  not  fixed  in  the  machine,  but  is  fitted  with 
slides  to  the  end  frames  z  z,  and  with  guides  to  the 
upright  rods  yy,  so  as  to  be  capable  of  moving  up 
and  down,  tlu-ough  a  distance  equal  to  the  length  of 
the  bobbins.  Its  weight  is  partly  counterpoised  by 
masses  of  cast-iron,  suspended  fr-om  it  by  chains 
passmg  on  the  pulleys  x  x.  The  chains  and  weights 
are  omitted  in  the  iigures,  to  avoid  complexity,  but 
theii'  action  wiU  be  readily  understood.  The  spindles 
G  G  pass  through  this  copping  nul  without  touching 
it,  so  that  the  small  disks  on  wliich  the  bobbins  rest, 
which  are  made  to  revolve  by  the  bevelled  wheels 
fixed  upon  the  long  dotted  shaft  h,  can  continue  to 
revolve  while  travelling  up  and  down  the  spindles. 
The  shaft  c  before  mentioned  as  driving  the  rollers, 
carries  a  drmn,  15,  from  which  a  strap  passes  to  the 
tin-iilite  cone,  16;  a  wheel  17  on  the  shaft  of  this 
cone,  drives,  by  a  second  spar-wheel  18,  the  shaft  K, 
and  this  by  the  bevel-wheels  19,  20,  tiu-ns  the 
shaft  L,  carrying  at  its  end  the  bevcl-wbeel  21. 
This  last  wheel  is  placed  between  two  facing  bevel- 
wheels  22,  23,  and  it  is  evident  that  when  engaged 
with  one  of  these  it  will  drive  the  shaft  M  in  one 
dii-ection,  when  engaged  with  the  other  it  wiU  diive 
it  in  the  contrary  direction.  The  pmion  24,  at  the 
end  of  shaft  ir,  works  in  the  wheel  25  and  drives  the 
shaft  X,  which  carries  pmions  2G,  26,  working  in 
racks.  Fig.  653,  fixed  to  the  copping  rail;  so  that 
when  the  shaft  m  is  driven  one  way  it  causes  the 
copping  rail  to  rise,  when  driven  the  other  way  it 
draws  the  raU  down.  The  copping-raU  has  attached 
to  it  a  slot-piece  i.    In  this  slot,  a  pin  projecting 


from  the  circular  end  of  the  sUding  biu:  v,  works,  and 
this  shding  bar  when  raised  lifts  the  tumbliug  bob  or 
loose  weight  t  by  the  pin  v' ;  but  as  soon  as  the 
copping-rail  has  attained  a  certain  height,  (raising 
the  tumbling  bob  as  it  goes,)  this  bob  having  come 
to  the  vertical  position  tumbles  suddenly  over  to  the 
left,  and  in  so  doing  slides  the  bolt  u  to  the  left, 
which  puUs  the  bevel-wheels  22,  23,  also  to  the  left, 
by  the  rod  ti  attached  to  a  loose  collar  connected  with 
the  wheeb.     This  brings  the  wheel  23  into  gear  with 


pinion  21,  and  instantly  reverses  the  motion  of 
the  shaft  M.  Consequently  the  copping-vail  moves 
downwards,  again  raising  the  tumbling  bob,  but  now 
of  course  by  the  sliding  lever  v  bearing  against  the 
pin  v',  lontU  the  bob  tumbles  over  to  the  right,  and 
again  reverses  the  motion  of  the  rail  by  sliding  tlie 
bevel-wheels  to  the  right.  The  pins  c'  v-  can  be 
adjusted  in  their  cii'cular  slot,  so  as  to  cause  the  bob 
to  tumble  over  sooner,  and  thus  lessen  the  traverse 
of  the  copping  beam.  The  bevel-wheels  22,  23,  are 
of  course  so  keyed  to  the  shaft  M,  that  while  moving 


freely  along  it,  they  still  coutiuuc  to  drive  it.  There 
is  a  pin  fixed  to  the  long  lever  s,  which  moves  ui  the 
circdur  slot  of  the  slidkg  level  v,  but  this  evidently 
does  not  in  any  way  impede  the  up  and  down  motion 
of  this  lever.  The  use  of  the  pin  will  be  seen 
hereafter. 

Wo  have  now  to  explain,  secondly,  how  the  speed 
of  the  bobbin  is  altered  at  the  eonipletion  of  each 
ti.ivcibcuf  lliu  copplng-beiuu,  to  as  (u  tiiiutlisc  the 


Mill  bL  .'l.uvu  hficciltcr.  T!u.  wheel  ib  conuectrd 
with  the  wIiclI  oi,  but  they  both  turn  loosely  on  the 
main  shaft  ];,  and  have  no  connexion  with  it.  The 
wheel  32  drives  the  long  shaft  H,  by  means  of  the 
clbow-liuLcd  canicr-w heels  33  and  3i.  On  referring 
to  the  bcetiun,  lug.  65S,  the  use  of  this  elbow-liidi 
wiU  lie  aiipairnt.  The  bobbms  must  continue  to 
K  \oKc  as  the  copping-raQ  carries  them  up  and  down, 
and  this  is  attained  by  means  of  the  linlcing  of  the 
wlieeL  33,  34.,  35  to  33,  so  that  they  remain  in 
pealing  while  continuallv  rising  and  faUiui;' w  ilh  the 
rad.  The  shaft  c  is  biuKcdrso  that  tin  ,  u"  I  , 
can  sHde  along  it,  and  jct  continue  to  In 
and  it  is  evident  that  as  the  pulley  .slid,  i, 
e.irrii'b  ito  strap  towards  the  larger  end  ot  liiu  cum-, 
this  cone  will  be  di-iven  more  slowly  as  its  diameter 
at  the  driving  part  is  increased.  So  that  while  the 
pulley  moves  uniformly,  it  can  be  made  to  turn  more 
and  more  slowly  the  cone  and  the  train  of  shafting 
and  wheels  which  eventually  gives  motion  to  the 
bobbins.  A  tightening  pulley  c,  which  rests  agamst 
the  strap,  keeps  it  always  tight  rnoii"h  to  dii\i;  the 

cone.    At  the  left  baud  of  thr  , J i    i' '    •  nl- 

piece  R,  the  teeth  of  which  ai.    |         1    '  i    on 

the  top  and  bottom  edges,  and  \\  II M  li  i  li>  ,  ,  ilie 
catches  r' ri  from  being  pulled  to  tin-  ieii  liy  the 
weight  I/,  acting  on  the  top  of  the  long  lever  s,  and 
by  tlie  pin  .s  working  in  its  slot,  upou  the  projecting 
arm  of  the  rack-piece.  When  the  work  commences 
with  empty  bobbins,  the  rack-piece  is  puUed  to  the 
extreme  right,  so  that  the  catches  engage  and  hold 
it  by  the  end  teeth  on  the  left  hand.  It  will  be  seen 
that  the  lever  s  is  connected  by  a  rod  (  with  the 
sliding  pulley  15,  so  that  any  movement  of  the  rack- 
pieee  to  the  left  must  be  accompanied  by  a  corre- 
sponding movement  of  the  pidlcy  to  the  loft. 

The  tmubUng  bob  t  at  its  low  mi     1  I   ,  m'     'i  ,  in 
a  fork,  embracing  the  end  of  1 1  >  i  w, 

so  that  when  the  bob  falls  o\  (1  I  '  '      uid 

of  the  first  upward  traverse  of  il.i  .  -i  |'1m„  i  I  the 
beU-eranlc  lever  is  moved  to  the  liyht,  and  the  up- 
right rod  w  connected  with  its  short  end  is  jerked 
down.  In  so  doing,  one  of  two  plus  at  the  upper 
end  of  this  rod  lifts  the  lower  catch  i-i  from  the 
rack-piece,  and  this  consequently  slides  to  the  left 
(draggmg  the  pulley  15  with  it),  till  its  motion  is 
arrested  by  the  upper  catch,  engaguig  the  next  alter- 
nate notch  of  the  rack.  Here  it  rests  while  the 
copping-rail  completes  its  downward  motion,  at  the 
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end  of  wliieh  the  bob  tumbles  over  to  the  right,  and 
at  the  same  time  that  it  reverses  this  motion  of  tlie 
rail,  also  by  the  bell-crank  lever  w,  and  rod  m  strikes 
up  the  upper  catch,  and  allows  the  rack  to  sUdo  to 
tlie  left,  till  it  is  caught  by  the  lower  catch.  As  the 
shaft  K  drives  the  bobbins,  and  also  the  phiious 
servmg  to  raise  and  lower  the  copping-rail,  therefore 
each  escape  of  the  rack,  by  shifting  the  baud  towards 
tlu'  large  end  of  the  cone,  reduces  the  sprrd  of  the 
lull  K,  and  cousequently  b^Hi  I' <  '  '  il'i'xo- 
'       11  .,f  the  bobbins  ami  111  '  '  li  the 

i-.r  of  the  bobbins  is  n.    i  hhl;  for 

ill  M  cund  change  which  w.i  i  ii  I  '  .  omiug 
requisite  on  the  progressiv c  iuCKase  of  diameter  of 
the  bobbins. 

In  tliis  manner,  the  traverse  of  the  bobbins,  the 
decrease  of  their  speed  of  rotation,  and  also  of  their 
speed  of  traverse  ha\  e  been  accomplished.  We  have 
now  to  show,  in  the  third  place,  how  the  tliminution 
of  the  lengths  of  successive  traverses  is  produced, 
so  as  to  give  to  the  cop  its  conical  ends. 

The  sliding  lever  v  is  not  fixed  in  its  centre,  but 
slides  in  a  boss,  so  as  to  allow  of  its  length  being 
r(  uuerd  by  sKduig  the  circular  head  nearer  to  the 
I    1 1  n  ,  the  result  of  which  would  be,  that  a  smaller 

ii  of  up-and-down  motion  of  this  lever  would 
I  ,  u..  tlie  bob  tumble  over  from  one  side  to  the  other. 
\\  ucu  the  piece  of  Y>-nr!-.  i  c  >■  iMMf^il  -nd  tin- rack- 
piece  placed  as  fii  1  ''  '  '  '  '  ''"  long 
lever  s  is  incliui  il  i  i  -       n^ht, 

it  being  cormeetLil  \  i  u  i  -  i       pni  s 

passing  through  this  1l\li  .     '  i  "I  the 

rack-piece.     In  this  state  th  >  jiullcd 

out  from  its  boss  as  far  as  pi  i  "■  the 

spacethroughwhichit must  Ih  >  i  !i\i  .  nipimig- 
rail,  before  it  throws  over  the  bob,  is  the  greatest 
possible.  But  each  successive  escape  of  the  rack- 
piece  draws  the  lever  s  over  to  the  left,  and  this 
pushes  the  sliding  lever  further  aud  fm-thcr  fhi'ough 
its  boss,  by  a  pm  fixed  to  this  lever  s,  and  passmg 
through  the  circular  slot  of  lever  v,  so  that  each  suc- 
cessive traverse  is  rendered  shorter  than  the  preceding 
one,  and  therefore  each  layer  of  yarn  or  roving  is 
shorter  at  both  ends  than  the  one  below  it.  The 
ends  wid  thus  be  rendered  conical,  as  shown  in  the 
figures. 

In  the  fourth  place,  (o  <_"•<  I  m  i  I'n  over- 
winding of  the  cops,  it  will  1  i 


\  stirru 
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that  by  this  rod  the  baud  ■  i  ii-'n  the 

fast  to  the  loose  pulley,  and  1 '  I     i  '  v  hole 

machine  stopped.     On  this  i    '       '  i|>  (/, 

which  can  be  adjusted  to  an\  ;  i'  i  i  I  mh  ii|iiight 
Q,  through  which  the  rod  passe-,  i,  one  arm  of  a  beU- 
crank  lever,  over  the  other  arm  of  which  the  weight 
g,  attached  to  the  rack-piece,  hangs ;  so  that  the 
weight  would  pidl  the  arm  q  over  to  the  left,  were  it 
not  kept  upright  by  a  spring-catch  q',  h)eking  over  a 
sujaU  upright  piece  on  the  frame  of  the  machine. 
But  when  the  rack-piece  comes  to  leave  the  last  tooth 
of  its  rack,  (the  bobbins  being  then  just  full,)  a  pui  on 
the  upright  s'  lifts  the  catch  y',  and  the  weight  there- 
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(i\c  pullo  the  arm  Q  over,  sliding  tlie  long  lod  to  the 
Icit  publimg  the  strap  on  to  the  loose  puUcy,  and 
stopping  the  whole  maolune  This  is  c'ouo  without 
any  care  of  the  tenter ,  but  we  obsei\e  thit  the  long 
rod,  extending  as  it  does  along  the  whole  length  of  the 
machmn  ^llr^^b  th(  t  ufti  it  whatever  pait  ot  the 
iinchii     1  1  I    its  motion  in  i  moment, 

iiul  til  I     1  aiising  fiom  dcnnco 

iicuK  I  mg  bioken  lOMiys,  or 

Tlie  ttcth  ol  tho  licks  ae  set  closer  together  to 
I  he  iir,ht  than  at  the  commencement  of  the  nek 
This  IS  to  accoid  with  the  dmiini'^hing  iitn  ot  the 
o peed  of  the  bobbin  to  thil    f  II  1       1     I    is 

shown  by  our  fiist  c  dculit  1 1  c 

•ilopt  ot  the 


louiid  it  the  same  speed  ns  B,  and  in  the  same  diiLt 
tion,  then  the  middle  wheel  30  has  no  tendency  to 
ie\olve  on  its  axis,  but  acts  simply  as  a  pm  bctweeu 


llh   : 


the 


I  I      I     ]  1  ^rci  ct  udud: 

1  I  sL  adjustments,  thouf,h 
I  of  \ain,  would  roqiuie 
1  a  smaller  diameter,  or 
^rcitu  de^iee  ul  twist,  lb  made  The  adjustment 
foi  fiiiei  yams  is  given  by  the  pm  s,  shding  m  the 
slot  of  tlic  long  Irver  s  bv  -nhich  the  effective  length 
ot  this  1  I  d,  and  theiefore   the 

ainounl  >  I  ,  rcntre  for  each  escape 

of  the  I  I  I  '       ^ ,  the  sliding  in  of  the 

sliding],  wi  '.,   mmI  ihu.l   n   llir  aiiKinut  <  f  dc.  rcase 


I  1 


the 


adjustment  for  dif- 
ferent twist  is 
made  by  means 
of  the  Equatioual 
box,  or  Differential 
pulley,  p,  b,  and 
Figs.  659,  6G0. 
This  box  consisls 
of  two  short  cylin- 

p  and  b,  each  en- 
closing    a    bevel 
wheel,  29, 31.  Be- 
Fiij.dbo.    CENTRE  •n-iiEEi,  OP  twcBu  thc   edges 

EauATioNAi,  Eux.  qJ  thcsc  boxcs  is 

a  spur-wheel,  28,  carrying  a  third  bevcl-whccl,  30, 
mounted  on  an  axis  forming  a  radius  of  the  spur- 
wheel.  This  third  wheel  gears  into  the  two  other 
bevel  -  wheels.  Outside  of  the  half -box  p,  and 
attached  to  it,  is  a  spur-wheel,  33.  The  tliree  bevel- 
wheels  are  exactly  alike  in  diameter  and  number 
of  teeth.  'I  ii>  IilI  i.,,  /,,  ^vith  its  wheel,  is  koyi-a 
to  the  .sliv  ;  ,  I  ::  -,iil,  it,  but  the  wheel'-' V 
and  the   lin    i        ,  ii-  wheel,  turn  loosely  <" 

theshaft  and  luaq.rmu  lulyof  it.  Now 
2S  be  held  stiU,  ami  the  shaft  u  is  turnod 
that  the  middle  bevel-wheel  30  will  act 
can-ier  between  29  and  31,  which  will  t 
miiie  speed,  but  in  opposite  directions.     If 


20  and  31,  causmg  ol  to  fuiu  with  the  sane  ye  d 
as  20,  but  III  the  same  duedion  These  are  the 
extreme  cases  The  middle  ea.5e  is  -when  28  tuins 
with  hoK  the  speed  of  b,  and  in  the  same  duection 
In  this  case,  30  merelv  nms  lound  on  31,  and  31 
docs  not  move  at  all.  Hence,  therefore,  all  possible 
degrees  of  motion  between  absolute  rest  and  a  velo- 
city equal  that  of  sliaft  v.,  can  lie  given  to  31,  and 
therefore  to  32,  1.;,  .',;,,,_.,  ,S  ulnrjly  given  to  28, 

between  that  ol'  lii  ;    i i  ■  i  i  ■  .  .shaft  b  and  that 

of  the  same  spcnl  >   ihanges  of  velo- 

city in  28  are  ra  l!^  |.,  mIim,,!,  i,\  merely  putting  a 
larger  or  smaller  iiiiiiou  on  the  bliaft  K,  in  the  place 
of  the  pinion  27.  Therefore,  as  the  wheel  32  joined  j 
to  31  drives  the  bobbins,  their  speed  can  be  adjusted, 
by  this  simple  change,  to  have  any  given  ratio  to.  that 
of  the  spindles  and  flyers,  whatever  be  the  velocity  of 
these  last.  Now,  if  the  speed  of  the.  flyers  were 
doubled,  so  as  to  double  the  twist  of  the  yarn,  tlie 
speed  of  the  bobbins  must  not  be  doubled  also,  but 
must  be  altered  so  as  to  leave  the  same  difference 
as    before    between  theii-  speed  and  that   of    the 

Many  of  the  minnr  drtalK  of  the  machine,  such  as 
the  "spring  fiuirois,"  I'li  a-i-iiii'^  the  winding  of  the 
yarns,  the  form  (if  tin-  trtih  df  the  bevel-wheeLs 
driving  the  spindles  and  buljbms,  have  been  neces- 
sarily  omitted,    or    only   glanced    at,   in    this    de- 

Li  fine  spinning,  two  rovings  are  doubled  and  passed 
a  second  tune  through  the  roving  frame,  where  tliey 
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receive  a  further  degree  of  drawing  aud  twist.  lu 
fine  spinning  the  rovings  arc  sometimes  prepared 
at  what  is  called  the  stretchiiig-frume,  which  is  a 
kind  of  mule-jenny;  but  the  usual  plan  is  to  finish 
llic  rovings,  that  is,  to  spin  them  into  yarn,  at 
one  of  two  machines,  namely,  the  throstle  and 
the  mule-jennij,  which  are  now  to  be  described. 
The  difference  between  these  two  machines  may 
be  thus  briefly  stated : — the  mule  having  made  a 
definite  length  of  yarn,  the  operation  of  spinning  is 
suspended  wliile  the  yarn  is  being  wound  up  upon  bob- 
bhis  or  spindles.  In  the  throstle,  on  the  contrary,  the 
yarn  is  both  spun  and  wound  up  at  the  same  time. 
Moreover,  the  tlu-ostle  yam,  also  called  icater-twist 
from  having  been  produced  at  the  tciiter-frame  as 
already  noticed,  is  smooth  and  wiry,  while  the  mule- 
yarn  is  soft  and  downy.  Throstle  yarn  is  usuaDy 
employed  for  warps  in  heavy  goods,  such  as  fustians, 
cords,  or  for  making  sewing-thread ;  mule-yarn  is 
used  for  the  weft  in  coarse  goods  ;  and  also  for  warp 
and  weft  in  finer  fabrics. 

AVater-iwisi  ok  thkostle-spinning. — In  the 
bobbiu-and-fly-frame,  the  roving  is  twisted  only  to 
such  an  extent  as  will  give  it  suiiicient  strength  to 
unwind  from  the  bobbins  upon  which  they  are  coiled ; 
if  they  were  much  twisted,  they  would  resist  the 
action  of  the  di-awing  rollers  of  the  throstle  or  the 
mule.  In  these  two  machines,  however,  the  torsion 
is  so  increased  and  the  filaments  so  firmly  imited, 
that  any  further  di-awing  would  cause  them  to 
break  across  rather  than  draw  out  into  downy  ends. 

The  object  of  the  throstle  is  to  draw  out  the 
rovings  into  slender  threads,  at  the  same  time  that 
It  twists  thera  by  the  rotation  of  the  spindles  and 
flyers ;  the  yam  thus  produced  is  at  the  same  time 
wound  upon  bobbins  as  in  the  bobbin-and-fly-frame, 
but  with  a  much  smaller  outlay  of  mechanical  con- 
trivance, on  account  of  the  greater  strength  of  the 
hard  tvristed  throstle  yam.  The  throstle  consists  of 
two  roller-beams,  each  provided  with  the  usual  tln-ee- 
fold  set  of  drawing  rollers,  which,  instead  of  being 
mounted  in  fours  and  sixes  upon  independent  heads, 
arc  aU  coupled  together  in  one  range  upon  each  side 
of  the  frame.  The  top  rollers  are  as  usual  covered 
with  leather,  and  the  roving  passes  over  a  guide  bar, 
to  which  a  slight  horizontal  movement  is  communi- 
cated for  the  purpose  of  leading  the  rovmg  over 
iliffercnt  points  of  the  rollers,  and  thus  preventhig 
the  leather  from  being  chafed  by  constant  pressure  on 
one  spot.  The  machine  is  usually  made  double,  a 
row  of  bobbins,  spindles,  &e.  occupying  each  side  of 
the  frame.  The  bobbins,  filled  with  rovings,  are 
placed  upright  upou  skewers  fixed  in  shelves  in  the 
middle  of  thr  lia  1/   ^1  'i'hcrc  are  usually  from 

70  to  150  .■-I.!:   :  -  r  of  the  throstle,  and 

they  are  .sf  I  ii         '  ;  :  iipart.     The  spindles 

on  both  sicl.  N  ;Mr  ilnwM  m  roinmon,  by  means  of 
bands  from  the  long  horizontal  tin  cylinder,  wliich 
extends  the  whole  length  of  the  machine ;  this 
cylinder  is  seen  in  Fig.  GGl,  and  also  in  section  C, 
Fig.  663.  On  quitting  the  last  pair  of  rollers,  each 
roving  is  guided  by  a  Little  ring  or  notch  of  smooth 
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glass  let  into  the  frame  at  e,  towards  the  spindles, 
which  revolve  with  great  rapidity,  producing  by  the 
motion  of  their  flyers  a  low  musical  hum,  which  is 
supposed  to  have  givrii  tli-'  ii.mir  in  (his  macliiue. 


The  roving,  which  may  now  be  called  i/ani,  passes 
through  an  eyelet  formed  at  the  end  of  one  of  the 
arms  of  the  flyer,  and  thus  guides  the  yarn  to  the 
bobbin,  which  revolves  round  the  spindle  axis  in  the 
middle,  between  the  two  prongs  of  the  flyer.  Im- 
mediately over  the  spindle,  is  an  eyelet  of  wire, 
which  serves  as  a  guide  to  the  roving,  which  is  led 
once  or  twice  round  the  arm  of  the  fly,  and 
then  passed  through  one  of  its  hooked  extremities. 
Tiie  yarn  is  wound  upon  the  bobbin  by  a  curious 


contrivance.  The  bobbin  fits  very  loosely  upou  the 
spindle,  and  rests  with  one  end  upou  the  coppiug- 
rail,  c.  The  bobbin  is  not  coimected  with  the 
spindle,  except  by  the  thread  of  yam  which  has  to 
be  wound ;  so  that  as  soon  as  the  flyer  is  set  spinning 
the  thread  drags  the  bobbin  after  it,  and  makes  it 
follow  the  motion  of  the  spindle  and  fly ;  but  the 
weight  of  the  bobbin  and  its  friction  on  the  eopping- 
rail,  which  is  promoted  by  covering  the  end  with 
coarse  cloth,  causes  it  to  hang  back  ;  and  thus  the 
double  purpose  is  served  of  keeping  the  thread 
stretched,  and  wiudmg  it  on  the  bobbin  much  more 
slowly  than  the  flyer  revolves.     The  yam  is  equally 
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distributed  on  the  bobbin,  by  a  slow  up-and-down 
motion  of  the  copping-rail. 

These  effects  are  similar  to  those  produced  in  the 
bobbin-and-fly-frame,  but  in  the  throstle  they  are 
attained  by  simpler  means.  In  the  former  machine, 
the  bobbin  and  the  spindle  were  made  to  revolve  by 
distinct  mechanical  movements  ;  in  the  throstle,  the 
bobbm  is  made  to  revolve  by  the  pidl  of  the  yam, 
which  is  now  sufficiently  strong  for  the  purpose ;  the 
roving  in  the  bobbin-and-fly  frame  could  not  bear 
such  a  strain. 

The  throstle  is  tended  by  o 
an  assistant ;  they  have  the 
spindles  in  two  double  frar 
to  mend  broken  threads,  to 
and  to  substitute  empty  oi 
doffiiig,  and  it  occasions  on 
half-an-hour  a-day  with  the 
full  bobbi 


e  young  woman  and 
:are  of  140  to   300 
s,  and  their  duties  arc 
nove  the  full  bobbhis, 
.     This  task  is  called 
1  average  the  loss  of 
immon  throstle.     The 
e  collected  and  carried  away  iu  a  kind 
of   hamper,    Kg.    663, 
made  of  buffalo  leather, 
hence     called    a 
buffalo.    The  bobbin  of 
compressed  roving,  laid 
on     with     the     spring 
presser,  Eig.  654,  will 
last     on    the    throstle- 
F/j.  683.  frame  from  4  to  .5  days. 

Tlio  quantity  of  yarn  turned  off  is  about  24  hanks 
per  spindle  of  30's  twist  in  69  hours.  In  spinning 
o2's,  the  front  rollers  of  the  common  throstle  make 
64  revolutions  per  minute,  and  the  spindles,  4,500. 
It  is  stated  that  in  spinning  24' s,  a  speed  of  80  turns 
per  minute  has  been  given  to  the  front  rollers,  and 
7,000  turns  to  the  spindle. 

le  factories,  the  upper  surface  of  the  rollers 
is  wiped  and  cleaned  from  loose  filaments  of  cotton, 
by  means  of  a  travelling  cone,  made  of  wood, 
with  flannel ;  it  is  about  a  foot  long,  Mith  a  base  4 
inches  in  diameter.  It  is  laid  loosely  on  the  rollers, 
and  travels  by  fuetiou  in  about  17  miuutes,  from  one 
end  of  the  roller-beam  to  the  other  in  the  din 


'  of  its  taper  end.  After  completing  a  joui-ney,  it  is 
removed,  and  a  clean  one  substituted  for  it. 

Several  new  forms  of  throstle  have  been  intro- 
duced, but  our  limited  space  wiU  not  allow  us  to  do 

''  more  than  mention  the  names  of  the  American  or 
Danforth  throstle.   Gore's  patent  throstle   spindle, 

;  Montgomery's  patent  spindle,  &c. 

Mule  Spinning.— The  object  of  this  operation  is 
to  convert  the  rovings  into  yam,  and  to  wuid  the  yam 
thus  produced  upon  spindles.  This  is  accomplished 
by  means  of  a  complicated  machine  called  the  mule 
or  the  mule-jenny,  which  consists  of  four  distinct 
members : — 1.  Of  di'awing  rollers,  consisting,  as  before, 
of  a  number  of  fluted  portions,  each  of  which  operates 
on  two  parallel  threads ;  2.  A  movable  carriage,  the 
length  of  which  is  equal  to  that  of  the  roller  beam, 
and  containing  as  many  spindles  as  there  are  threads 
to  be  spun.  This  carriage  admits  of  being  drawn 
forward  through  a  space  of  5  feet  in  front  of  the  roller 
beam,  and  its  wheels  move  upon  iron  rails,  placed  at 
right  angles  to  the  roller  beam ;  3.  The  head-stock,  or 
machinery  which  drives  the  different  parts.  This  is 
usually  placed  in  advance  of  the  roller  beam  towards 
the  middle  of  its  length,  thus  dividing  the  range  of 

'  threads  into  two  portions;  4.  The  creel-frame,  erected 
behind  the  roller  beam,  for  holding  the  bobbins  of 
rovings  which  are  to  be  spun. 

rig.  664  is  a  cross  section  of  tliis  machine,  showing 
the  spinning  parts ;  the  carriage  is  shown  by  full  Hnes 
in  the  position  nearest  the  roller  beam,  and  by  dotted 
lines  in  the  position  when  fidly  run  out.  A  is  a  triple 
set  of  drawing  rollers,  working  ia  heads  fixed  upon 
the  roller  beam,  b;  c  is  tbe  creel  for  holding  the 
roving  bobbins  in  3,  and  sometimes  4  rows,  one  over 
and  behind  another.  To 
lessen  the  friction  in  un- 
^^inding  the  roving,  the 
lower  ends  of  the  bobbin 
skewers  stand  in  creel- 
steps,  or  small  conical  cups 
of  glazed  pottery.  The 
creel  and  roUer  beam  pre 


supported  by  frame  pieces  of  cast-iron,  as  at  D.    e  e  is 
tlic  caniago  to  wiiich  arc  attaclic.l  3  ..r  i  horizontal 
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or  ii-oii,  made  fast  by  screws ;  there  arc  also  diagonal 
braces,  and  other  contrivances  to  prevent  warping  or 
vibration.  Upon  tliese  planks  is  built  a  frame-work, 
c,/l,  in  front  of  which  are  fixed  the  top  bushes  and 
Ijottom  steps  of  the  spindles,  i.  The  spindles  are  set 
in  an  inclined  position,  sloping  towards  the  roller 
beam,  so  that  in  revolving  the  threads  may  be 
twisted  round  their  points  without  being  wouiul 
upon  their  surfaces  during  the  coming  out  of  the 
carriage;  e  are  little  pulleys  called  wharves,  fixed 
upon  the  under  part  of  the  spmdles,  each  at  a  different 
height,  throughout  a  range  of  8  or  IG  adjoining 
spindles,  k  is  one  of  a  series  of  drum  cylinders, 
usually  made  of  tin  plate,  each  furnished  with  two 
grooves  round  the  upper  end  for  receiving  the  driving 
bands.  Their  smooth  sides  receive  and  work  the 
moving  bands  or  cords  of  two  ranges,  containing  from 
10  to  32  spindles.  The  uppermost  cord  impels  the 
first  spindles  of  the  adjoining  two  rows ;  the  second 
cord  moves  the  second  spindles  of  the  same  ranges, 
and  so  on  in  succession ;  /  is  a  long,  slender  iron 
shaft,  lying  in  the  bearings,  ff,  over  the  carriage  from 
end  to  end,  and  provided  with  small  arms,  /ih,  called 
the/allers.  Tliese  bear  the /a/fer  ?<;;>«,  which  serves 
to  depress  all  the  threads  from  the  points  of  the 
spindles,  as  in  the  dotted  lines  under  i,  and  to  bring 
them  upon  a  level  with  the  bottom  of  the  cop  in  the 
act  of  winding  on.  The  wire  being  then  gradually 
raised,  the  thread  is  drdy  distributed  upon  the  cop. 
To  assist  the  spinner  in  applying  the  faller  wire  so 
as  to  coil  on  the  yam  with  regularity,  there  is  another 
wire  called  the  counterfaller ;  this  consists  of  lever 
arms,  I,  with  the  fulcrum  attached  to  the  framework : 
these  arms  bear  at  their  points,  m,  a  wire  which  ex- 
tends horizontally,  like  the  faller,  from  end  to  end,  but 
beneath  the  surface  level  of  the  threads.  On  the 
other  ends  of  these  levers  are  weights,  n,  which  cause 
the  wire  m  to  rise  so  as  to  balance  the  tlu'eads  after 
they  are  depressed  bythe  faller  wire,  i,  and  to  straighten 
them  when  loose.  The  carriage  is  di-awu  out  by  a 
rope,  z,  passing  rotind  2  horizontal  pulleys,  only  one 
of  which  is  sho\vu  in  Fig.  661,  and  this  is  in  front  of 
the  mule,  at  the  spot  to  which  the  carriage  con 
completing  its  stretch:  tliis  pulley,  r,  turns 
upon  an  upright  stud  in  the  floor.  :,  1  !•!•  onl  i-miul 
a  bolt,  a',  attached  to  the  carri  _      i       1  ■  il's 

receive  their  whirling  motion  all  K .  '   .■  i.    .:,o 

out  and  in  with  the  caiTiage  by  inrah.i  m  a  ui.iUuct 
band  passing  roimd  a  twist  pulley,  provided  with  6 
grooves  of  progressively  increasing  diameter,  calculated 
to  vary  the  whirling  velocity  of  the  spindles.  This 
pulley  is  situated  in  the  head-storl>  .i'  i'm  1-  .  i.  -  f  llic 
mule,  not  shown  in  the  figure,  1  ■iid 

proceeding  from  it  passes  ovci    i  l'  '        iinl 

then  over  the  top  grooves  of  f  h  r  i!iu,  i  ,  i,,  lin-  diiv- 
ing  all  the  drums  on  the  right  hand  side  of  the 


carriage ;  the  band  then  returns  rouud  their  second 
grooves,  and  passes  to  the  dnims  at  the  left  hand  side 
of  the  carriage.  After  driving  all  the  drums  there, 
it  returns  to  the  middle  of  the  machine,  and  passes 
over  guide  pulleys  to  the  horizontal  pulley,  q,  which 
revolves  freely  on  the  same  upright  bolt  with  the  rope 
pulley,  1',  and  from  thence  proceeds  to  the  twist 
pulley.  By  this  contrivance  the  band  is  always  of 
the  same  length,  whether  the  carriage  bo  in  or  out, 
and  the  drums,  K,  which  work  the  spindles,  are  thus 
continued  in  motion,  at  whatever  point  of  its  course 
the  carriage  may  happen  to  be.    Tig.  665  will  convey 
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a  general  idea  of  the  working  of  these  band  coils,  n 
is  tlie  twist  pulley,  q  the  end  pulley,  k  the  carriage 
drums,  and  ee  the  carriage.  It  will  be  seen  that  the 
carriage  can  be  moved  backwards  and  forwards  between 
the  fixed  centres  of  the  pulleys  k  and  Q,  while  the  coils 
of  the  band  continue  to  move  rouud  the  drums.  It 
must  be  remembered,  however,  that  the  revolving  parts 
do  not  lie  in  one  plane  as  in  Fig.  665,  bnt  in  different 
planes,  the  band  being  conducted  over  guide  pulleys, 
wherever  a  change  of  plane  occurs.  There  are  many 
other  parts  of  this  machine  which  deserve  to  be  further 
illustrated.  The  reader  will  therefore  find  in  the  Ar- 
FENDK  a  description  of  Macindoe's  self-adiiu/  mule, 
with  the  working  parts  represented  in  two  steel 
engravings.  The  maeliine  above  referred  to  is  not 
self-acting.     Its  general  working  is  this  :— 

While  the  rollers  are  delivering  the  drawn  out  roving, 
the  steam-engine  moves  out  the  carriage  with  a  speed 
somewhat  greater  than  that  of  the  front  rollers ;  this 
excess  of  velocity  is  called  the  gain  of  the  carriage, 
and  its  object  is  to  render  the  yam  level,  by  allowing 
tliicker  parts  of  the  yarn  to  be  extended  while  they 
afld  the  thitmer  parts  are  being  t-nasted.  Wlide  the 
carriage  is  being  thus  moved  out,  the  spindles  revolve 
with  moderate  velocity,  and  twist  the  roving  into 
yam ;  but  when  the  carriage  has  moved  out  about  45 
or  50  inches,  according  to  the  fineness  of  the  work, 
the  machine  is  so  contrived  that  the  rollers  stop  and 
cease  to  deliver  thread.  The  carriage  is  then  slowly 
moved  to  the  end  of  its  coui-se,  while  the  velocity 
of  the  spindles  is  nearly  doubled,  thereby  giving 
such  additional  twist  (eaUed  the  stretching  or  the 
second  draw)  to  the  yam  as  may  smt  it  for  the  par- 
ticular purpose  for  which  it  is  intended ;  a  greater 
twist  being  given  for  warp  than  for  weft,  and  for 
bobbinet  and  book  muslin  yams,  than  for  the  yarns  ot 
softer  fabrics.  The  carriage  being  drawn  out  to  the 
end  of  its  course,  thereby  stretching  the  threads  to 
the  full  extent  which  they  will  bear  without  breaking, 
it  is  stopped,  but  the  spindles  continue  to  revolve  till 
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the  requisite  quautity  of  twist  is  given,  aud  this  is 
regulated  by  the  tvvist-wheel  having  completed  a 
certain  number  of  tui-us.  A  linger  fastened  upon  the 
twist-wheel  disengages  a  catch  whereby  the  driving 
strap  is  allowed  to  pass  to  the  loose  pulley,  and  the 
whole  machinery  stands  still.  The  spinner  then  turns 
a  ^^'inch-haudle  acting  on  a  pulley,  which  moves  all 
the  spindle  drums  at  once,  and  thus  causes  the  spindles 
to  turn  a  short  space  backwards,  for  the  purpose  of 
taking  off  the  slant  coils  from  the  upper  ends  of  the 
spindles,  and  to  prepare  for  distributing  the  54  or  56 
inches  length  of  yarn  just  spun  properly  upon  them. 
Tliis  reversing  of  the  spindles  is  called  backing  off. 
Tlie  spinner  then  seizes  the  faller  rod  with  his  left 
hand,  aud  gives  the  faller  wire  such  a  depression  as 
to  bear  down  all  tlic  threads  before  it  to  a  level  with 
the  bottom  of  the  cop  of  yarns  which  is  being  formed 
round  tlie  spindle.  While  the  left  hand  of  the  spinner 
is  thus  employed  in  the  delicate  operation  of  de- 
pressing the  faller  wire,  his  right  hand  is  slowly 
turning  the  handle  of  the  pulley  in  commuuica- 
liou  with  the  spindles,  so  as  to  give  them  a  whirling 
motion  in  tlie  right  direction ;  at  the  same  time  the 
spimier  applies  his  knee  to  the  caniage,  and  pushes 
it  in  at  the  proper  degree  of  speed  required  to 
supply  yarn  to  the  spindles  as  they  wind  it  on 
the  cop.  "  Tlirce  simultaneous  movements  must  be 
here  very  delicately  and  dextrously  performed  by  the 
muIe-spinncr ;  first,  the  regulation  of  the  faller  or 
guide  wire,  continually  varying  in  obliquity ;  secondly, 
the  rotation  of  the  spindles,  perhaps  1,000  iu 
number,  at  a  measured  speed ;  and  thirdly,  the 
pushing  ill  of  the  carriage  at  such  a  rate  precisely 
as  to  supply  yam  no  faster  than  the  spindles  take  it 
up.  In  fine  spinning  upon  a  mule,  where  nearly  1,000 
threads  are  spun  at  once,  of  almost  invisible  tenuity, 
the  skill  and  tact  required  in  the  operator  deserve 
no  little  admiration,  and  are  well  entitled  to  a  most 
liberal  recompense.  In  the  process  of  winding  on, 
so  as  not  to  break  the  threads,  aud  in  coilmg  them 
into  the  shapely  conoid  or  cop,  the  talents  of  the 
spinner  are  peculiarly  displayed.  As  the  carriage 
approaches  to  its  primary  position  near  to  the  roUer- 
beam,  he  allows  the  faller  wire  to  rise  slowly  to  ifrs 
natural  elevation,  whereby  the  threads  once  more  coil 
slantingly  up  to  the  top  of  the  spindle,  and  are  thus 
ready  to  cooperate  in  the  twisting  aud  extension  of 
another  stretch  of  the  mule.  Having  pushed  the 
carriage  home,  the  spinner  immediately  sets  the  mule 
again  in  gear  with  the  driving  shaft,  by  transferring 
thesliii|.Vn.in  IV'  1..,  r  I..  il:r  I'.st  .sieam  pullcy,  and 

thusf.il i  r  .  .     :i  ■  I i;l  .  I  iiiu  of  operations. 

ItisdiiiiM'  i!r;  ,!■,,■  I !ip  carriage  starts 

that  tlirlml,  ',;i:l,'  |,,v,  1-.  ;iir  -rni  skipping  from 
point  to  point  to  mend  the  bioken  threads.  Whenever 
it  has  receded  a  foot  or  two  from  the  deliveiing  rollers, 
the  possibility  of  piecing  the  yarn  being  at  an  end, 
the  children  have  an  interval  for  repose  or  recreation, 
which,  m  fine  spinning  at  least,  is  three  times  longer 
than  the  period  of  employment.  The  spinner,  likewise, 
has  nothing  to  do  till  after  the  completion  of  the  ! 
fresh  range  of  threads,  when  he  once  more  laHs  off  \ 
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the  shinting  coil,  and  winds  on  the  stretch."  By 
wmding  successive  portions  of  thread 
upon  the  spindle,  the  cop.  Fig.  666,  is 
formed,  which,  when  sufficiently  large, 
is  slid  off  the  spindle,  and  is  sent 
into  the  market  as  cop-yarn.  A  very 
large    portion,    however,    especially  >;! 

that  intended  to  be  dyed  or  ex- 
ported, is  unwound  from  the  coj'' 
upon  reels,  and  then  made  up  inio  j 

skeuis  or  hanks.     Considerable  skill 
is  required  in  giving  the  cop  such  a 
shape  as  may  facilitate  the  windiut,'     '  ,;  -.  .  ^    ' 
off,  either  in  the  shuttle  or  upon  the        ^jiiy 
reel.    The    foundation  of   the  cop,  ^^ 

which   is   first  formed,   is   a  double  1  i 

cone,  (7,  d,  b,  c;  upon  the  upper  part        F'n.  m;. 
of  this  the  cone  is  built  upwards,  so  as  to  form  a 
cylindrical  middle  part,  a,  b,  e,f. 

One  man  attends  to  two  mules,  gruduag  in  the 
carriage  of  one  mule  by  hand,  while  the  carnage  of 
the  other  is  bemg  moved  out  by  the  steam  engine. 
The  children  who  join  the  broken  threads  are  called 
pieccrs  or  pieceiiers.  There  is,  also,  a  child  called  a 
scavenger,  whose  business  it  is  to  collect  all  the  loose 
or  waste  cotton,  called/y,  which  lies  on  the  floor, 
or  hangs  about  the  machinery.  This  is  chiefly  used  in 
cleaning  the  machinery.  It  is  calculated  that  the 
waste  of  material  from  the  different  machmes  in 
spuming  cotton  amounts  toljoz.per  lb.,  or  nearly ^Ih. 
It  is  the  duty  of  the  piecer  to  join  the  broken  ends 
of  the  threads  as  the  carriage  moves  from  the  upright 
frame.  The  breaking  of  the  threads  depends,  in  some 
degree,  on  the  temperature,  aud  the  state  of  the 
atmosphere.  Sometimes,  during  an  east  wind,  the 
threads  break  faster  than  the  piecers  can  join  them  ; 
and  it  is  uot  impiobable  that  the  rapid  whirling  of  so 
many  thousand  pieces  of  machmeiy  pioduces  in  veiy 
dry  weather  a  large  amount  of  electiicit\,  ^^hlch  may 
prevent  the  propei  spinning  of  the  fibres  At  such 
times  it  is  not  uncommon  to  keep  the  atmosphere  of 
the  room  moist  by  jets  of  steam,  and  to  mamtain  a 
temperature  of  fiom  6S°  to  lb"  Lukul  hue  yarn 
cannot  well  be  spun  at  1 1         I      | 

It  will  be  seen  by  the  d)  \     I       I      1  1  i  ible 

skiU  is  required  on  the  i     l     l     I       ]  m  the 

management  of  the  mule      il     d  1  I  i  this  kind 

of  skilled  laboui  his  eu  djkd  the  spimui''  I  i  command 
high  wages,  aud  a',  piospciit\  rcquiics  a  hrgcr 
amount  of  selt  knowlod^e  lud  sclt  coutiol  than 
adversity,  so  the  -iMllpul  vpinneis,  mtoxicated  by 
success,  frcquentU  cnmmdtid  the  foolish  acts  of 
drunken  men.  As  the  qmlitv  rf  the  yam  depended 
upon  the  care  ni  1  Ituili  u  of  the  spmner,  it  was 
thou'^lii  ihii       I  lie  bvmachmery  that  which 

reqiihv  I     I,  I         1   1   the  spinneis   on  many 

occasin!  I    r  for  the  pui pose  of  com 

pellin^  Uicii   1.1  1     oiint  such  wiges  as  they 

chose  to  dciiiaud,  ind  to  iccept  such  an  imount  of 
labour  as  they  chose  to  gnc  Thus  the  mill  owners 
were  subject  to  gieat  diairi  uigement  of  busmcss,  and 
consequent  loss,  from  tlve  frequent  "tuin  outs"  of  the 


piiinLr     I\   \\hLli  not  only  Mcie  the  i   as  i  t  uts 
tlirown  out  of  eiiii  loy  but  also  the  peiswib  cmj  IojlJ 
m  the  prepaiatoiy  processes  of  eliding  loviug  &c   all 
ot  -vhom  \^eiL  lu  the  majouty  of  cases  compelled  re 
luctintly  to  cease  from  woi king     s  11     p    lirt     f 
(heir  laboiu  w  is  not  lequiied  s    1 
itiudiucd  idle     The  spmneis   1 
<imple  means  consequent  on  h    1 
continue  the '  st  likes 'for  long  1   i  I  1 

past  successes  led  them  to  sujiose  thit  tl  y  al  i 
ttcie  c-ipible  of  directing  and  contiolliiig  the  move 
I  icnts  ol  the  mule  jenny  the  \  due  of  which  if  it  h  d 
any  in  thcu  eyes,  depended  upon  the  amount  of  skdl 
which  they  thcmseh  ts  biought  to  bear  upon  it  they 
thought  til  it  tliLy  were  necessary  to  the  mule,  not 
that  the  niulo  was  ncce  saiy  to  them  Theycoidl 
not  iise  to  the  iLlleetion  that  the  amount  of  luventn 
thought,  highh  tiained  mechanical  skdl,  and  wdl 
applied  science  which  had  been  brought  to  bear  upou 
tl  lb  n  a  1  li  1  the  moment  when  the  apparent  1\ 
I    I  f  the  ni  setting  of  a  domestic 

I  1  the  invention  to 

uik,  the  more  unweauedly  and 
lie  1      s  the  spmneis  wcie  the  moie 

lehictoiy  ludtheiiiuic  tioublesometotheii  employeis 
Many  attempts  had  been  made  to  produce  a  self  acting 
mule,  but  will      t  s  untd  AIi   R  b  its  of  the 

cekbratclf  \  1       nnkcis 

succeeded  t  the  self 

acting  mul  ts  called 

m  Lancasl  1  1        not  oidy 

does  the  wtik  ot  tlie  sjuii^  i  ulc  without  the 
assistance  oi  attendance  of  any  one  except  the  bttL 
piecer,  but  does  it  m  a  moie  peifect  and  complete 
manner,  and  produces  a  lar(,ci  quantity  of  yam  The 
cops,  also  aie  firmer  and  ot  bettei  shape  and  eonta 
a  higer  quantity  of  yiin  than  cops  of  equal  siz 
\oiul  1}  tl  111  1  andmweavmg  the  supeu  i 
I  II  11  ws  the  loom  to  be  woiked  it 

1  \  cloth  of  I  superior  quabty  is 
I     ntity      As  mechanicb  become 
I  I  will  understxnd  the  pimciplcs 

whcl  uti  It  the  demand  and  supply  of  hbour 
the  enijiloycd  have  to  consult  the  inteiest  of  the 
employei  as  much  as  then:  own  and  unless  tlitie  is  a 
mutual  interchange  of  good  offices,  both  must  suffer. 
"  Strikes  "  and  "  turn-outs  "  have  in  many,  if  not 
most  of  the  useful  arts,  led  to  the  invention  of 
lughly  ingenious  machines,  which  have  superseded 
labour,  or,  at  least,  skilled  labour,  so  tl,  ,t  tl-- 
workmen  who  combine  against  their  i  >  '  ■ 
eventually  injure  themselves,  and  even  ; 
their  own  occupation.  It  is  not  unusual  fur  |  ,  nir. 
engaged  in  the  Useful  Arts  to  see  the  succi  s^l'ul 
experiment  of  producing  by  machinery  an  iuiportiint  I 
part  of  an  article  in  most  extensive  use,  which  had 
hitherto  been  supplied  entirely  by  baud,  and  to  which 
self-acting  machinery  was  thought  inapplicable.  The 
workmen,  although  (or  because)  in  the  receipt  of  good 
wages,  had  long  been  very  troublesome  to  their  em- 
ployers. Wc  regret  exceedingly  the  thought  that  they 
will  not  have  the  opportunity  of  being  so  much  longer.  \ 


'ON  4G9 

RLtLiNP— The3arnwlucl  sw  un  1  h  tl  e  throstl" 
upou  bobbins  and  by  tUt,  mule  is  foiincd  into  ooos 
IS  if  intended  foi  waips,  wound  off  into  measuied 
lengths  of  8-tO  vuds  called  banks  This  is  done  by 
means  of  a  six  sided  iccl  1-V  vaid  in  cucumference, 
iiouited  in  a  cam  ige  which  caiues  the  spmdles  or 
kcweis  that  bcai  the  bobbins  oi  cops     the  cania_,e 


his  a  slow  tiaveise  motion  paiailel  to  the  a\is  of  the 
icel,  for  propeily  distubutmg  the  thiead  upon  its 
surfice  The  woman  who  attends  to  the  machine, 
watches  the  i evolutions  untd  a  check  is  stiuek, 
which  Is  done  when  the  wheel  has  completed  SO  tuins, 
and  as  the  cue  nfeience  of  the  wheel  is  1-i  yaid 
I        f  ;  of  liO  yaidsis  thusioimed,  7 

a  hank  of  S40  yards     The  h  inks 
I  ud  w^th  a  stung  to  sepaiate  and 

I  Lof  the  aims  which  keep  the  lee 

dist  11 1  I  IS  1  isLued,  and  the  hanks  aie  sbd  off  by 
hand  and  a  fresh  set  is  wound  as  befoie  The  size 
of  the  yam  is  asoei tamed  by  weighmg  the  hanks  in  a 
balance  called  a  quadiant  T  iblcs  are  also  pubhshea 
for  leadily  ascertainmg  tlie  numbei  of  hanks  to  the 
pound,  but  the  followmg  rule  is  piactic  illy  collect  — 
Divide  1  000  giains  by  the  uumbei  of  gia  us  m  a  ley 
and  the  quotient  wdl  give  the  number  of  hanks  to  the 
pound.  This  loile  is  founded  on  the  fact  that  a  ley  is 
l-7th  of  a  hank,  and  that  1,000  grains  is  equal  to  l-7th 
of  a  pnnnd.  The  usual  average  number  of  hanks  to  the 

! i;,l  Is.  r.rr,>;,i-.'  ^n^nhi-,  fi'om  10  to  40,  but  for 

.,>   :  I'  ,      i! '.' -wicks,  coarse  counter- 

-  as  2  hanks  to  the  pound 
:iiv  ■  i:,,i:  .  ■  liiv,!  ViMi  f,f  from  4  to  6  hanks  is 
(irtcii  exported.  The  hif;licst  number  usually  e>btained 
in  fine  spinning  is  300  to  400.  Indian  muslin  is  spun 
by  hand  so  fine  that  30  ells  weigh  less  than  4  ounces ; 
and  some  of  the  broad  webs  may  be  drawn  through  a 
moderately-sized  ring.  The  work  is  said  to  be  more 
like  that  of  insects  than  of  men,  and  almost  justifies 
the  Eastern  term  applied  to  it,  of  trore/i  wind.  Threads 
of  this  manufacture,  when  examined  by  the  microscope, 
were  found  to  surpass  our  machine-made  muslin  in 


fineness,  but  to  be  inferior  in  regularity.  Twentj 
jai-ds  of  the  yarn  of  this  muslin  weighed  only  1  grain, 
and  a  pound  of  it  would  have  reached  the  length  of 
115  miles.  English  yam  has  been  spun  so  fine  that 
a  pound  would  extend  to  167  miles  in  length,  but  this 
could  not  be  woven  by  our  machinery.  Dacca  muslin 
has  been  sold  in  this  country  at  10  or  12  guineas  per 
yard;  but  by  the  use  of  proper  machinery  and  the 
division  of  labour-,  British  manufacturers  have  produced 
muslin  much  cheaper  than  the  Hindoos,  and  even  of 
finer  texture,  but  not  so  rich,  or  soft,  or  durable.  Indian 
muslins  are  seldom  seen  in  European  markets,  but  they 
are  still  preferred  in  the  East,  where  the  merchants 
say  they  can  distinguish  the  genuine  productions  of  the 
Indian  loom  by  the  touch,  and  even  by  the  smell. 

Each  size  of  yarn  is  sent  into  the  market  in  cubical 
packages  of  5  or  10  pounds  weight.  These  packages 
ai'c  closely  compressed,  so  as  to  diminish  the  bulk  of 
the  yam,  and  pieseive  it  from  injmy  The  packages 
are  made  up  m  a  smiplc  but  ingenious  machine,  caUtd 
n.  buiidbng  press,  Ei^'s  <jG\  fa69.  It  consists  of  a 
stiong  flame  of 

at(.d  beneath  a 
wooden  table  BB, 

\vhich  lb  pdcd 
the  y-un  ic  idy 
to  be  packed, 
and  ou  the  othei 
the  papeis   and 


0?  the  machine.     In  this  wood  are  gi'ooves  for  laying 
the  packthi-ead  or  twine,  the  loose  ends  of  wliich  ; 


seen  in  Fig.  668  hanging  down  between  the  spaces  of 
the  five  upright  flat  bars.  The  hanks  having  been 
slightly  twisted  and  neatly  folded  together,  and  put 
into  their  places,  as  in  the  figure,  the  top  rails  jjr^  an; 
lowered,  and  the  key-rods  pushed  into  the  slits  of 
the  rails.  The  man  then  turns  the  ii-on  cross  r,  which 
acts  upon  a  pinion  c  and  a  ratchet-wheel  furnished 
with  a  click  a  to  preve-nt  the  wheel  from  flying  back  : 
upon  one  of  the  radial  arms  of  this  wheel  is  a  con- 
necting-rod G,  the  upper  end  of  which  is  joined  by 
the  press-pkte,  wliich  must  therefore  move  upwards 
when  the  wheel  is  turned  round.  The  plate  is  fui-- 
nished  with  two  guide-bars,  which  move  between 
flanges  within  the  frames,  and  is  thus  carried  up  ver- 
tically. Wien  the  bundle  is  thus  sufficiently  com- 
pressed, the  man  binds  the  twine  round  it,  then 
pushes  the  click  out  of  the  ratchet-tooth,  and  the 
elastic  rebound  of  the  cotton  drives  down  the  press- 

Gassing. — Fiue  yarub  arc  ui^figm-ed  by  a  number 
of  loose  divergent  fibres,  which  require  to  be  removed 
m  order  to  give  them  that  level  compact  appearance 
wluch  is  required  in  the  manufacture  of  bobbm-net- 
lace  thi-ead,  and  for  hosiery.  The  removal  of  these 
loose  fibres  without  injury  to  the  yarn  would  seem  at 
fiist  view  a  hopeless  undertaking;  but  it  is  easily 
and  successfully  effected  by  one  of  those  clever 
dev  ices  which  so  often  excite  oui'  adinii'ation  in.  study- 
ing the  processes  of  the  useful  arts.  By  passing  the 
yam  rapidly  through  the  flame  of  a  gas-jet,  the  loose 
filaments  are  completely  burnt  off.  the  yarn  is  im- 
pioved  both  in  appearance  and  value,  while  it  is 
diminished  in  weight,  for  a  yarn  of  No.  90  thus 
becomes  No.  93,  making-  a  difference  of  5  hanks  per 
pound  by  the  operation  of  gassing. 

The  gassing-room  is  usually  situated  in  the  upper 
pait  of  the  niiU,  where  the  air  is  not  likely  to  be 
distui'bed.  A  large  number  of  jets  of  coal-gas  are 
burning  on  frames  that  occupy  the  length  of  the 
room :  the  jets  are  about  12  inches  apart,  and  above 
each  is  a  little  hood  or  chimney.  On  entering  the 
room,  the  smell  of  burnt  cotton  is  perceived,  and  on 
approaclung  oiin  rif  tli<^  framp*,  rach  flame  is  seen  to 
be  crossed  in  t",-  «!  'i  :  <  i 'iiiious  by  a  delicate 
line  apparently  ;i  ;.  :  !  ,  .  ,.  ;  .Uowing  the  course 
of  tills  thread,  it  ^^  m  i  h  i-<  i-h  .v,  l1  from  one  bobbin 
del,  Fig.  670,  \ihicii  is  rapuilv  spinning  round,  and 
to  pass  thi'ongh  the  flame  to  another  bobbin  or  cone 
il),  which  is  also  kept  in  rapid  motion  by  being 
pressed  against  the  tin  drum  e  which  is  moved  by 
means  of  the  strap  a.  The  intermediate  thread  is 
led  over  pulleys  backwards  and  forwards  through 
the  flame,  which  thus  singes  off  the  loose  fibres,  con- 
verting them  into  a  reddish  kind  of  dust,  which  is 
verv  iujuiious,  if  inhaled.  The  rapid  motion  of  the 
yam  through  the  flame  prevents  it  from  being  con- 
sumed. On  finally  emerging  from  the  flame,  it  is 
cleaned  by  passing  over  a  brush.  It  then  passes 
through  a  small  hole  or  notch  in  a  piece  of  brass, 
which  is  ingeniously  arranged  to  detect  any  knot  or 
foul  point  in  the  yarn.  The  hole  is  so  small  that 
there  is  but  just  room  for  the  yam  to  pass :  if,  there- 


fore,  a  knot  ( 
piece  of  bii^E 
witli  meclnmsi 


Jtlier  unijedmitut  occui  in  it  the 
depresatd  and  this  is  coimecttd 
1  ^vhich  suldenly  tuius  the  yii,  flame 


ide,  and  lifts  the  bobbin  away  fioin  the  rotatmg 


lig  671  will  fuithci  illusti  ite  theoe  anaugenieuts 
As  the  \  mis  lie  unwound  iiom  the  bobbm 


Inuel  The  yarn  thuo  lemains  it  lost  anl  the 
tentei  woman  mends  the  dtlect  and  sctb  tlip  Ijobbin 
in  motion  again  Thus  no  tune  is  lost,  foi  wlulo  the 
defective  thiead  stops,  all  ihe  otheis  aie  gom^  on  as 


DoTJBLUJG  AND  TWISTING  {llanufuduie  of  TheaiV) 
— The  woid  threuA  m  non  teohiacal  hugunge  is 
usually  appbed  to  a  thm  naiiow  Inir  rt  nv  fibion^i 
mateiidJ,  but  the  manufiotui  i   1  ill         I 

that  compound  coid  pioduce  I  1 
ing  two  or  moie  single  yam        ' 
kmds  of  thread  sueh  as  bobl  1 1  ' 

!  ig  thread,  sexoiug  thread  io  L  i"  1 1  k  1  w !  irh 
is  made  of  line  numbeis  of  yain  usually  fiom 
No  140  to  No  3oO,  consists  of  two  y  irns  twisted 
togethei  ;  sewing-thread  usually  consists  of  thiee  oi 
more  single  yams  twisted  into  one  ;  stocking -thread 
varies  in  the  number  of  its  yarns  according  to  the 
object  of  the  manufacturer. 

The  doubling  and  twisting  mill,  or  thread-frame,  is 
a  machme  resembling  in  many  points  the  throstle  of 
the  cotton-spinner  already  described.  The  doubling 
is  effected  by  spmdles  and  flyers,  and  the  twist  is 
usually  given  to  the  doubled  yarns  in  an  opposite 
direction  to  the  twist  of  the  individual  yarns.  The 
machine  boas  one  pair  of  rollers  for  the  purpose  of 
delivering  the  yarns  at  a  measured  rate  to  the  twisting 
spindles,  to  ensure  the  proper  degree  of  tension,  and 
to  promote  an  equable  torsion.  The  thread,  after 
being  twisted,  is  wound  upon  bobbins  mounted  loosely 
on  spindles,  the  bobbins  being  di-agged  round  by  the 
thread,  as  in  the  thi-ostle-frame  :  the  copping-rail  on 
which  the  bobbins  are  placed  has  the  usual  up-and- 
down  motion  for  ensuring  the  equable  distribution  of 
the  thread  over  tliem. 


they  aie  led  arios 
leiden  trough  filled  with  watci  or  i  wcik  solution  ol 
staich ,  this  weltuig  allowing  the  lines  of  yarn  to 
twist  into  a  moie  soha  thiead  On  cmeigmg  fiom 
the  tioiigh,  *hc  ^  11        ">         I  <    in  numbei    ac 

coiduig  to  the  1    n       1  i  '        1  aie  guided 

o\ti  a  lollei   wl  1  I  I   ci  iieaily  so, 

and  they  aie  then  I  i       i       Nclet   it  the 

extiemity  ot  tic  fl)  i  tl  i  q  1 1  i  \  iiit ions  of  which 
twist  tl  em  into  a  solid  coid  oi  thicid,  which  is  then 
w   uu  1  u]    n  the  bobbm 

The  thic  id  IS  nc\t  made  up  mto  hanks  for  djeni^' 
01  bleaching  as  nny  be  icquiied  and  when  dyed  oi 
Llexched  it  iswound  upon  bobbins  foi  the  piupcse  of 
hulling  01  teeh  ig  The  pioCLSs  ol  foimuig  the  fliieid 
into  balls  01  leds  is peifoimcd  with  wondeiful celeiity 
in  the  follo-^vmg  manner  A  young  woman  is  se  itcd 
at  a  kind  ot  tuining  lathe  with  the  bobbin  of  thicid 
m  nnte  1  ui  nn  a  sj  ludlc  il    vcheihead     she  seizes  the 

I    1        II       1       I  1      it  to  a  lod  of  steel  sets 

I  a  ball  ut  cotton  appeals 
1 1     lotation  IS  stopped  a 
it  111      end  a  further  quantity 

t  thi  1 1  WLUi  1  t:i  (.cuK  the  ticket  and  the  ball  is 
fmibhed  The  size  of  the  li  ill  is  leguhted  with  gieat 
aocuiacy  by  the  eye  The  numbei  of  balls  to  the 
pound  vaiies  fiom  16  to  GOO  ,  and  the  young  woman 
being  told  to  produce  a  certain  number  to  the  pound, 
makes  a  few,  weighs  them  until  she  has  got  the  exact 
size  by  weight ;  after  this  she  relies  entirely  upon  hei 
eye,  and  so  accurate  is  her  judgment,  that  the  varia- 
tion of  the  balls  in  weight  is  very  trifling.  The 
cotton  is  also  wound  upon  reels  with  surprismg 
celerity;  the  steel  finger  which  dilivcis  the  thiead 
from  the  bobbin  being  guidt'd  in  :  :  <!  im  i  ,  di  liilmte 
it  equally  along  the  baiTcl  uf  III'  .  ■  I;  iMniity 
here  also  is  judged  of  by  c\. ,  :;ii  to 

300  yards  in  each  reek  As  r;,,',  ,(.!  i,  iiiliil,  (he 
broken  end  of  the  thread  is  inserted  in  a  notch,  w  liich 
the  winder  cuts  for  the  purpose.  ReeKiig  is  not  such 
rapid  work  as  balling,  but  is  still  sufficiently  swift  to 
prevent  the  eye  from  following  the  motion  of  the 
thread.  The  chief  delay  in  both  cases  arises  from 
the  breaking  of  the  thread,  wliich,  during  the  writer's 
visit,  occun-ed  rather  often. 

The  reels  are  placed  on  end  in  a  kind  of  shallow 


m 


COTTON— COUPLINGS. 


di-awer,  aud  little  children  cut  out  ana  paste  on  tne 
labels.  These  labels  are  printed  on  sheets,  and  the 
back  of  each  sheet  is  covered  with  gum,  like  the 
postage  stamps.  The  children  stamp  out  the  labels 
with  a  circular  punch,  wet  the  back  of  each  against 
the  tongue,  aud  then  press  the  wetted  side  against 
the  end  of  the  reel.  Some  idea  may  be  fonned  of  the 
extent  of  this  business  fi-om  the  fact  that  a  slieet 
containing  Hi  labels,  printed  in  blue  and  gold,  and 
glazed,  and  then  covered  on  the  back  with  a  layer  of 
gum,  is  sold  for  one  penny.  The  smallest  bronzed 
cotton  bobbin-labels  are  sold  as  low  as  one  half- 
penny per  gross. 

The  balls  of  cotton  are  tied  up  in  small  flat  bimdles, 
each  containing  a  quarter  of  a  pound ;  the  proper 
number  is  counted  out,  folded  up  in  paper,  and  tied 
into  a  bundle,  ■nith  the  remarkable  speed  and  precision 
which  is  attained  only  by  long  practice :  four  of  these 
quarters  are  next  tied  up  into  pound  parcels,  which, 
after  being  labelled,  are  ready  for  tlie  wholesale 
market. 

The  amount  of  raw  cotton  imported  into  the  United 
Kingdom  daring  the  three  years  named  is  as  follows  : — 


In  1861  cotton  manufactures  were  imported  to  the 
value  of  £783.043. 

The  computed  real  value  of  the  raw  cotton  imported 
in  the  eleven  months  ending  30th  November,  1801,  is 
as  foUows  :— From  the  United  States,  £20,549,717 ; 
from  Brazil,  £550,652 ;  from  Egypt,  £1,279,840 ;  from 
British  East  Indies,  £7,278,537 ;  from  other  countries, 
£275,309  ;  making  a  total  of  £35,940,055. 

Within  the  same  period  the  value  of  the  import  of 
cotton  manufactures  not  made  up  was  £664,763. 

The  exports  of  raw  cotton  in  1S61  amounted  to 
2,062,947  cwts.,  and  of  foreign  cotton  manufactures 
to  the  value  of  £139,878. 

Our  exports  of  cotton  of  British  manufacture,  in- 
cluding calicoes,  cambrics,  and  muslins,  fustians  and 
mixed  stuffs,  were  of  tlie  declared  value  as  follows  : — 

£37,033,638        £40,346,342        £36,090,!93 
Lace  and  Patent  Net    .  .  value  £397,333    £343,329    £2S5,220 


The  number  of  yards  of  calicoes,  cambrics,  &c.,  ex 
ported  in  1861  amounted  to  2,559,903,766.  Thread 
for  sewing  in  lbs.  5,129,348.  Cotton  yarn  in  lbs. 
177.770,249. 

Our  best  customers  are  the  Hanse  Towns,  Turkey, 
America,  China,  and  the  East  Indies  ;  Holland  takes 
the  largest  quantity  of  yarn. 


COUPLINGS.  "\Vhen  a  line  of  shafting  is  ot 
greater  length  than  can  be  cast  or  forged  in  one  con- 
tinuous line,  the  ends  of  the  shafts  are  joined  together 
by  what  are  called  couplings  ;  they  are  also  used  to 
disconnect  parts  of  the  gearing  beyond  a  certain 
point  of  the  line,  and  also  to  comiect  and  disconnect 
particular  machines. 

It  does  not  appear,  at  first  view,  to  be  difficult  to 
unite  or  couple  the  ends  of  two  shafts,  so  as  to  make 
t  hem  act  as  if  they  were  one  piece ;  nor  would  it  be 
difficult  if  machinery  could  be  made  perfectly  true, 
if  their  parts  were  not  liable  to  wear  and  tear,  and 
the  supports  not  liable  to  settlement. 

The  most  simple  method  of  coupling,  is  to  make 
the  ends  of  the  shafts  square,  and  to  use  a  square 
coupling  box,  whose  interior  dimensions  shall  corre- 
spond exactly  to  those  of  the  ends  of  the  shaft,  so 
that  when  the  ends  are  in  their  places  in  the  box 
and  one  shaft  is  set  iu  motion,  the  other  revolves  with 
it.  If  it  be  required  to  transmit  motion  along  one 
shaft  only,  the  bos  can  be  slipped  back  on  one 
shaft,  and  the  one  which  is  disengaged  can  be  re- 
moved either  for  the  purposes  of  repair,  or  for 
giving  rest  to  machinery,  &c.  which  is  driven  by 
the  shaft. 

In  coupling  square  ends,  the  motion  will  of  course 
be  smooth  and  continuous  in  proportion  as  the 
shafts  are  in  a  straight  line,  and  the  ends  fit  accu- 
rately. Accuracy  iu  these  respects  is  difficult  to 
attain  in  large  machinery,  and  if  attained  in  the  first 
instance,  it  would  not  continue  long,  on  account  of 
the  wearing  of  the  different  parts,  and  the  settlement 
of  the  supports.  Hence  the  shaft  in  some  part  of 
its  revolution  is  lifted  off  its  bearings,  thereby  pro- 
ducing an  unsteady  motion,  and  much  straining  and 
wearing  of  the  couplings,  which  in  their  turn  suffer 
a:id  increase  the  evil. 

In  small  machinery  which  can  be  executed  with 
care,  and  where  the  wear  is  comparatively  small,  tlie 
square  coupling  box  can  be  n^ed ;  but  it  is  seldom 
employed  in  mUl-work.  An  excellent  coupling  is  a 
cylindrical  box,  in  which  two  pins,  at  right  angles  to 
each  other,  are  inserted  through  the  box  into  the 
shafts  to  connect  them  together.  This  joint  can  be 
made  with  greater  precision  and  at  less  expense  than 
the  square  coupling,  because  the  ends  of  the  shafts 
and  the  box  can  be  turned  in  the  lathe,  and  thus  be 
made  to  fit  with  great  precision.  There  is  no  wear 
in  this  kind  except  in  the  holes  and  pins :  the  latter 
are  easily  replaced,  but  as  they  cannot  be  made  to 
fit  so  accurately  as  at  first,  this  form  of  coupling  is  not 
much  used  for  heavy  shafting. 

Couplings  are  more  easily  applied  when  each  shaft 
has  two  bearings ;  but  it  often  happens  that  each 
shaft  has  but  one  bearing,  in  which  case,  a  neat  and 
compact  mode  of  coupling,  adapted  to  all  kinds  of 
shafting,  large  or  small,  is  the  half-lap  joint.  The 
ends  of  the  shafts  are  made  semi-cylindrical,  and 
fitted  together  so  that  the  tongue  of  one  fits  into  the 
recess  of  the  other,  thus  completing  the  cylindrical 
form ;  the  jomt  is  then  covered  with  a  thimble  or 
ring,  and  is  secured  to  it  by  a  key.    This  coupling  is 


accm-ate  and  durablo,  but  expensive  ;  it  is  much  used  I 
m  the  better  kind  of  millwi-iglit  work. 

For  shafts  witli  two  bear-  1 

!ugs,  a  method  of  rnu|,ll i-. 

1  shown    in    Fig.   >'•',  :        ! 


with  the  coupling-piece  D,  at  c  and  e,  by  nicaus  of  a 
cross-key  /  m  put  through  each  shaft,  the  ends  being 


2  circular   heads,    one    liavm- 
teeth,   and  the   other   corre- 
sponding indentations  to  ro- 
■'■'v- 1'"-'.  ceive  them.  Should  any  slight 

settlement  of  the  building,  or  other  cause,  depress 
one  of  the  bearings  or  raise  another,  so  as  to  throw 
the  two  shafts  out  of  a  straight  line,  these  joints 
admit  of  a  sHgbt  bending,  and  will,  notwithstanding 
this,  steatlily  communicate  the  motion  of  one  shaft  to 
the  other. 

A  coupling  first  used  by  Mr.  Murray  of  Leeds,  for 
connecting  a  long  line  of  shafts  which  carry  a  heavy 
strain,  is  sho\rn  in  Figs.  673, 674.  Shoidd  the  shafts 
be  out  of  line,  this  coupling  acts  as  a  sort  of 
universal  joint.  A  and  B  arc  the  two  shafts  united ; 
c  D  their  necks  or  collars,  wliich  lie  in  the  bearings ;  the 
ends  piojectmg  beyond  these,  have  two  boxes  ep 
fixed  on  them  by  a  square  with  wedges,  oi   bv  a 


-^ 


roand  part  with  a  fillet ;  one  box,  E,  has  a  piece  pro- 
jecting from  the  inside  of  it  on  each  side,  and 
extending  into  the  other  box  as  in  a  a,  Fig.  673, 
which  shows  the  inside  of  the  coupling.  The  box  v 
has  two  similar  pieces  projecting  from  it  at  b  b,  into 
the  box  E.  "Within  the  box,  the  iron  cross  c  c,  d  d 
has  screws  fixed  into  the  end  of  the  arms  by  which 
motion  is  communicated.  Now  when  the  shaft  A, 
and  the  box  e  are  turned  round  in  the  direction  of 
the  arrows,  the  pieces  a  a  act  against  the  screws 
fc  of  the  cross,  and  cause  them  to  revolve,  at  the 
same  time  that  the  other  two  screws  d  d,  at  the  other 
arms  of  the  cross,  press  against  the  pieces  /;  b,  which 
belong  to  the  box  f,  and  the  shaft  b,  thus  causing 


them  to  rotate  also. 

the  boxes,  and  thus  acts 

mnnicate  the  motion  of  oi 

c  c,  dd,  at  the  end  of  the  i 

that  the  acting  points  n 

thus   diminish  friction.     I'liii   ni 

Mr.  Murray  also    ii;' :   ■   ,. 
coupling,  which  requin       .    . 
length  of  shaft,    a, b,  iig.  IjI.j,  .^ 
each  with  a  pivot  at  the  end ;  the: 
into  the  coupling  box,  c  d  e,  bored 
ends  of  the  shafts,  and  turned  outside  with  a  neck  d  d, 
working  in  the  bearing.   The  shafts  A,  B,  are  connected 


s  quite  detached 
is  a  universal  joint  to  com- 
ic to  tlie  other ;  the  screws 
ross,  are  only  used  in  order 
ay  be  of  smooth  steel,  and 
Tliii  nictliod  of  coupling 
r,„l  uf  n.iv  .shaft. 
"   .'     I  i  r  method   of 

■     :!  iiii;-  for  every 
;.  iji'.j,  .iiL.  ;iic  two  shafts, 
pivots  are  fitted 
ide  to  receive  the 


which  means,  they  have 

a  little  freedom  of  motion  ''■'■  ''"'■ 

without   straining    the    bearing    in   which   D    runr., 

because  it  is  only  the  short  coupling-piece  which 

is  received  therein,  so  that  a  sliglit  deviation  from 

the   straight   line  does  not   produce    an   injurious 

Dr.  Hooke's     universal    joint,  ^ 

Fig.  676,  is  a  method  applicable  to 
light  machinery,  of  uniting  shafts 
which  are  inclined  to  each  other. 
Tlie  two  shafts  a  and  b,  within  the 
bearings  c  and  d,  terminate  in 
a  semicircle  or  fork;  g  is  a  c 
cular  iron  ring  within  4  pins 
pivots  a  a  a,  on  its  ciroumfen 
which  fit  into  holes  in  the  cuds 
of  the  forks,  thus  uniting  them 
togethei,  and  allowing  freedom  of 
motion  In  this  way,  a  rotatory 
motion  miy  be  conveyed  from 
the  shaft  to  another  when  they  have  a  con- 
siderable uiclmatiou,  but  if  tlie  angle  formed  by 
the  two  shifts  be  more  than  15  degrees,  it  is  ad- 
visable to  use  bevelled  wheels,  because  when  so 
much  inobncd,  the  universal  joint  works  with 
great  friction  and  irregularity  of  motion.  These 
joints  may  be  constructed  with  4  pins,  fastened  at 
right  angles  upon  the  circumference  of  a  hoop  or  a 
solid  ball. 

There  is  a  form  of  coupling  callcd/j7'c//o«  couplhitj, 
in  which  the  connexion  depends  simply  on  the  con- 
tact of  the  surfaces.  It  is  lu'l  iniili- .iM>  I"  lit-.ivy 
machinery,  but  in  certain  rii. n  i     iniue 

advantageous  than  any  other  i.    i  ■  ■      liy  its 

means  the  machinery  can  be  linuiiil  r,,i,  jn  t  luhave 
sufficient  friction  to  carry  on  the,  work  witli  the 
ordinary  resistance,  but  so  little  beyond  it  that 
should  an  accident  happen  or  any  thing  get  entangled 
with  the  machinery,  the  additional  resistance  \vill  stop 
that  part,  while  the  other  pait  continues  to  rot  ite, 
thus  preventing  damage  to  the  work  undei  oj  n  it  ion, 
and  injury  to  the  work- 


Fig.   C77, 


a  circular  plate  o  cast  oi 

the    eud,   fitting  into   a 

loose  box  on  the  end  of 

the  other  shaft  b  ;  bb  is 

a  collar  of  leather,  fitting 

wtliin  the  enlarged  end  of  the  shaft  b,  so  that  -n  hen 

tiie  nuts  a  a  are  screwed  up,  it  causes  the  bo\  to 

press    against    the    collar    of   leather,   and  by   its 

friction  puts  the  shaft   in  motion.     The  foliar  of 


COURT  PLASTER— CKANBERRIES-CRANE. 


featlier  is  sometiiucs  placed  at  the  end  of  the  shaft, 
as  at  c. 

For  various  methods  of  engaging  and  disengaging 
maehinery,  see  Geering. 

COURT  PLASTER.  A  black  stioldng-plaster, 
made  Ly  taking  ^ss  of  benzoin  and  5vj  of  rectified 
spiiit,  dissolving  and  straining  them ;  then  taking  Jj 
of  isinglass  and  Oss  of  hot  water,  and  dissolving  and 
straining  them  separately  from  the  former.  The  two 
are  then  mised  and  set  aside  to  cool,  when  a  jeUy  is 
formed,  which  is  to  be  warmed  and  brushed  ten  or 
twelve  times  over  a  piece  of  black  silk,  stretched 
smoothly.  Wlicn  this  is  dry,  a  finish  is  given  by  a 
^  i'l 'M  lif  "i\  r  Cliian  turpentine  in  5vj  of  tinotui'e  of 
I         .1      I  plaster  is  made  more  adhesive  by  the 

(  i;  \  \  i'.l.KKlKS.  The  fruit  of  a  species  of 
rdcciiiiiiiii,  a  family  which  produces  the  Whortleberry 
and  the  Bilberry.  Cranberries  are  very  abundant  in 
North  America,  aiul  in  the  northern  parts  of  B.ussia. 
They  are  also  found  in  mossy  bogs  in  different  parts 
of  Scotland.  The  Russian  cranberries  are  esteemed 
the  best.  The  fruit  is  red  and  about  the  size  of 
a  currant,  growing  on  a  diniiuutive  plant,  in  boggy 
situations.  It  makes  an  agreeable  preserve.  Our 
importation  of  cranberries  amounts  to  thirty  or 
IS  annually. 

for  lifting  heavy  weights. 
I  iiiii  Miii.iii:^  I"  II. Ill  I .  iiiparatively  recent,  the  oon- 
I      '    III  a  Mry  rude  and  inartificial 

1.  iu,,ilLi«:u..ij  ui  il!„  aihauuc  of  arts  and  manufactures, 
for  lifting  and  trausportmg  with  ease  and  rapidity 
ponderous  machinery,  stones,  timber,  and  vast  bales 
of  goods,  has  led  to  the  construction  of  instruments 
far  more  efficient  in  their  operation,  and  at  the  same 
time  more  skilfully  and  artificially  arranged. 

The  more  important  parts  of  a  crane  are  known  by 
the  names  following : — The  crane-post  or  stalk  (b  C 
Pig.  CSO)  is  the  upright  post  of  wood  or  ii'on,  on 
which  the  crane  turns.  The  jib  is  the  horizontal  or 
inclined  beam,  fi-om  the  end  of  which  the  weight 
hangs  (a  c  Pig.  6S0).  The  st.w  is  the  y,k-w  which  sup- 
ports the  jib  from  undemeaili  i  I  Vj  -  li.'i  ami  11^111, 
this  in  iron  cranes  is  usually  1 1  i  -  ,,,x, 

(AE.Pig.  OSO),  ofwronght-iiua.  , 1  ;,.,  jili. 

The  ba,vel  is  the  drum  or  run.-,  au.uua  uiiicu  I  lie 
chain  is  coiled. 

Cranes  for  landing-wharfs  and  quays  are  now 
usually  made  of  iron.  The  crane-post  is  a  hoUow 
pillar  of  cast-iron,  stepped  at  its  foot  into  a  cross- 
shaped  framing  of  cast-iron,  and  passmg 
A  through  a  similar  framing  at  the  level  of 
"j  the  ground.  The  extremities  of  the 
,  Pig.  078,  are  bolted  together 
j]  through  a  mass  of  masom-y,  so  as  to 
Fig.  C78.  render  it  impossible  for  the  crane  to 
move  or  overset.  The  jib  may  be  of  cast-iron,  in  the 
form  of  a  simple  piUar,  cross-shaped  in  section,  or  if 
the  crane  has  to  carry  a  heavy  weight,  it  may  assume 
the  form  of  a  deep  framing,  or  of  two  such  framings 
bolted  together  side  by  side.     The  jib  is  frequently 


made  of  a  pillar  of  wood,  supported  at  its  ends  in 
strong  sockets  of  cast-iron.  The  tension-bars  of 
wrought-iron  at  the  top,  form  eyes  to  enckcle  the 
pivot  of  the  sheave,  or  are  keyed  or  pinned  to  the 
upper  socket  of  the  jib.  At  the  bottom  they  are 
keyed  or  bolted  to  a  framing  of  cast-iron,  which 
carries  the  wheel-work,  and  which  turns  on  a  pin 
at  the  top  of  the  crane-post.  The  lower  part  of 
this  framing  tunis  on  a  collar  at  the  foot  of  the 
crane-post.  The  foot  of  the  jib  is  connected  to  this 
collar,  either  resting  entii'ely  upon  it  or  upon  a  wheel 
running  on  a  rail  of  iron  let  into  the  masonry.  The 
latter  plan,  as  it  throws  less  strain  on  the  crane-post, 
is  generally  used  with  heavy  cranes. 

The  wheel-work  depends  for  its  strength  and  the 
number  of  its  wheels  on  the  weights  to  be  raised. 
It  has  been  found  that  an  ordinary  laboui-er  cannot 
work  well  for  any  length  of  time  against  a  pressure 
of  more  than  15 lbs.  at  the  level  of  his  chest;  so  that 
whatever  be  the  weight  to  be  raised,  the  average 
stress  on  the  winch-hamlle  must  be  reduced,  by  the 
wheels  and  pinions,  to  this  pressure  for  each  labourer 
intended  to  work  at  the  handles.  The  winch-handles 
are  about  18  inches  in  radius,  and  a  good  height  for 
their  centres  from  the  ground  is  3  feet  or  3  feet  2 
inches. 

A  brief  examination  of  the  mode  of  application  to 
a  sunple  case  of  the  principles  which  regulate  the 
construction  of  cranes,  wiU  enable  om-  readers  to 
apply  those  principles  to  other  and  more  complex 
instances. 

Fig.  679  is  a  sketch  of  a  l^-ton  wharf  crane, 
constructed  by  Messrs.  Lloyd,  Poster  &  Co.  of  Wed- 
uesbm-y.    Fig.  678,  is  a  plan  of  its  foundation,  and 


Pig.  6S0,  a  diagram  of  its  principal  parts,  to  show 
the  distribution  and  resolution  of  the  strains. 

Beginning  with  the  chain  or  rope,  we  find  that  the 
strength  of  chains  of  medium  substance  varies  as  the 
square  of  the  diameter  of  the  bars  from  which  they 
are  made.  A  chain  with  plain  short  links  made  of 
one-inch  iron,  should  bear  a  weight  of  32  tons,  and 
a  similar  chain  with  studded  ludis,  nearly  40  tons. 
A  rope  of  3  inches  circumference  wiU  bear  about  2 
tons,  and  the  strength  of  ropes  increases  as  the 
squares  of  their  circumference.  But  neither  ropes 
nor  chains  should  be  worked  with  more  than  one 
half  of  the  weights  thus  given. 


The  total  strain  produced  by  the  load  and  its 
suspending  ehain  and  blocks,  (if  such  be  used,)  upon 
the  cud  of  the  jib,  may  be  resolved  by  the  parallelo- 
gi-am  of  pressures  (See  Cabpentey)  into  two  forces, 
one  straining  the  tension  bars,  and  the  other  com- 
pressing the  jib.  If  this  be  done  as  in  Fig.  680,  the 
force  on  the  jib  will  be  found  to  be  about  ij  tons, 
and  the  strain  on  the  tension-bars  about  3  j  tons,  with 
a  suspended  weight  w  of  li  tons. 

The  strength  of  the  tension-bars  varies  du:eotly  as 
their  sectional  area.  A  bar  of  good  English  iron  one 
square  inch  in  section,  wiU  break  with  about  20  to 
25  tons  of  longitudinal  strain.  But  as  it  is  perma- 
nently elongated  with  haK  tliis  weight,  it  must  never 
in  practice  be  exposed  to  more  than  |ths  of  it,  say 
10  tons  per  square  inch  of  section. 

The  jib  may  be  regarded  as  a  pillar  exposed  to 
compression  in  the  direction  of  its  length.  The 
strength  of  such  a  piUar  was  found  by  Mr.  Hodgkin- 
son  to  vai-y'  nearly  directly  as  the  foiu-th  power  of 
its  diameter,  and  inversely  as  the  square  of  its 
length.  The  following  rule  has  been  given  for 
Cndiiig  the  diameter  of  the  column  to  beai'  a  certain 

"  Multiply  the  sqiuu-e  of  the  1  nil;  I 'i  ;u  ii.i,  I.,  ihr 
load  to  be  borne,  in  pounds.     liiv,i>   '      I'  i 

modulus  of  elasticity  given  in  3.1 1 .  1 1  , ,  ;     :      :   : 

the  material  of  the  column,  rcduciu,^  iluo  m.jJia.io  lu 
its  value  for  feet  by  dividing  by  13^  or  172S.  The 
quotient  is  the  fourth  power  of  the  side  of  a  square 
pillar  which  wiU  bear  the  pressure.  If  the  pUlar 
is  to  be  round,  multiply  the  quotient  by  1.7,  and  then 
extract  the  foui'th  root.  The  result  is  the  diameter 
of  a  round  pillar."  =  Thus,  in  the  case  of  Kg.  GSO, 
if  the  jib  had  been  a  round  pillar  of  Riga  fu-,  the 
modulus  of  elasticity  of  a  mean  specimen  of  which 
is,  in  Mr.  Barlow's  tables,  145,000,  we  have,  since 
4|  tons  =  10,640  pounds,  and  the  jib  is  about  14:| 
feet  long  :— 

14:251'  X  10640 

"  =  294. 


145000 
1728    ^  -^^ 
Therefore,  if  the  jib 


203.06  X  10640 


839 
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The  values  of  the  modidus  of  elasticity  found  by 
Mr.  Barlow's  experiments,  are  to  be  regarded  as 
applicable  only  to  really  fine  specmiens  of  the  various 
materials.  Due  aUowanee  must  in  practice  be  made 
for  middling  or  faulty  specimens. 

The  strain  of  the  tension-bars  and  the  thrust  of  the  jib 
evidentlytend  to  break  the  crane-post  across  just  above 
the  gromid.  Each  of  these  oblique  forces  may  be 
resolved  (as  in  Fig.  CSO)  into  two  others,  one  hori- 
zontal, and  tendill^■  iiii  i  il\  (u  lj,<  k  the  post  across, 
the  other  vertical,  :  lincy  to  produce 

fracture.     Thcfr::!.  i    I.  ,,  :,,rdrdas ahoUow 

beam,  supported  ;ij  i;  ~  i  ;.  ruJ,  i,  ,,,i(l  f,  and  bearing 
at  an  intermediate  point  c  a  weiglit  equal  to  the  sum 
of  the  resolved  horizontal  forces.  These  in  our  figui-e 
amount  to  about  3  tons  and  2|  tons. 

The  resistance  to  ruptm-e  of  a  soM  cylinder  sup- 
ported at  both  ends  and  loaded  in  the  middle,  is 


3  to  be  squai'c,  its  side 
tnust  be  t/294  =  4:^  inches  nearly. 

If  the  jib  were  to  be  round,  its  diameter  woidd  be 
t/1.7  X  294  =  4i  inches. 

The  ends  may  have  their  diameters  lessened  by 
from  l-6th  to  l-7th,  so  as  to  give  the  jib  somewhat  of 
a  spindle  shape,  without  diminishing  its  strength.  The 
ends  should  not  be  rounded,  but  should  be  cut  quite 
square,  and  be  made  to  abut  very  evenly  on  the 
bottoms  of  the  cast-iron  sockets  into  which  they  fit. 
Experiments  have  shown  that  by  rounding  the  ends 
of  a  pillar  its  strength  is  diminished  to  one-third  of 
what  it  would  be  with  the  ends  flat. 


_  nSc^ 


determined   by  the    equatio: 

TV=  breaking-weight,  57  =  3.1416,  ^J^  modulus  of 
rupture  of  the  given  material,  to  be  t.aken  from  Barlow's 
or  other  book  on  the  strength  of  riialcrials,  c  is  the 
radius,  and  a  the  length  of  the  cylinder,  all  dimen- 
mm)!-.  1)1  iiiLj  t.ikon  in  inches.  Also  the  strength  of  a 
,  ■       i     I  Ijtars  the  same  ratio  to  tliat  of  a  solid 

!  !  1  !  ihi-  same  material,  as  the  difference 
IjlHulu  tlio  luutth  powers  of  the  outer  and  the  iimcr 
diameters,  divided  by  the  outer  diameter  of  the 
hoUow  cylinder,  bears  to  the  cube  of  tlie  diameter  of 
the  solid  cylinder.*  The  weight  which  any  beam  will 
bear  when  placed  at  its  middle,  is  to  the  weight 
which  it  win  bear  at  any  other  point,  as  the  square 
of  half  the  length  of  the  beam  is  to  the  product  of 
the  distances  of  the  point  of  suspension  from  tlie 
ends  of  the  beam.  These  results  give  the  breaking- 
weights.  The  working-weights  in  practice  should 
never  exceed  one-half  of  these  amounts. 

Figs.  679  and  6S0  show  the  manner  in  which  the 
foot  of  the  erane  is  embedded,  as  it  were,  in  a  solid 
block  of  masom-y.  It  is  evident  that  on  the  sufficiency 
of  this  block  to  resist  the  tendency  to  overturn,  pro- 
duced by  the  weight  of  the  jib  and  its  suspended  load, 
depends  the  whole  stability  of  the  structm-e.  To 
ascertain  the  sufficiency  of  the  block  for  this  pur- 
pose : — Since  the  whole  system  tends  to  overturn  on 
the  angle  E,  we  measiu'e  from  this  angle  the  moments 
of  the  two  opposing  weights,  wluch  are  here,  the 
block  of  masonry  with  the  body  of  the  erane,  and 
the  projecting  jib  with  its  load  w.  Therefore  we 
have,  by  the  equaUty  of  moments,*  calliiig   g  the 


■eight  of  the  block  of  masonry,  c  the  -weight 
rane,  and  a  the  v.  eight  of  the  jib  : — 

(C  +  G)  X  EF  =  (W  +  o>)  X  EH ; 
_(W-f 


.   C  +  G  = 


EF 


■WTience,  c  being  kno^^^l,  tlie  reqiiiicd  weight  of  G 
necessary  to  jirevent  overturning  with  a  given  -weiglit 
w,  may  be  found.  The  actual  weight  of  the  block 
should  in  practice  be  three  or  foui'  times  as  great  as 
tlie  result  thus  deduced. 

It  is  evident  that  if  the  jib,  instead  of  resting 
against  the  crane-post,  bore  against  a  circular  rail  let 
into  the  masonry,  as  shown  by  the  dotted  jib  in 
Fig.  680,  less  strain  would  be  thrown  on  the  crane- 
post.  This  is  commonly  done  in  cranes  intended  to 
lift  very  heavy  weights. 

The  journals  or  bearings  of  the  axles  should  be 
from  1^  to  3  times  their  diameters  in  length,  to  avoid 
cutting.  Their  diameters  must  be  determined  by 
their  required  power  to  lesist  the  torsion  of  the 
wheels.  The  resistance  to  torsion  varies  directly 
as  the  cube  of  the  diameter,  and  inversely  as  the 
length  of  the  rod  strained.  It  is  stated  that  a  force 
of  120  lbs.  acting  on  a  winch  handle  of  18  inches 
radius,  does  not  practically  twist  an  axle  2  feet  long 
and  1|  inch  in  diameter. 

The  journal  of  the  ciano-barrel  has  to  bear  the 
transverse  strain  of  the  weight.  The  rule  given  for 
determining  the  strength  of  axles  so  strained,  is  to 
make  them  proportional  to  the  cube  root  of  the  stress 
to  be  borne  in  hundredweights,  if  of  cast-iroUj  or 
proportional  to  the  cube  root  of  -^ths  of  this  stress 
if  of  wrought-ii-on.  Thus,  if  a  journal  has  to  bear  1^ 
ton  or  30  ewt.,  its  diameter  should  be  ^S0~=  3-Jj 


if  of  cast-iron,  or    i/^X  30  =  2i 


inches, 


Fig.  G81  shows  a  form 
of  crane  used  for  unloading 
light  goods  and  packages. 
The  power  is  communi- 
cated from  the  winch-drum 
by  a  rope,  which,  as  it 
uncoils  from  the  wheel 
above,  winds  up  the  chain 
oil  the  baiTcl. 

Fig.  682  is  a  sketch  of 
a  form  of  steam  crane  used 
at  the  Camden  To-wn  Rail- 
way Station.  A  steam- 
iw;/.  Gsi.  uuuDs  cRjsiu.  engme  keeps  the  shafting 
at  the  top  with  its  several  di-iving-wheels  in  motion. 
"VVlien  the  man  pulls  the  check-rope,  he  lifts  the 
crane-barrel  about  one  axle,  and  raises  the  wheel  of 
the  barrel  up,  to  press  against  the  driving  wheel 
above.  The  friction  between  the  two  wheels,  increased 
as  it  is  at  pleasure  by  the  man  below,  suffices  to  turn 
the  crane-barrel  aud  lift  the  weight.  If  the  rope  be 
slackened  so  as  to  lower  tlie  ciane-ban-cl  a  little,  it 
clears  the  driving-wheel,  and  yet  does  not  di-op 
into  its  bed,  where  it  would  rest  immovable.     In 


The  di-iving-whecl 
is    not    vertically 


traverses  longituduially  on  lails  by  means  of  a  winch 
aud  toothed  wheels.  If  both  windlasses  are  turned 
at  once,  it  is  evident  the  weight  -will  be  raised.  If 
one  be  uiraouud  with  the  same  speed  that  the  other 


winds  the  chain,  the  weight  will  neither  rise  nor  fall, 
but  smiply  traverses  towards  the  winding  side.  The 
action  of  this  crane  is  sufficiently  explicit  without 
any  detailed  description. 

At  Newcastle-on-Tyne,  Glasgow,  Liverpool,  and 
some  other  places,  the  pressure  of  a  head  of  water 
acting  upon  a  moveable  piston  has  been  employed  to 
lift  weights,  by  means  of  a  crane  arranged  somewhat 
as  shown  in  the  sketch.  Fig.  6S4.  e  is  the  jiipe 
which  supplies  the  water  to  the  crane,  a  the  cyim- 
der  and  piston  for  lifting  the  weight,  and  b  a 
smaller  cylinder  for  turning  the  crane  round  by  means 
of  the  rack  and  wheel.  The  admission  of  the  water 
to  this  last  cylinder  is  regulated  by  the  valve  c,  and 
to  the  large  liftuig  cylinder  by  the  valve  d.  The 
waste-pipes  and  cistern,  safety-valves,  and  relief-valves, 
are  not  shown  in  the  sketch.  The  piston  of  the 
lifting-cylinder  is  connected  to  a  single  pidley  moving 
on  a  bed  rail,  part  of  which  only  is  shown  in  the  sketch. 
The  chain  passes  over  this  pulley  and  two  other 
fixed  pulleys  before  passing  up  the  hoUow  crane-post, 
so  that  the  extent  of  motion  of  the  piston  m  a  i.s 
magnified  three  times  in  actmg  upon  the  cham.  The 
weight  may  therefore  be  lifted  tlirough  a  liigher  spaci.-, 
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but  Oi  course  \Yitli  proporti 
tailed  dcscriptiou  of  tliis 
Rudiiiicutaiy  Ticatise  oi 


work  is  tlie  same  as  in  the  common  wliai-f  crane,  b\it 
tlie  motive-power  is  supplied  by  a  small  steam  rvliuder 
and  piston  attacked  to  the  framework,  and  acting 
Tipou  the  wheels  by  a  connecting-rod  and  crank,  as  in 
the   steam-engine.    The  steam-pipe   passes  up   tlie 


e-pobt 


:nd  i: 


any  ailj. 


luhr  byi 


uf 


-\1  • 


It  has  1h,il  p  ,  II  .411.:; 
vacuum,  nuuiuuncd  consia.ith  by 
engine,  as  the  motive  power  of  era 
tiou  would  of  course  nearly  resei 
water,  though  it  would  be  less  i 


pumping  stcani- 
les.  Its  applica- 
ible  that  of  the 

jeable,  and  also 


e  limited  in  its  power,  as  the  pressure 
piston  could  ncYcr  exceed  that  of  the  atmosph 


11  about  15  lbs  per  square  inch 

Fig  0S5,  IS  a  dia-ning  of  a  double  crane,  which 
^ab  emplo-^ed  in  the  constiuction  of  the  pici   and 


Journal,  Pait  30,  Maich,  IS.U.     [bee  Al  1  .mjix.1 

CRANK,  see  Steam  Engine. 

CRArE,  a  transparent  fabric  made  of  raw  silk 
with  the  gloss  removed,  and  dyed  usually  black.  The 
weaving  is  very  simple,  and  the  dressing  is  finished 
with  a  stiffening  of  gum-water.     See  Silk. 

CRAYON,  see  Blacklead— also  ArrEUDix. 

CREAM,  see  Buiiek. 

CREOSOTE,  see  Kreasote. 

CRUCIBLES,  open  vessels  fur  the  leccption  of 
bodies  which  are  to  bo  subjected  to  high  temperatures. 
The  Alchemists  made  great  use  of  these  vessels,  aud 
wore  accustomed  to  impress  the  sign  of  the  cross  upon 
them ;  hence  the  name,  from  cn/.v,  crucis,  a  cross. 
Crucibles  are  of  vaiious  forms  and  materials,  according 
to  the  uses  to  wliioli  they  aie  api  hod  The)  aio  mostly 
of  eaithern-naie,  on  account  ol  the  economy  of  this 
material,  anditspowei  of  lesiblnu  i  hi^h  ti  in|u  1  ituie 
The  cheapest  aie  the  comiiu  n  /  n  tJe 

ot  a  tiiangulai  01  ciieul\i  i  I  the 

same  mateiial     They  beai   1  1  I  it   it 

a  very  high  tempeiatme  tli  I     aid, 

under  the  action  of  a  flux,  ti  /       inn 

(r««i/es  are  very  superioi  til  11  ling 

hii^h  tcmpciitmcs  and  tl  1   do 


111.  ■ 


b.     .         1  V  ,       i  1 

can  be  advanced  to  or  diawn  back  from  its  woik 
By  having  two  jibs,  the  work  of  unloading  and  placing 
the  stones  can  be  proceeded  with  very  rapidly.  The 
nippers  used  in  holding  the  stones  are  peculiarly 
applicable  to  sub-aqueous  works.  The  moment  the 
stone  rests  on  its  own  bed,  the  chain  slackens,  and 
the  nippers  release  their  hold.  Were  the  stones 
suspended  by  a  lewis,  a  diver  must  be  constantly 
employed  in  deep  water  to  release  the  stone  when 
placed. 

It  has  been  suggested  that  sfcam  may  be  used  in 
the  same  manner  as  the  water  iu  Fig.  GS4,  the  lift  of 
the  crane  being  completed  by  one  stroke  of  the  steam- 
piston  attached  to  the  crane,  and  not,  as  usual  in 
steam-cranes,  by  the  temporarily-applied  power  of  a 
small  steam-engine. 

A  very  efficient  form  of  crane  has  been  constructed 
by  Mr.  Neilson  of  Glasgow.    The  framing  aud  wheel- 


pcities  of  the  Hessiiu  Wedgwood's  ciiuibli'!  aie 
made  of  a  close  white  wiip,  they  aie  lonnd,  well 
foinied  and  finished  aud  then  coveis  ht  \mA\  They 
aie  liable  to  crack  by  being  htatcd  01  cooled  Bl te 
pots  or  black  lead  civcibUs  aie  made  of  a  mixtuie  of 
coaise  pliunbago  and  clay,  and  usuallv  of  laige  size 
They  bear  a  higher  temperatui-e  than  the  English 
crucible,  and  are  not  so  liable  to  crack.  They  also 
resist  the  action  of  fluxes  at  moderate  temperatures. 
They  contain  a  good  deal  of  iron  and  charcoal. 
Melting-pots  formed  of  Stourbridge  clay  and  pul- 
verized coke  bear  very  high  temperatures,  and  with 
care  are  not  liable  to  crack  in  the  fire.  Crucibles  are 
also  formed  of  platina,  pure  silver  and  iron.  The 
management  of  crucible  operations,  fusion  and  reduc- 
tion, are  described  in  Dr.  Faraday's  work  on  Chemical 
Manipulation,  Section  XIII. 

CRYSTAIiLIZATION  is  that  exertion  of  the  force 
of  cohesion  among  the  particles  of  a  solid,  by  which 
it  is  withdrawn  from  its  solution  in  a  liquid.  In  a 
great  variety  of  cases  the  particles  do  not  solidify 
into  confused  masses,  as  might   be   supposed,  but 


CRYSTALLIZATION. 


arrange  tliemse.ves  with  tlie  utmost  order  into  certain 
geometrical  forms  called  crystals.  Thus  if  a  portion 
of  the  water  of  a  solution  of  sugar  be  driven  off  by 
slow  evaporation,  and  the  concentrated  synip  be  left 
for  some  time  at  rest,  a  regular  soUdificatiou  takes 
place ;  the  force  of  cohesion  builds  up  the  solid  into  the 
symmetrical  well-known  forms  of  sugar-candy.  But 
if  the  process  be  hastened  or  disturbed,  we  get  loaf- 
sugar,  in  the  formation  of  which  crystallization  com- 
mences at  myriads  of  points  at  the  same  instant,  and 
neither  time  nor  space  is  allowed  for  the  particles  to 
expand  to  a  large  size  and  regular  outline. 

That  very  important  and  extensive  class  of  bodies 
known  as  salts,  crystallize  from  their  solutions  into 
forms  of  the  utmost  symmetry  and  beauty ;  and  these 
forms,  as  also  those  of  native  minerals,  or  those  met 
witli  in  nature,  are  characteristic  of  particular  salts 
or  minerals;  for  each  salt  or  mineral  miv  In  xnil  t^ 
liave  as  much  a  distinct  shape  of  it  ^  > 
plant  or  animal,  and  may  be  as  readilv  '' 
by  the  characters  presented  to  thi'  ci.  In 
common  salt  assumes  the  form  of  (he  cul)c;  alum, 
that  of  a  octohedron ;  saltpetre,  that  of  a  six-sided 
prism ;  epsom  salts,  that  of  a  four-sided  prism.' 
The  largeness  and  regularity  of  the  forms  of  crystals 
is  generally  proportional  to  the  slowness  of  the 
operation,  and  the  quantity  of  the  solution  ft-omwliich 
the  crystals  are  deposited.  !\r.iny  of  the  crystals 
which  have  been  fmiiir.l  In  :'.  1,  :ii,l  of  natm-e  have 
hitherto  resisted  i!  i         :,(■.     Thus  rock- 

crystal  is  found   i  I  ilrd  prisms,  the 

diamond  in  octulu  iIm:,.,  ,  ,  Iim  ihcsewere  most 
probably  produced  by  the  operation  of  forces  similar 
to  those  which  can  be  watched  and  studied  in  our 
laboratories. 

The  operation  of  the  force  of  cohesion,  which  binds 
the  particles  of  crystals  together,  is  determined  by 
apparently  very  slight  causes.  Thus  the  agitation  of 
a  saline  solution,  or  the  contact  of  some  foreign  sub- 
stance, or  especially  of  a  crystal  of  the  same  substance, 
will  cause  crystallization  to  commence.  It  will  nearly 
always  take  place  around  any  solid  centre  or  nucleus 
that  can  be  wetted  by  the  licpud.  In  the  manufaetm-e 
of  sugar-candy,  verdigris,  sulphate  of  copper,  prus- 
siate  of  potash,  &c.  strings,  twigs  of  wood,  and 
wires  are  placed  in  the  solutions,  and  may  generally 
be  found  in  the  centres  of  large  groups  of  crystals. 
The  use  of  the  nucleus  seems  to  be  this : — A  portion 
of  the  water  of  the  solution  attaches  itself  to  the 
solid,  which  it  wets,  and  is  thus  withdrawn  from  the 
solution,  the  crystallization  of  which  is  thus  deter- 
mhied.  Aji  instructive  example  of  this  is  seen  in  the 
common  alum  basket.  A  delicate  frame-work  of  a 
basket  or  some  other  object  is  placed  in  a  solution  of 


alum  or  of  sugar.  After  a  tune  it  oecomes  aliasket 
of  finished  gems,  the  crystals  glistening  with  their 
many  polished  facets.  In  the  manufacture  of  tar- 
raric  and  citric  acids,  the  rough  brown  crystals  of  the 
first  process  are  always  much  larger  and  bolder  than 
those  of  the  pure  transparent  products  of  the  last 


opev, 


e  first 


crystallized,  it  will  act  in  a  remarkable  mauuer  in  a 
mixed  solution  of  two  salts,  such  as  2  parts  nitre  and 
3  of  glauber  salt  (sulphate  of  soda)  dissolved  in  5  of 
warm  water.  If  two  bottles  be  filled  with  the  solu- 
tion, and  we  put  into  one  a  crystal  of  nitre,  and  into 
the  other  a  crystal  of  sidphate  of  soda,  and  place  both 
hi  ice-cold  water,  nitre  only  will  crystallize  in  the 
"111  .  :  vl  -III  ilialc  of  soda  iu  the  other.  This  property 


rcfrr( 


other  c( 


I  .1       -:iiiic  solufinn,  is  of  frequent  use  in  pu- 

I  I'  ii>-  ,'iJ  srparating  ci-ystalliuc  substances.  An 
ingenious  ])rocess,  introduced  a  few  years  ago  for 
separating  silver  from  lead,  depends  upon  the  pro- 
perty of  the  silver  forming  crystals  in  the  fused  lead 
before  crystals  of  lead  begin  to  appear.  [See  Lead.] 
The  effect  of  vibration  in  determining  or  modifying 
crystallization  is  exhibited  in  certain  cases  at  tempe- 
ratures far  below  those  reqiiircd  for  fusion  or  solution. 


step  to  crystallization.     "\V'        li  !>if(ted  to 

long-continued  vibration,   i  .  inrssure, 

its  tough  fibrous  characfrr  :ir.,,in,  rl,:iiL'pd  into 
a  coarse  crystalline  one;  that  is,  certain  of  the  fine 
crystalline  grains  become  enlarged  at  the  expense  of 
others,  and  tlius  the  cohesive  force  of  the  mass  is 
diminished.  Many  accidents  in  machinery  arise  from 
this  cause.  It  has  also  led  to  the  fracture  of  the 
axles  of  railway  and  other  carriages,  and  of  grind- 
stones, &c.  Even  the  iron  rails  of  a  railroad  may 
thus  become  weak  and  useless. 

Very  large  and  perfect  crystals  may  be  fonned  by 
repeatedly  transfening  a  crystal  from  one  saline  so- 
lution to  another  of  the  same  salt  a  little  more  con- 
centrated, evaporating  at  very  moderate  temperatures, 
or  even  spontaneously  at  common  temperatures.  The 
most  perfect  crystals  of  gems  are  met  with  in  natiure 
of  only  moderate  size.  The  larger  ones  are  less  clear, 
and  even  opaque,  and  the  faces  lose  their  smoothness, 
and  much  of  their  lustre.  The  emerald  sufficiently 
pure  for  jewellery  does  not  often  exceed  an  inch  in 
length,  and  is  seldom  so  much  as  this.  Clear  garnets 
fit  for  setting  are  seldom  half  an  inch  through. 
Transparent  sapphires  above  an  inch  in  length  are 
very  rare.  Quartz  ci^stals  sometimes  attain  a  very 
large  size.  There  is  a  quartz  crystal  at  Milan  which 
measures  3J  feet  in  lengt-h,  and  5J  in  circumference : 
its  weight  is  870  lbs. 

The  crystalline  arrangement  of  an  amorphous  block 
may  be  developed  in  a  pleasing  manner  by  a  con- 
trivance first  pointed  out  by  Professor  Damiell.  If 
we  take  a  large  lump  of  alum,  and  remove  from  it  all 
traces  of  external  crystalline  form  by  cutting  and 
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grinding,  and  place  this  in  a  vessel  of  water,  the  fluid 
will  at  iirst  act  upon  it  in  aU  directions  alike ;  but 
as  the  water  becomes  saturated  with  the  alum,  the 
salt  gives  way  only  or  chiefly  along  the  lines  of  least 
resistance,  which  are  determined  by  the  regular 
structure  of  crystaUine  arrangement.  Under  these 
circumstances,  the  surface  becomes  embossed  with  the 
forms  of  octohedrons  and  sections  of  octohedrons. 
Other  salts  present  analogous  phenomena,  and  metals 
which  have  been  slowly  cooled  fi-om  a  state  of  fusion 
exhibit  a  smiilar  regular  arrangement  of  their  par- 
ticles when  thus  dissected  by  the  action  of  acids.  A 
mass  of  nickel  thus  treated,  soon  becomes  covered 
with  tetrahedral  figures  of  great  relief  and  beauty 
by  the  action  of  nitric  acid ;  so  also  does  gold 
carefully  cast  and  cooled,  by  the  action  of  aqua  vegia. 
The  beautiful  forms  of  the  Moir^e  metalUque,  which 
formerly  excited  so  much  admiration  in  their  appli- 
cation to  ornamental  purposes,  were  produced  by  the 
action  of  weak  acids  on  common  tin-plate,  the 
different  colours  being  given  by  means  of  transparent 
varnishes.  The  cheapness  of  the  operation  soon 
brought  it  into  disrepute.  By  the  action  also  of 
dilute  muriatic  acid,  pvu'e  malleable  bar  iron  may  be 
dissected  into  bundles  of  fibres,  running  in  a  parallel 
and  unbroken  course  throughout  its  length;  while 
different  varieties  of  cast-iron  will  by  the  same  means 
present  congeries  of  plates,  and  a  structure  more 
nearly  approaching  the  crystalline.  By  thp  nf*ini'  r,f 
quicksilver  upon  a  small  bar  of  tin,  the  r-  ■  ' 
stiTicture  was  beautifully  shown  :  thebar^A,!  :  ,  i 
horizontally  in  the  mercury,  and  frequenllv  i m,. 
upon  its  different  faces,  so  as  to  ensure  unil'ormity  of 
action ;  in  about  24  hours,  fissures  appeared  along 
its  lateral  and  terminal  edges,  which,  by  gradually 
splitting,  resolved  the  bar  in  four  equal  three-sided 
rectangular  prisms,  which,  as  well  as  two  pyramids 
for  their  extremities,  could  be  separated  from  each 
other  by  the  point  of  a  knife.  A  similar  effect  may 
be  produced  by  careful  hammering  upon  bars  of 
malleable  metals.  If  square  bars  be  hammered  upon 
the  edges,  and  the  blows  repeated  round  them  so  as 
to  give  them  a  cylindrical  shape,  they  soon  become 
rotten  and  break  into  fibres :  but  when  the  blows  are 
directed  parallel  to  their  faces,  they  are  capable  of 
great  extension ;  but  many  of  them  by  alternate 
hammering  upon  each  face,  ultimately  split  along  the 
edges  in  a  manner  very  similar  to  that  which  is  pro- 
duced by  the  action  of  the  mercury  on  the  bar  of  tin. 
When  it  is  desired  to  give  a  round  form  to  any  part 
of  a  square  bar,  it  is  confined  ui  a  form  or  mould,  and 
the  mechanical  force  thus  applied  produces  an  equality 
of  pressure.  It  is  by  a  similar  equalization  of  the 
pressure,  that  some  metals  admit  of  being  drawn  into 
fine  wires  through  circular  holes  in  steel  plates. 

Some  crystalline  solids  slowly  change  their  internal 
structure,  as  already  noticed  ui  the  case  of  fibrous 
iron  changing  into  crystaUine.  Tor  example,  sugar 
which  has  been  rapidly  boiled  down  to  a  solid  con- 
sistence, as  in  barky-sugar,  is  transparent,  is  broken 
with  difficulty,  and  has  a  glassy  fractm-c.  After  a 
short  time,  it  becomes  opaque  and  almost  friable. 


Brass  wire,  as  already  noticed  [Bkass],  becomes  iu  the 
course  of  time  brittle  and  unfit  for  mechanical 
applications.  If  crystals  of  sulphate  of  nickel  or 
seleniate  of  zme,  iu  the  form  of  prisms,  be  laid  on 
paper  and  exposed  to  the  sun,  they  become  ui  a  few 
moments  opaque,  and  when  broken  up,  are  found  to 
consist  of  minute  octohedrons  with  square  bases. 
Fresh  sublimed  iodide  of  mercury  is  of  a  sulphur 
yellow  colour,  but  if  scratched  with  a  hard  substance, 
such  as  the  point  of  a  pin,  some  readjustment  of  the 
cohesive  force  takes  place,  and  the  colour  changes  to 
a  bright  red.  Some  kinds  of  sandstone  which  have 
been  used  as  the  hearths  of  furnaces,  from  long  ex- 
posure to  a  moderate  heat  acquire  a  crystalliue 
texture.  Many  vitreous  compounds,  such  as  the  slags 
of  furnaces,  form  into  globular  masses  of  radiating 
and  acicular  crystals.  Ai-senious  acid,  recently  fused 
or  sublimed,  is  usually  glassy  and  transparent,  but  it 
gradually  becomes  opaque,  white,  and  crystalline,  the 
change  commencing  at  the  surface,  and  proceeding 
slowly  to  the  centre.     [See  Aksenic] 

Light  has  a  powerful  action  in  influencing  this 
cohesive  attraction,  and  determiuuig  the  ci-ystalliza- 
tion  of  certain  substances.  Thus  iu  the  th-uggists' 
shops,  the  camphor  coutaiaed  m  the  glass  jars  in  the 
window  is  arranged  in  beautiful  crystals  on  the  side 
of  the  jar  nearest  to  the  light.  In  a  glass  vessel  con- 
taining a  saliae  solution,  capillary  crystals  shoot  up 
f'lil  :itlach  themselves  only  to  that  side  of  the  vessel 
'i  is  most  strongly  illuminated.  By  placing  a 
!  I  before  the  vessel,  the  line  between  light  and 
.L.  luss  will  be  found  distmctly  marked  by  the  Kmit 
of  crystallization.  Solutions  of  metallic  salts  exhibit 
tills  result  most  effectually. 

Such  are  a  few  facts  connected  with  the  important 
and  beautiful  science  of  Crystallography.  The  reader 
who  desires  to  study  this  must  consult  treatises  espe- 
cially devoted  to  the  subject.  A  knowledge  of  the 
detennmate  forms  of  crystals  is  very  useful  in  enabling 
the  mineralogist  to  distinguisli  one  mineral  from  an- 
other, and  the  chemist  to  distiuguish  between  the 
different  classes  of  salts.  The  manufactiu-er  .also 
avails  himself  of  crystallization  to  cleanse,  piu'ify,  and 
prepare  a  number  of  substances  usefiJ  in  the  arts, 
the  purity  of  which  is  often  judged  of  by  their  crys- 
talline forms. 

CUBE,  a  regidar  parallelopi))?il,  whnse  mils  are 
squares,  and  whose  height  is  i',\ii:,\  in  i!*.  hi.  nl'  its 
end.     A  box  of  equal  length,  1.  ,i  :    .       !i  is  a 

cube.     Being  the  simplest  i.l      .  .      ■       .'"-  is 

taken  as  the  measiu'ing  unit  ui  suLJ  cuuinii,  as  the 
square  is  that  of  superficial  content  or  area.  What- 
ever the  unit  of  length  may  be,  the  unit  of  solidity  is 
the  cube,  which  is  a  unit  every  way,  such  as  a  cubic 
inch,  a  cubic  foot,  &c.  A  cubic  or  solid  foot  contains 
172S  cubic  inches;  for  as  the  area  of  the  base  con- 
tains 144  square  inches,  and  as  the  cubic  foot  is  13 
inches  in  height,  it  would  allow  12  layers  of  cubical 
inches  to  be  piled  up  to  complete  the  figure,  or 
144  cubes  x  12  =  1728 :  hence,  to  find  the  solid 
content  of  a  cube,  we  must  multiply  the  area  of  its 
base  by  its  height. 


4S0  CUT] 

CUDBEAR,    See  AncniL. 

CUPEL,     See  Assaiing— Bone. 

CURRYING,     See  Leather. 

CUTLERY.  The  cutting  instraments  of  rude 
nations  are  shells,  flints,  and  sharp-edged  stones. 
The  stone  cells  found  in  the  barrows  of  our  island 
are  the  knives  of  the  ancient  Britons.  The  use  of 
iron  and  steel  was  blown  at  an  early  period ;  but 
brazen  instruments  being  more  easUy  fabricated,  were 
more  frequently  in  use.  There  is  no  record  of  the 
time  when  cutlery  was  introduced  into  Great  Britain. 
It  appears  from  the  Custom-house  books,  that  long 
before  the  time  of  Henry  VIII.  we  had  an  import 
trade  in  knives.  In  the  fifth  year  of  Ehzabeth,  this 
import  trade  was  restricted,  with  a  view  to  encourage 
the  home  manufacture.  At  that  time,  London  was 
the  chief  mart  for  the  finer  articles  of  cutlery,  but 
Sidishury,  "Woodstock,  Godalming,  and  Sheffield,  also 
carried  on  a  considerable  trade.  According  to  Stow, 
"  Richard  Matthews,  on  Fleet  Bridge,  was  the  first 
Englishman  who  attained  the  perfection  of  making 
fine  knives  and  knive-hafts ;"  and  he  states  that  at 
the  time  of  the  prohibition  above  referred  to,  "  and 
for  many  hundred  years  before,  there  were  made  in 
divers  parts  of  this  kingdom  many  coarse  and  un- 
comely knives."  In  1417,  the  London  cutlers  ob- 
tained a  charter  of  incorporation  from  Hemy  V.,  and 
their  haU  in  Cloak  Lane  is  still  maintained.  Long 
before  this,  Sheffield  had  become  celebrated  for  its 
knives :  thus,  Chaucer  speaking  of  the  whittler  of 
Tromjiington,  says : — 

this  instrument  bemg  a  case-bufe  or  whittle,  used 
for  cutting  food,  &c.  The  cutlers  within  Hallamshire, 
as  the  district  about  Sheffield  is  called,  were  not  in- 
corporated until  1C24,  but  special  rules  for  the 
government  of  the  craft  were  formed  at  a  much 
earlier  period.  The  incorporation  was  founded  on  an 
act  "  for  the  good  order  and  government  of  the 
makers  of  knives,  sickles,  shears,  scissors,  and  other 
cutlery  wares  in  Hallamsldi-e  and  parts  near  adjoin- 
ing." It  is  required  by  this  act  that,  "  all  persons 
engaged  in  the  said  business  to  make  the  edge  of  all 
steel  instruments,  manufactured  by  them,  of  steel 
and  steel  only;  and  to  strike  on  their  vv-ares  such 
mark,  and  such  only,  as  should  be  assigned  to  them 
by  the  officers  of  the  company."  Tliese  corporation 
marks  are  of  great  value  as  affording  a  guarantee  of 
the  superiority  of  the  wares  upon  which  they  are 
stamped :  they  are  protected  by  law,  and  it  is  illegal 
to  forge  or  imitate  them.  Some  of  the  most  impor- 
tant houses  still  preserve  their  name  and  corporation 
mark,  and  refuse  to  put  any  other  on  their  wares ; 
but  it  is  a  very  common  practice  for  manufacturers  to 
stamp  on  theu:  goods  the  name  of  the  retail  dealer 
instead  of  then-  own :  and  in  some  cases,  common  iron 
knives  are  stamped  with  the  words  "  shear  steel,"  &c. 
Such  dishonesty  is  very  reprehensible,  and  tends  to 
injure  our  character  as  a  maniifacturmg  nation. 

Beckmann,  in  his  "History  of  Inventions,"  has  an 
amusing  chapter  on  "Eorks,"  which  appear  to  be  of 


comparatively  recent  use  at  table:  they  are  still 
unknown  in  the  East,  where  the  meat  is  cooked  so  as 
to  be  exceedingly  tender,  and  it  is  pulled  to  pieces 
with  the  fingers.  Porks  appear  to  have  been  first 
used  at  table  by  the  Italians,  towards  the  end  of  tJie 
fifteenth  century. 

The  various  causes  which  tend  to  concentrate  a 
manufacture  in  a  particular  town  or  district,  have 
long  been  in  operation  at  Sheffield.  The  reputation 
of  tins  town  for  the  manufacture  of  knives  and  forks 
and  various  articles  of  cutlery  is  stiU  maiutaiued, 
and  there  is  scarcely  a  more  acceptable  present  on 
tlic  continent  than  a  Sheffield  penknife  or  a  pair  of 
scissors.  It  is,  however,  greatly  to  be  feared  that 
the  frequent  disputes  between  masters  and  men  on 
the  subject  of  wages  have  injured  the  cutlery  trade 
by  causing  doubt  and  uncertainty  in  the  mai-ket. 
Eor  example,  various  aiticles  of  cutlery  are  sold  from 
patterns  stitched  on  cards  with  the  prices  annexed ; 
and  as  these  prices  are  adjusted  with  great  nicety  to 
a  scale  of  small  profit  on  quick  returns,  it  may  happen 
that  before  a  set  of  pattern  cards  with  new  prices 
attached  can  reach  America,  or  have  begun  to  cii-- 
cidate  there,  some  alteration  takes  place  at  home, 
and  other  cards  and  corrections  must  be  sent  out, 
so  that  the  foreign  dealer  throws  discredit  on  the 
British  manufacturer,  who  is  often  left  to  the  mercy 
of  workmen  who  camiot  or  will  not  see  that  their 
own  interests  are  intimately  bound  up  >vith  those  of 
the  master  manufactui-er,  who  on  his  part  has  to 
provide  capital,  to  stem  the  tide  of  competition,  and 
to  consult  the  interests  of  Ids  customers  at  home 
and  abroad. 

The  gi-cat  variety  of  cutting  iustnunents,  and 
articles  which  come  under  the  denomination  of  cut- 
lery, are  or  ought  to  be  manufactm-ed  wholly  of  steel, 
at  least  as  far  as  the  working  parts  of  each  instrument 
are  concerned.  Unfortunately,  the  great  demand  for 
cheap  articles  has  led  to  the  use  of  pig-iron  in  the 
production  of  knives,  forks,  razors,  &c.  An  iron 
knife  may  have  its  uses,  however  inferior  to  steel,  but 
an  iron  razor  is  of  no  use  for  the  purpose  to  which 
razors  are  specially  applied.  At  all  good  houses, 
either  common  steel  or  shear  or  cast-steel  is  used. 
Shear  steel  is  very  plastic  and  tough,  and  is  used 
principally  for  edge  tools  which  require  great  tenacity 
without  much  hardness,  as  in  table  knives,  scythes, 
plane-irons,  &c.  Articles  requiring  a  very  fine  polish, 
as  razors,  scissors,  penknives,  &c.,  ought  to  be  of 
cast-steel;  but  as  cast-steel  can  be  welded  to  ii'ou 
with  great  ease,  the  cutting  part  of  chisels,  plane- 
irons,  &e.  is  made  of  the  superior,  and  the  rest  of  the 
tool  of  the  inferior  metal. 

The  forging  of  small  works,  such  as  articles  of 
cutlery,  differs  in  many  respects  from  the  forging  of 
large  works,  which  will  be  noticed  under  the  article 
FoKGiNG.  In  forging  small  works,  two  men  are 
usually  required,  and  the  work  is  then  said  to  be 
two-handfd.  The  prmcipal  man,  named  the  firevian, 
manages  the  work  both  in  the  fire  and  on  the  anvil ; 
he  is  furnished  with  a  small  hammer  of  from  2  to  ) 
lbs.  weight,  with  which  he  directs  his  mate,  who  is 


named  the  hjmmp.r-muii,  from  (lie  cii-cumstaiice  of  Lis 
liavuior  to  wiolil  a  slcdgo-liammer  of  from  10  to  1-i 
lbs.  weight  or  more :  it  is  his  duty  also  to  blow  the 
bellows.  The  lu^1rtl^  is  raised  al)out  2i  feet  from 
the  ground :  it  is  built  hollow  with  an  arch  beneath 
for  the  ash-pit.  A  single  hearth  is  about  a  yard 
square,  and  a  hearth  which  has  two  fires  under  the 
same  hood  is  about  2  yards  by  1  yard.  Tiie  hearth 
is  fimiished  with  a  double  trongli  for  containing 
water  in  one  compartment  and  coals  in  the  other. 
The  ordinary  double  bellows  is  used.  The  anvil 
weighs  from  2  to  4  cwt.,  and  is  raised  about  'i\  feet 
from  the  ground. 

Small  v/orks  are  usually  forged  at  once  from  the 
cud  of  a  bar  which  is  called  the  porter  -.  after  it  has 
been  cut  off  to  l)e  finished,  or  when  the  bar  is  too 
short  to  be  held  by  the  hand,  tongs  arc  used,  of 
which  there  are  various  forms.  Fig.  GSG,  represents 
a  jiair  oljUit-hH  tongs  -.  they  fit  closer  for  thin  works  ; 


they  are  always  parallel,  and  a  ring  or  coupler  is  put 
on  (he  handles  or  rcinx,  as  they  are  called,  to  maintain 
the  grip  of  tlie  work.  Others  are  made  with  hollow 
half  round  bits,  to  retain  firmly  round  or  square  bars; 
or  they  are  swelled  open  behind  in  order  to  hold  boll.^ 
and  otlier  objects.  Pig.  087,  is  a  common  form  of 
(oiigs  used  by  the  Slieffield  cutlers :  they  are  called 
crook-hit  tongs:  the  jaws  overhang  the  side  so  as  to 


allow  the  bar  of  iron  or  stod  to  pass  down  beside 
iilic  rivet,  and  the  nib  at  the  end  prevents  the  rod 
from  being  displaced  by  the  jar  occasioned  by  ham- 
mering. Kg.  6S8,  represents  the  common  smith's 
pliei-s  or  light  tongs  for  picking  up  small  work,  or 
for  holding  small  tools  whde  they  are  being  hardened. 

Tiie  cutler  is  also  furnished  with  a  variety  of  chisels, 
punches,  and  swages,  or  strikhig  tools,  called  also  lop 
mid  bottom  tools,  of  various  forms,  and  generally  in 
pairs.     The  bottom  tools  are  usually  furnished  with 
square  tangs  for  fitting  into  the  square  hole  in  the 
anvil ;  and  in  using  them,  the  fireman  holds  the  work 
upon  the  bottom  tool,  and  above  the  work  he  plr 
the  top  or  rod  tool,  which   is   the 
sledge  of  the  hamiiicr-man.     This 
part  of  the  work,  whicli  is  bctwi 
bottom  pieces  of  the  swage,  to  rise  u; 
formed  by  them.     The  top  tools  i 
rigid  iron  handle,  for  this  would  jar  the  hand,  but  by 
h.a/.el  rods,  prepared  for  the  purpose  by  being  alt: 
nately  wetted  and  warmed  over  a  fire  in  thr  i  ;' 1 
of  tlieir  length,  in  order  to  soften  tliem  :  (li:ii  , 
is  then  twisted  like  a  rope,  and  the  rod   i  -   \ 
once  round  the  head  of  the  tool,  and  retainra  !iv 
i~ou  ferrule  or  coupler.     See  Fig.  G91. 

In  (he  ordinary  practice  of  forging,  three  proccs: 
or  modes  are  adopted : — 1,  by  drincuirj  Jown  or  red 
tlon ;    2,  hj  jmnping  or  up-setting;    also  tliirketu 


labit  alon 
/•<■/%  wlM 
by  holdi.i- 
his  grasp, 
cause  thr 


1  struck  by  the 
causes  the  hot 
en  the  top  and 
and  fill  the  mould 
c  not  held  by 


and  shortening ;  3,  by  hidlding  vp  or  welding.  Tu 
nearly  every  case  of  forging,  the  first  two  methods 
are  used,  and  iu  many  cases  all  these  methods  are 
combined.  To  reduce  the  thickness  of  a  bar  both  iu 
leiigtli  and  in  width,  (ho  flat  face  of  the  hammer  is 
made  to  fall  level  on  tlie  work  ;  but  where  the  length 
or  the  breadth  alone  is  to  be  extended,  the  pniic  or 
narrow  edge  of  the  hammer  is  first  used,  its  blows 
being  directed  at  right  angles  to  the  direction  in  which 
the  iron  is  to  be  spread.  When  the  sides  of  the  object, 
arc  required  to  be  parallel,  and  the  object  is  to  he 
reduced  in  width  and  thickness,  the  flat  face  of  the 
hammer  is  made  to  fall  parallel 
with  the  anvil,  as  iu  Fig.  0S9,  or 
oblique  for  producing  taper  pieces, 
as  in  Fig.  000 ;  and  as  action  and 
reaction  are  equal,  the  lower  face  of 
the  work  receives  (he  same  absolute 
blow  from  the  anvil  as  that  applied  F'u-  6Sf. 

above  by  the  hammer  itself.  Hence  it  is  net  necessary 
in  works  of  moderate  size  to  present  each  of  the  four 
sides  to  (lie  1,:,.MMi"r,  hnt  omIv  t"-.^  :.t  right  angles  to 
each  otlior.     I;;!,:     ,   :]■.■'. ■a:\   ■-.'.     inurli  practice  in 

the  rccl:i':_  ■  -  i.    ■■|iir-,i\.    '  hilt  a  round  bar 

liii".!  ^'|ll  !■>■     ,. !;  1  !il:  liamiiicr.thcarcur.ney will  depend 
:ii  « Ml  t  he  change  of  exactly  90  degrees 

■  :  :  J  :i  I  i  'lic  work,  and  this  the  experienced 
: ,  ;  M  i  1  \',  1 1 1  : ; :.  >  ,  1 1  ili^h  with  that  same  degree  of  feeling 
or  intuition  which  teaches  the  exact  distances  required 
upon  the  finger-board  of  a  violin,  which  is  defined  by 


.  .  First,  he  n 


it  acquire  (he  habit  o 


ivil. 


3   will  r 


ndlc   close 


against  the  head  of  the  hammer,  nor  at  the  extreme, 
end  of  the  handle,  but  at  that  intermediate  point 
where  ho  finds  it  comfortably  to  reboimd  from  the 
anvil,  with  the  least  effort  of,  or  jar  to,  his  -wTist. 
And  the  height  of  the  wrist  must  also  be  such  as 
not  to  allow  cither  the  front  or  back  edge  of  the 
hammer-face  to  strike  the  \vork  first,  -nhich  would 
ident  it ;    but  it  must  fall  fair  and  parallel,  aiid 


without  bruising  the  w 
hammer  shoxdd  not  only  lall  11: 
upon  the  work  ;  thai  i  .  ; ;,'  < . 
in  vrhicli  point  thr  p. 
ecntratcd,  should  fa  I!  i  i  • 
wise  that  edge  of  tliu  w  ui;.  \.-i  w .: 
lean  vroidd  be  the  more  redue: 
the  parallelism  of  the  work  won 
also  be  bent  in  respect  to  lei 
lal'jr  would  bo  more  elongatial. 

i!     la;!  the  blows  were  iii 
'■."lu  wniild  become  twisted  ni 
v,"m11   lie  a  still  worse  tn..  ' 
required  to  draw  ilr.:,  >.■■   i    1 
end  ol  a  square  or  n  '  ' 

the  smith  places  I  la   '  ,,    f ; 


The  flai 


face  of  the 
=0  centrally 


orerbauging,  aud  not  resting  quite  flat, 
1)  about  a  quarter  or  lialf  an  iuch  at  tlie 
•  side  of  tlie  anvil,  as  in  Fig.  C90, 
'  but  less  in  degree,  and  the  hammer 
will  be  made  to  fall  as  there  shown, 
only  at  a  very  small  angle  with  the 
I  I  '^1  j~    anvil.     Having  given  one  blow,  he 
Lt-~.,^'J       twists  the  work  a  quarter  turn,  and 
Fi^.  CIO.  strikes  it  again:  he  then  draws  the 

bar  lialf  an  inch  or  an  inch  towards  him,  and  gives  it 
two  more  similar  blows,  and  so  on  until  he  arrives  at 
(he  extreme  end,  when  he  begins  again.  The  descent 
of  tlie  hammer,  the  drawing  the  work  towards  hmiself, 
(which  Mr.  Holtzapffel  suggests  may  be  the  origin  of 
the  term,)  and  the  quarter  turn  backwards  and 
forwards,  all  go  on  simultaneously  and  with  some 
expedition.  At  other  times  the  work  is  drawn  dowTi 
over  the  beak -iron,  and  then  it  is  of  less  consequence 
at  what  angle  the  work  is  held  or  the  blows  given. 
In  smoothing  off  the  work,  the  position  of  Fig.  CS9 
is  assumed ;  the  work  is  laid  flat  upon  the  anvil,  and 
the  hammer  made  to  fall  horizontal. 

The  ordinary  hand-hammer  is  shown  in  Figs.  GSO, 
GOO,  but  the  Sheffield  cutlers  and  most  tool-makers 
prefer  a  hammer  without  a  pane,  and  with  a  handle 
quite  at  the  top,  the  two  fonning  almost  a  right 
angle,  or  from  that  to  about  S0° ;  in  some  cases  [see 
File]  the  head  is  bent  like  a  portion  of  a  circle. 

lu  drawing  down  the  tang  or  taper  point  of  a  tool, 
the  extreme  end  of  the  iron  or  steel  is  placed  a  little 
beyond  the  edge  of  the  anvil,  as  in  Fig.  690,  to  pre- 
vent the  anvil  from  being  indented,  and  the 


:gular  piec 


.  beyond  the  taper  is  not  cut  oiT 
until  the  tang  is  completed. 
Fig.  G91  shows  the  position  of 
the  chisel  in  cutting  off  the 
finished  object  from  the  bar  of 
which  it  formed  a  part :  the 
work  is  placed  between  the  edge 
of  the  anvil  and  that  of  the 
chisel,  the  two  edges  acting  as 
a  pair  of  sliears.  A  set-off  is 
made  by  placing  the  intended 
shoulder  at  the  edge  of  the  an- 
vil :  the  blows  of  the  hammer  are 
effective  only  where  they  are 
opposed  to  the  anvU,  the  re- 
mainder of  the  bar  retaining  its 
full  size,  and  sinking  dov^Ti,  as 
""■"""  in  Fig.  692. 

The  subject  of  forguig  is  a  vei"y  extensive  one,  and 
the  reader  who  desires  to  study  it  fully  ought  to 
consult  Mr.  Holtzapffel's  work.  Some  further  illus- 
trations will  be  given  under  Forgikg  and  Welding  ; 
our  present  object  being  to  state  enough  to  make  in- 
telligible the  following  particulars  respecting  cutlery. 
In  the  forging  of  a  table-knife,  the  blade  is  first 
produced  at  the  end  of  a  bar  of  shear  steal,  and  then 
cut  off:  it  is  next  welded  to  the  extremity  of  a  rod 
of  iron  about  half  an  inch  square,  and  a  portion  of 
this  is  cut  off  sufficient  to  form  the  bolster  or  shoirldcr 
together  with  the  tang.     The  proper  size  and  shape 


of  the  bolster  are  formed  by  means  of  a  couple  oi 
swage  tools.  The  blade  is  then  heated  a  second 
time,  and  properly  finished  on  the  anvil :  this  is  called 
smithing  the  blade.  The  maker's  mark  is  stamped 
upon  it,  and  it  is  then  hardened,  by  being  raised  to  a 
red  heat  and  plunged  perpendicularly  into  cold  water. 
It  is  tempered  to  a  blue  colour,  and  then  sent  to  the 

In  the  manufactm-e  of  steel  goods  the  processes  of 
hardening  and  tcmpermg  perforn\  an  iiiipoptaut  part. 
Steel  possesses  the  useful  property  of  becoming  hard 
when  suddenly  cooled  froni  a  red  heat  by  being 
plunged  into  cold  water  or  oil.  By  this  process, 
however,  it  is  not  only  made  hard,  but  brittle ;  and  it 
is  to  remove  this  brittleness  that  the  process  of 
tempering  is  adopted,  which  consists  in  heating  the 
hardened  steel  articles  to  a  moderate  degree.  But  in 
proportion  as  the  heat  is  increased,  the  hardness 
diminishes,  and  when  it  is  reduced  to  the  proper 
degree  of  hardness  required  by  the  instrument,  it  is 
again  suddenly  cooled  by  plunging  it  into  cold  water. 
The  proper  degree  of  hardness  is  ascertained  by 
the  colour  of  the  fihn  of  oxide  which  forms  when 
steel  is  slowly  heated  in  the  air  to  a  temperature  of 
not  less  than  430°  Falir.  TVbere  elasticity  is  required, 
as  in  springs  for  watches,  gun-locks,  &c.,  the  steel  is 
cooled  as  soon  as  it  has  assumed  a  fine  blue.  When 
a  keen  edge  is  required,  as  in  razors,  the  edge  is 
brought  to  a  fine  straw  colour,  while  the  back  is  blue. 
The  following  table,  by  Mr.  Stodart,  shows  the  colour 
of  the  fdms,  the  temperatures  at  which  they  are  pro- 
duced, and  the  instruments  to  which  the  different 
kinds  of  temper  are  applicable : — 

1.  Very  pr,lc  straw  yeUo^...  "O'lT'j^^J^J^P"  «9''i'<^'l  f« 

2.  A. Imde  of  darker  yellow  450  {^  ""L'.ofter,  for  razors 

3.  Darker  straw  yellow 470    Penknivel 

4.  Still  darker  straw  yellow  400  ['^'jf^^.i^^™'^  ^''^"''  '"  ''"'" 

C.  Aytllow.tingedslightbl  ^,^  jTaMe    knives    and    cloth 

5.  Dark  purple   5J0)     ""'^■'    '^^'^    spr."„s. 

9.  Dark  blue  570    Small  fine  saws. 

11.  Still  paler  blue  ' CIO  ^    with  pliers,  and  sl.arp- 

12.  The  same,  with  a  tingej  ,;,„  (Too  soft  a  temper  for  steel 

Su-  Humphiy  Davy  proved  that  the  presence  of 
oxygen  is  necessaij  to  the  production  of  these  colours, 
by  heating  bright  polished  steel  in  a  glass  vessel  full 
of  nitrogen ;  in  which  case  coloured  films  were  not 
produced.  According  to  NobUi,  these  coloured  films 
are  not  oxides,  but  a  combination  of  carbon  with 
oxygen,  which,  becoming  fixed  in  some  way  upon  the 
steel,  in  the  form  of  a  thin  plate  or  film,  has  the  effect 
of  preserving  the  metal  from  mst.  Nobili  argues 
that  if  this  tint  were  the  effect  of  oxidation,  it  would 
not  prevent  but  accelerate  oxidation.  In  order  to 
show  the  preservative  effect  of  this  film,  two  steel 
plates  of  the  same  quality  and  polish  were  selected, 
one  of  which  was  coloured  by  the  usual  process,  au(3 


bof h  were  exposed  for  a  montli  iii  the  open  air  during 
a  laiiiy  autnmii.  At  tlic  end  of  this  time,  the  im- 
cnlomxd  pl.ito  was  covered  with  rust :  the  other  plate 
had  1()4  a  httlc  of  its  colom-,  but  was  free  from  rust. 
The  \  arious  forms  and  sizes  of  knife,  such  as  the 
bhocmakei's  knife,  the  biead-knifc,  &c.,  arc  forged 
in  tlie  same  maimer  as  the  table-knife.  The  pen- 
knife blade,  which  ought  tn  be  of  ihe  best  cast  steel, 
is  forged  from  the  end  of  a  steel  rod,  with  a  light 
haiiiiner,  upon  a  small  anvil ;  and  as  much  is  cut  off 
as  is  necessary  to  form  the  joint.  The  blade  is  then 
held  in  a  pair  of  tong,i,  and  heated  a  second  time ; 
the  joint  pait  is  next  imished,  and  a  temporary  tang 
cU'aw  n  out  for  driving  into  a  small  haft  or  handle  for 
the  grinder,  as  shown  in  Pig.  C93.  The  nick 
or  notch  called  the  nail-hole  is  stamped  by 
means  of  a  chisel,  wdiilo  the  blade  is  hot. 
The  blade  is  hardened  by  raibiiig  it  to  a  red 
heat,  and  dipping  it  in  water  u])  to  the 
shoiddor.  The  tcmpeiing  is  pci  formed  on 
a  number  of  blades  at  a  time,  anauged  side 
by  side,  with  the  back  downiwards,  upon  a 
Fw  mi  flat  ii-on  plate,  placed  over  the  fire,  and  left 
mil  il  the  proper  colour  has  been  attained. 

Forks  are  sometimes  made  of  cast  metal,  but  tlio 
better  kinds  are  forged  from  a  rod  of  steel  about 
f  inch  square :  tlie  tang,  shoiJdcr,  and  shank  are  first 
roughly  formed,  and  then  cut  off,  leaving  at  one  end 
about  an  inch  of  the  square  pait  of  the  sfi  1 1   \,  I  i  h 
is  afteiTvards  drawn  out  flat  to  about  tin   1        n  M 
the  prongs.     This  mood  or  mould,  1  _   i     ' 
heated  until  it  becomes  soft,  and  pland  lu 
this  state  in  a  steel  boss,  or  die,  upon  which  a 
second  boss  attached  to  the  lower  surface  of 
a  heavy  block  of  metal  is  made  to  fill  rmiu 
the  height  of  several  d  >  I    '   i  i  il 
formed  the  prongs  and  i    i 
of  the  fork;  the  thin  lil 
left  between  the  prongs  i^.  >  1     i     I  h 

a  file.     The  fork  is  then  gioiind  and  Cmbhul, 
rig  014  and  is  ready  for  haftuig. 

llazor  blades  ought  to  be  forged  out  of  bars  of  the 
very  best  liighly  eaibm  -',  1  i  i  t  l  '  1  III  d  to  about 
\  an  inch  in  breadth,  ni  1  ullicicut  for 

the  back  of  the  razm       '  i     I   moulded 

at  the  end  of  the  po,'  i  !  I  li  i  Imged,  and 
the  edge  being  brought  on;,  the  cnnenc  surface  is 
formed  by  working  the  side 
the  anvil ;  it  is  then  cut  off, 
diawn  out  from  the  same  material  as  the  blade,  or,  if 
this  be  of  superior  quahty,  a  piece  of  iron  is  welded 
to  it.  The  steel  ought  to  be  of  excellent  quality  to 
undergo  the  beating  necessary  to  pimlnre  the  thinner 
part,  while  the  back  is  left  thiLl     '^     i         '  1 1 

so  expert  in  forging  the  blade,  lli  ' 

on  the  anvil  an  edge  so  sharp  an  1  u 

be  used  for  shaving  after  bun'  'iiii  I  \liii 
forging,  the  blade  is  smithed,  or  beaten  on  an  am  il,  to 
make  the  metal  as  compact  as  possible;  a  process 
adopted  with  all  the  better  kinds  of  cutting  instru- 


lERY.  4.8S 

ments.  The  blade  is  also  slightly  ground  or  scoichfd, 
after  the  forging,  on  a  dry  cmr-c  e-rit  stone,  in  order 
to  bring  it  to  the  sin]  r  i  |  m  '  1  n1-o  to  remove 
the  black  scale  oi  i  I    the  unifouu 

action  of  water  and  t     i      i  i  ol  liaukning 

andtempcung    1  \  ,  i,  isdiilkdfor 

the  joint        I         ^      '  1  1  I       '    I  1.  Ill  d 

and  t(nii  1    nu 

4  to  Sun  I  .In 

which  puipuso  the  edge  ul   1 1  i           i  \  nh 

bee's-wax,  to  prevent  the  stmi  \  i\ . 

the  blade  is  next  lapped  on  i   I                      ms 

the  true  cnr\e  to  tin         '  I    (k 

polished  on  a  soft  1  i  mi^, 

revolving  slowly,  and    II  ^d. 

This  completes  the  puicissi     i  i  n- 

faetnre  of  a  razor  blade ;  the  1  ml 

scissors  are  treated  in  a  sinnl .,  nf 

these  processes  requii-e  a  inoin  u  ,  il  n  .  i,  and 
we  will  return  to  them  after  noticing  the  luigiiig  of 
one  or  two  other  articles. 

There  is,  peihaps,  no  article  m  eutleiy  tliat  vaiies 
so  much  in  price  and  quality  as  scissors ;  for  while 
some  are  sold  at  the  low  rate  of  Z^d.  per  dozen  pair, 
others  produce  ten  guineas  and  upwauls  the  single 
|uu,  and  lirtwecn  tluse  cxtirmes   the   |ni(.b  \aiy 
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blip  of  btLLl  w  elded  along  the  edge  of  the  blade.  The 
best  description  of  iron  scissors  are  falsely  named 
ru7i  or  virgin  steel;  they  are  formed  of  good  cast-ii-ou, 
while  the  cheapest  description  of  scissors  arc  made 
of  common  cast-iron  in  very  large  quantities  for 
South  America  and  the  Indies.  The  most  costly 
scissors  have  tlieir  shanlvs  and  bows  of  gold, 
silver,  &e. 

The  \aiieties  of  scissors  arc  v  cry  numerous,  such  as 
button-hole  scissors,  cuttunj-out,  drapers' ,Jlower,  garden, 
and  grape  scissors,  horse  trimming  seis'iors  ;  hair,  larr, 
lamp,  nail, paper, poclcet,  stationers',  and  tailon'  siissoi  t, 
and  many  others.  The  following  geneial  drseription 
refers  to  a  pair  of  common  steel  scissors  of  good 
quality. 

In  forging  steel  scissois  a  single  blade  is  formed  at 
the  end  of  a  small  bar  of  flat  steel,  and  is  then  cut  oft 
together  with  enough  of  the  metal  to  foini  the  shank 
and  bow.  A  hole  is  then  ] an  'm'  lli  'i  I'l  luo- 
jccting  lump  of  metal  suflQtn  II    i  I  fif 

a  small  anvil,  or  beck  iron,  i  ^  i  ■ 

worked  out  with  the  hamnu..  i.a.  n  ,  .  u  is 
furnished  with  a  shallow  gioo\f,  lor  louuding  ihe 


inside  of  tic  bo-.ys.  The  smallest  kinds  of  scissori 
arc  i'.i  tliis  way  made  with  surprising  dexterity  and 
despatch,  the  result  of  long  practice.  After  being 
lighted,  or  softened  in  the  lire,  the  shank  and  bow  are 
improved  in  shape  .by  filing,  the  joint  is  squared,  and 
the  hole  is  bored  and  fitted  for  the  rivet.  The  blades 
are  ne.x.t  ground ;  after  which  the  bows  and  ornamental 
work  are  sumoth-fOed  and  burnished  with  fine  emery 
and  on.  The  blades  are  forged  chiefly  by  eye,  without 
reference  to  their  being  in  pairs  :  the  separate  blades 
arc,  therefore,  next  sorted  into  pairs,  screwed  together, 
and  made  to  "walk  and  talk"  well,  as  the  "putter- 
together"  calls  the  smooth  motion  of  the  blades. 
The  screw  which  unites  the  two  blades  consists  of 
three  parts  differing  in  diameter ;  viz.  Wx^  Iieai,  the 
nech,  and  the  thread ;  the  bottom  of  the  countersink 
that  receives  the  head  of  the  screw  is  called  the  shelf 
or  the  twitter  bit.  Each  pair  is  then  bound  round 
with  fine  iron  wire,  the  rivet  is  taken  out,  and  the 
blades  and  shaiis  are  hardened.  T\Tien  the  wire  is 
removed,  the  blades  arc  ground  into  proper  shape, 
again  fastened  together,  and  made  to  work  properly. 
The  bows  and  other  prats  are  rubbed  up  with  fine 
emery  and  oil,  and  the  scissors  are  taken  a  third 
time  to  the  grinder;  the  shanks  are  ground,  and  the 
whole  instrument  glazed  and  polished.  When  put 
together  again,  the  edges  of  the  blades  are  whetted, 
and  the  scissors  are  lastly  handed  to  women  who  fine 
burnish  the  parts  requiring  it,  with  polished  steel 
tools.  "Well-made  scissors  sometimes  appear  to  grate 
a  little  when  closed :  this  arises  from  the  presence  of 
dirt  or  dust,  for  if  the  finger  be  passed  along  the 
edges  so  as  to  remove  it,  the  smooth  and  pleasant 
action  of  the  scissors  will  be  restored. 

The  blades  of  scissors  must  be  in  close  contact  at 
the  time  of  cutting,  otherwise  the  substance  to  be  cut 
nill  fold  down  between  them,  especially  if  it  be  very 
thin.  "When  the  blades  exactly  meet,  one  serves  to  sup- 
[4irt  the  material,  while  the  other  severs  it,  or  rather 
each  blade  supports  the  material  for  the  other  to  cut. 
The  blades  are  not  made  quite  flat  on  their  faces,  or 
with  truly  plane  surfaces,  (as  in  Fig.  695,  which  is  an 

imaginary  longitudinal  section  of  the  instrument,) 
because,  in  such  case,  the  friction  would  bo  greatly 
mcreascd  by  the  rubbing  of  the  sui'faces.  "  The  fonn 
really  adopted  more  resembles  the  exaggerated  dia- 
gram, Fig.  696 ;  the  blades  are  each  sloped  2°  or  3° 


from  the  plane  in  which  they  move,  ?o  i'.  '    ;'    ' 
edges  alone  come  into  contact ;  instead  rl  ■ 
being  straight  in  t.heir  length  they  are  a  Ir       • 
so  as  to  overlap;  and  close  behind  the  sen  -,   ,    ; 
which  they  are  united,  there  is  a  little  triaiijiiliir 
elevation,  insignificant  in  size,  but  most  important  in 
cfi'ect,  which  may  be  considered  as  a  miniature  hillock 
or  ridge  sloping  away  to  the  general  surface  near  the 
hole  for  the  screw.     This  enlargement,  or  bulge,  is 


1  teclinically  called  the  riding  part,  and  as  there  is 
one  on  each  blade,  when  the  scissors  arc  opened  so 
that  the  blades  arc  at  right  angles,  the  points  or 

I  extremities  only  of  the  riding  parts  come  into  contact, 
and  the  joints  may  then  have  lateral  shake  without  any 
prejudice.  But  as  the  blades  are  closed,  first  the 
bases  or  point  of  the  riding  parts,  and  lastly  the 
summits  or  tops,  rub  against  each  other,  and  tilt  the 
blades  beyond  the  central  line  of  the  instrument ;  the 
effect  of  which  is  to  keep  the  successive  portions  of 
the  two  edges  in  contact  throughout  the  length  of 
the  cut,  as  by  the  time  the  scissors  are  closed,  the 
points  of  the  blades  are  each  spmng  back  to  the 
central  Ime  of  the  scissors,  whicli  is  dotted  in  Fig. 
696.  Although  scissors  when  hi  perfect  condition 
for  work  may  be  loose  or  shake  in  t.'ie  joint,  (and 
thereby  placed  beyond  their  range  of  action,)  they 
will  be  always  found  to  bo  tight  and  free  from  shake 
as  soon  as  the  blades  can  begin  to  cut  the  material 
near  the  joint,  and  so  to  continue  tight  until  they 
meet  at  the  points.  That  all  scissors  do  exhibit  this  con- 
struction may  be  easily  seen,  as  when  they  are  closed 
and  held  edgeways,  between  the  eye  and  the  light,  they 
will  be  found  only  to  touch  at  the  points  and  at  the 
ridiug  parts,  or  those  just  behuid  the  joint  screw,  the 
remainder  being  more  or  less  open  and  gently  curved ; 
and  their  elastic  action  will  also  be  experienced  by  the 
touch,  as  whilst  good  scissors  are  being  closed  there 
is  a  smoothness  of  contact  which  seems  to  give  evi- 
dence of  some  measure  of  elasticity." ' 

Fig.  697  shows  the  section  of  one  blade  of  a  pair 
of  scissors  registered  in  ISil  by  Jlr.  G.  "Wilkinson  of 


i^m? 


Shefiield.  Here  the  elastic  pi-inciple  is  introduced 
differently.  Listead  of  the  riding  part,  oue  blade  is 
perforated  inmiediately  behind  the  screw  for  admitting 
freely  a  small  pin  or  stud,  s,  fixed  to  the  end  of  a 
short  and  powerful  spring,  so  that  the  stud,  s,  acting 
on  the  opposite  blade,  throws  the  points  of  both  blades 
towards  each  other,  so  as  to  give  them  a  tendency  to 
cross,  but  this  being  resisted  by  the  edges  of  the 
blades  touching  each  other,  they  arc  kept  m  contact 
throughout  their  motion,  and  produce  theu-  cutting 
effect  well  and  agreeably. 

The  grinding  and  polishing  of  cutlery  form  an 
important  part  of  the  operations  earned  on  at  Shef- 
field. They  are  usually  conducted  in  buildings  eaUed 
■ichcels  or  mills,  each  of  which  is  divided  into  separate 
rooms  called  hulls,  and  in  each  huU  are  six  troughs 
with  a  grindstone  and  a  polisher  in  each.  Motion  is 
communicated  to  the  stones  by  means  of  a  steam- 
r:-:'  -■  T'v-  i-.^>=t  P'-Vbr.ited  of  these  gruideries 
,  •  (■  '  1'  -  ,  •  1  near  the  junction  of  the 
,      , ;        i  1        ;  •  A  \  ;cw  of  it  is  given  in  one  of 

;,,■  1:,!-,.  I  M_  a-.  1  -  -  I '  *  castellated  appearance  has 
;,'iveu  it  a  name,  and  it  CGmi)riscs  a  central  court- 
yard, with  buildings  running  along  the  four  sides, 
"containing  numerous  apartments  occupied  by  the 
gi-inders,  who  contribute  each  a  certain  sum  for  rent 
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and  for  steuui  cower.     The  bloucs  vary  iu  quidily 
anil  size  with  llio  article  to  be  groimd.     They  range 
li'    !  li  !  .   '  1  I  ■  1^^  ^  in  iliamcter,  and  arc  fixed  upon 
sqii        !     1     .:i>  I  Irs  from  13  to  30  inches  long, 
inn  ,H  :,,v  ni  Mr,  i  jhiiiitcd  ceulres :  the  stone  is  wedged 
tast   near  liic   ni,'ht  hand  extremity  of  the  spindle, 
and  near  the  left  is  fixed  the  pulley  for  the  di-ivmg 
belt.     The  spLudle  is  supported  on  two  long  pieces 
or  sleepers  luiited  at  their  extremities  and  resting  on 
the  ground;  near  one  end  are  two  upri.uhl  |.    '  ,   il 
the  upper  parts  of  which  are  lioUow  cent  1 1         ,    ■: 
spuidle  to  run  in:  the  centres  arc  of  li-n  , 
horn,  or  steel.     The  isholiirld  oiiiuh-is  rnnn 
ash  for  the  centre  blocks      r,,iinnnili.     ,      !     ,i         , 
below  the  stone  is  a  !■  :     ■    -i  :     ,    i         :,   ■ 

wood  lined  with  lead  ,.:.,,  i   : 


ing   the 


S-up 


A  splash-board,  or  some  other  contrivance,  is  erected 
on  tlie  other  end  of  the  trough,  projecting  above  the 
top  of  the  stone  so  as  to  catch  most  of  the  water 
that  flies  off  and  return  it  to  the  trough.   [See  Gwxd- 

STONE.] 

Saws,  fenders,  &o.,  which  present  a  large  extent  uf 
surface,  require  stones  of  great  diameter;  -while 
razors  and  the  smaller  articles  of  cutlery  are  ground 
upon  small  stones.  Saws,  scythes,  and  edge  toul ; 
which  require  a  certain  temper,  are  ground  on  a  wet 
stone,  for  which  purpose  water  is  kept  iu  the  trough 
to  such  a  height  as  just  to  touch  the  stone.  An 
extensive  class  of  small  articles,  such  as  riizor.s, 
scissors,  pen  and  pocket-knives,  I'm!.  ,  m  r.lln  ,  !ic. 
are  groimd  upon  a  diy  stone      I  ■  \        <    'i  n 

more  expeditious  operation  than  il      ,;i  i    1  m     ,  ,.  ml 
articles  of  cutlery  are  fii'st  gio.n,  I   -u  ;;  ni  ,         nr, 
and  afterwards  on  a  wet  one.     Kmi.   -lindin  \  Inm-- 
cver,  is  always  performed  on  a  div  sinnr,  and  liinirc 
the  peculiarly  destructive  eharanlrr  uf  this  liiinirh. 
Dr.  Holland,  a  physician   of   Shclhcld,   dnlnrs   I  lie 
fork  grinder's  employment  to  be  probabl.\    i  -  ■    .1 
structive  to  human  life  than  any  other  [jin;  n,     ;,  > 
United   Kingdom.     "In   the   room   in  v,  Im  n     ■ 
carried  on  there  arc  giiii  m'!;-  IV'    i  m.',I   !-■.   .  n;di 

viduals  at  work,  and  ilh    .  ;  i.  '  ■'ni- 

posed  of  the  line  pan  n  ,  I   ,  .    ,     i .  ns 

in  clouds,  and  pervadi-.  ibi-  .  ■  ;'.'in  <  nlmh 
they  ai-e  confined.  The  dnsi  i::  ,  i  m  imry 
moment  uihaled,  gradually  undri      ,.      ^ii.      ,      ..    i.t 

the  constitution,  and  produces  | i   .,  r.i 

the  lungs,  accompanied  by  il,!,>    ;.   ,      i    i    .       .mr, 

cough,  and  a  wasting  of  the  ; .   i  i  i   i  ;it 

the  early  age  of  twenty-five.  S,n  ii  :  : '  :.  :  i  ;n  1 1\  r, 
teudency  of  the  occupation,  thii  ■_  nnnn  m  rilnr 
departments  frequently  refuse  tu  wmk  in  llir  s;niie 
room,  and  many  sick  clubs  have   an  especial  ride 


against  the  athnission  of  dry  grinders  generally,  a.s 
they  would  <haw  l;imil\  on  the  funds,  from  permanent 

Itis:.h.  ,,  :  :■  n  !  lafisties  of  the  trade,  that 
the  avei;i_,  ;i_  '.i  i-iL  i;iiudcrs  docs  not  exceed 
thirty  yeais,  and  Di.  llullaiid  shows  that  while  in 
the  Uilitcd  Kingdom  idd  persons  out  of  1,000  die 
annually  between  the  ages  of  twenty  and  forty,  SSj 
fork  n-rindcrs  perish  out  of  tlie  1,000! 

\\:::,f,\.-lr    mn.^lv     Ln-    lln     .m1     enlisists    iu    1  ho 

i  :•  IS  placed  a  little  above  the  surface  of  the 
;  iiiy  stone,  on  the  side  the  furthest  from  the 

_  I  -mu  1,  wliioh  funnel  terminates  iu  a  channel  imme- 
tl lately  under  the  surface  of  the  floor.  The  chamicl 
varies  in  length  according  to  the  situation  of  the 
grinder  in  reference  to  the  point  where  it  is  most 
convenient  to  get  rid  of  the  dnst.     If  eight  or  ten 


.  ,     M     ,.     ,    .!    nn.    in:;  n    (o    the    WaU   of 

this  is  attached  a  strap  wliich  passes  upwards  and 
over  a  pulley,  so  that  whatever  puts  the  pulley  in 
motion,  causes  the  fan  also  to  revolve.  The  piiUcy 
is  placed  in  connexion  with  the  machinery  wliich 
tarns  the  stone,  so  that  whenever  the  grinder  adjusts 


thcgfitty  and  lueln;'  n    ...,;  ,  ,.,,,,  nnn,  the 

room  in  which  the  n,,  :,       ,      .  ■    in  i,„„i 

any  perceptible  di  IS  I .     Wn .<    ..im;,    ,,,  |i,nniiis  is 

perfect  and  in  cxeeilent  eundiuon,  liie  alinus|i|ieie  of 
the  place  is  almost  asjiealthy  as  that  of  a  (bawuig- 

Dr.  Holland  mentions  that  iu  one  in.innfactory, 
the  dust  is  conveyed  by  the  nn,n  i nl  rhnnunl  info  a 
trough  of  water  outside  the  In,  i         iinilit-y 

which  accumulates  in  it  m  a  1,  ^  nntit; 

ilin  .jieeifie  gravity  of  metal.  Tlic  iirst  cost  of  the 
I  I ntiis  would  scarcely  exceed  the  proportion  of  a 
Mi,  i,  jn-iifor  each  grinder;  the  fumiel  may  be  had 
lor  a  lew  shilluigs,  and  the  fan  and  pulley  for  a  mere 
trilie.  "  "Were  the  legislature  to  interfere,  and 
make  it  imperative  on  the  part  of  the  proprietors 
of  wheels,  to  construct  such  an  apiiaralus,  ;ind  com- 
pel them  to  keep  it  in  a  pnl,,  i  r,n,  ,  i'  .  sn  im- 
mense amount  of  disease,  su  HI  i  I  I  1,'lnrss 
would  be  prevented;  and  the  1  n  ,  ,,.  llio 
condition  of  grinders  would  imi  lin\,  i,i  m,,i,I  the 
premature  deaths."     In  phices  where  the 
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apparatus  had  been  in  operation  for  years.  Dr.  Holland 
did  not  find  a  single  individual  labouring  under  any 
pidmouary  affection;  and  in  other  instances  where 
the  lungs  had  become  affected  with  disease,  the  erec- 
tion even  of  an  imperfect  apparatus  by  the  artisans 
themselves,  arrested  the  disease,  and  afforded  sub- 
stantial reKef.     rSee  Needle.] 

In  grinding  articles  of  cutlery,  the  size  of  the  stone 
is  of  importance.  If  ground  upon  a  large  stone, 
revolving  with  great  rapidity,  the  grinding  will  be 
performed  more  expeditiously  than  on  a  smaller  stone 
moving  at  the  same  rate ;  but  the  steel  is  often 
thereby,  by  overheatmg,  deprived  of  some  of  its  ex- 
cellent qualities,  which  no  subsequent  operation  can 
restore.  The  concavity  on  the  sui-faee  of  a  blade 
also  depends  upon  the  size  of  the  stone :  thus  a  stone 
four  inches  in  diameter,  must  give  to  the  blade  a 
corresponding  concavity,  or  a  curve  of  two  inches 
radius ;  and  such  a  curve  wUl  evidently  yield  a  keener 
edge  than  can  be  produced  from  a  six,  eight,  or  twelve 
inch  stone,  because  the  smaller  the  diameter  the 
more  convex  is  the  stone,  and  the  more  concave  will 
be  the  blade  which  is  ground  upon  it.  Jlr.  Ebenezer 
Ehodes,  of  Sheffield,  a  practical  cutler,  in  his  "  Essay 
on  the  Manufactiu-e  of  a  Eazor,"  enumerates  the 
qualities  of  a  good  razor  to  consist  in  a  proper  form, 
weight,  and  justness  of  proportion,  with  proper  hard- 
ness, regularity,  and  fitness  of  concavity.  The  stones 
used  in  producmg  tlus  concavity  of  sui'face  vaiy  from 
four-  to  twelve  inches  in  diameter,  according  to  the 
price  of  the  article  requu-ed.  A  four-inch  stone  is 
most  generally  used ;  but  Mi-.  Rhodes  recommends  a 
stone  of  from  six  to  eight  inches  in  diameter,  which 
produces  razors  "  sufficiently  hollowed  or  ground  out 
for  any  service,  however  hard,  to  which  they  may  be 
applied ;  and  they  combine  a  desii-able  strength  and 
finnness  of  edge,  ^vith  a  requisite  degree  of  thinness. 
The  concavity  of  a  razor  should  likewise  possess 
great  evenness  and  regularity,  otherwise  a  very  un- 
equal edge  is  produced ;  a  defect  which  every  appli- 
cation to  the  hone  will  rather  increase  than  diminish, 
and  wliieh  H(jfhiii<?  but  re-grinding  in  a  more  perfect 

,  ill  show  some  of  the  forms  which 
razors.    The  proportion  between 
t'  :  :i,!j  and  the  thickness  of  the  back 

is  bueh  thai  when  the  blade  is  laid  perfectly  flat  on 
the  hone,  so  that  the  edge  and  back  both  touch  it, 
the  proper  angle  is  obtained,  wliich  varies  from  about 
17°  to  20°.  In  the  enlarged  figures  the  angle  of  1S° 
is  presei-ved  throughout,  as  shown  by  the  dotted  line, 
and  the  concavity  of  each  side  of  the  razor  is  shown 
within  the  angle  thus  formed.  The  chief  use  of  this 
hollowing  out  of  the  sides  is  to  avoid  the  necessity  of 
sharpening  the  entire  side  of  the  wedge  formed  by  the 
dotted  lines.  It  would  evidently  be  much  more 
tedious  and  difficult  to  wear  down  the  flat  sides 
represented  by  the  dotted  lines  than  the  small  portion 
of  the  same  which  is  left;  and  even  if  it  were 
attempted,  the  edge  would  probably  be  rounded 
instead  of  flat.  The  concavity,  therefore,  assists  in 
pbicing  fhc  razor  on  the  hone,  it  makes  the  edge 


thinner,  leaving  but  little  for  the  stone  to  wear  away, 
and  it  prevents  the  polished  and  finished  surface  from 
being  injured  during  the  shai'penings. 


The  most  common  fonns  of  razor  are  shown  in  the 
sections.  Figs.  698,  699 ;  the  one  having  been  formed 
by  grindmg  transversely  on  a  wheel  of  4  inches  dia- 
meter, and  the  other  on  one  of  12  inches,  the  general 
extremes  of  curvatm-e.  Fig.  700  is  produced  by 
grinding  the  blade  lengthways  on  the  stone,  so  as  to 
become  nicked  in,  and  thus  produce  any  degree  of 
thinness  reqiured.  When  used  on  a  strong  beard  a 
considerable  vibration  is  produced,  which  has  led  the 
Sheffield  cutlers  to  apply  the  term  ratller  to  these 


razors.  In  Tig.  701  the  two  modes  are  combined, 
the  razor  having  been  tu-st  ground  ti-ansversely,  as  for 
Pig.  699,  and  then  lengthways,  so  as  to  be  nicked  in 
for  about  half  its  width :  these  are  called  htlf-ralilcrt. 
In  another  form,  Pig.  702,  a  very  thin,  acute  blade 
has  been  fixed  in  a  detached  back,  something  like  a 
dove-tail  saw.  Pig.  703  is  a  guarded  razor,  a  loose 
frame  or  guard  of  brass  being  added  to  the  blade ;  it 
is  intended  to  prevent  the  edge  from  penetrating  to 
any  serious  depth  when  the  razor  is  used  by  nervous 
or  infii-m  persons.  The  setting  of  razors  will  be 
noticed  under  Hone  :  cur  present  business  being 
with  their  manulacture. 


B 


the  heat  excited  by  the 
friction.     Table  kuives 
are    for    this    purpose 
fitted  in  a  wooden  case, 
^'''-  '"'■  as  sliOTTu  in  Fig.  704. 

After  the  articles  of  cutlery  have  been  ground,  i\iv\ 
arc  lapped,  glazed,  and  polislwd  on  metal  or  othti 
wheels,  called  laps.  The  cutler's  narrow,  cylindrical 
lap  consists  usually  of  a  wooden  centre,  made  in  4  m 
more  pieces,  the  grain  of  the  wood  pointing  to  the 
axis  in  order  to  preserve  the  circular  form,  and  unitnl 
by  circular  disks  of  wood  or  metal;  the  edge  is  then 
turned  to  the  required  width,  with  a  groove  in  the 
centre,  and  a  chamfer  on  each  edge  for  holding  the 
metal  rim ;  this  is  usually  1  part  tin,  and  i  or  5  of 
lead,  (the  lining  of  old  tea-ehests  being  preferred,)  and 
is  attached  to  the  centre  by  easting ;  the  edge  or/«tv 
ib  then  turned  true,  after  which  it  is  di'essed  with 
emery  and  oil,  a  number  of  fuic  grooves  being  made 
on  the  face  in  order  to  icfaiu  the  dressing  or  head,  as 
it  is  called.  It  is  brouglit  to  a  uniform  swfaee  by 
drawing  the  work,  such  as  a  razor  bhide,  from  end  to 
cud  sleadily  across  the  revolving  lap.  "When  a  dozen 
bl.ides  have  been  prepared  in  this  way,  the  process  i^ 
1  f  ppated  with  fine  emery,  or  the  lap  \^ fined  by  rubbiui, 
111.'  la.ut  with  a  piece  of  felt,  flieu  with  a  smooth  piece 
(il  II  III  I  I  (In  '  I  111  I  Ju  finishing  the  blades 
,1    I  I  I  to  deaden  the  emery 

111  '  I     I  ipping  peukuives  and 

siuu.    I  ..  :    ,   I   .  ,  .i„  li      ^u^ed  by  rubbing  on  it 

a  lump  uf  cmory  cake.     A  white  colour  is  jirn  1 1 

on  steel  with  a  coarse  lap  and  heavy  pressui.  i>i  i| , 
work  upon  it ;  but  -nith  a  fine  lap  and  light  \u  --.wu  , 
gradually  drawing  the  work  from  one  end  to  the  other, 
a  black  polibh  is  produced. 

Wood  wheels,  called  r/lazers,  are  also  used ;  they 
are  arranged  in  0  or  8  pieces,  so  that  the  edge  or  face 
may  be  entirely  formed  of  the  end  grain  of  the  wood. 
Mahogany  is  preferred,  but  walnut,  oak,  crab-tree, 
and  birch,  arc  used.  These  wheels  are  mostly  fed 
with  emery  cake. 

PoUshing  wheels  M'ilh  wooden  centres  covered  with 
leatiier  are  also  used.  For  polishing  razors  and 
^ivsi  cutlery  the  leather  is  charged  with  crocus, 
and  the  wheel  is  always  used  dry.  Both  the 
polisher  and  the  blade  must  be  moderately  heated, 
or  a  good  polish  camiot  be  produced ;  the  heat  is 
usuidly  supplied  by  the  friction  of  the  surfaces.  The 
polisher  is  made  to  revolve  much  more  slowly  than 
other  wheels,  and  the  blade  is  moved  to  and  fio  from 
end  to  end  very  quickly  and  with  considerable  pressure, 
by  which  means  the  heat  is  equally  distributed :  the 
blade  is  not  drawn  slowly  across,  and  off,  as  in  lapping, 
but  is  moved  end-long,  and  is  pulled  off  quickly.  The 
man's  fingers  are  protected  from  the  heat  of  the  blade 
by  a  thick  piece  of  cloth  or  felt,  which  is  also  used  to 
supply  the  polisher  with  crocus  by  dabbing  it  upon  tlu 
diy  powder,  and  then  rubbing  it  upon  the  poUsher. 

The  handles  and  hafts  of  tlie  various  articles  of 
cutlery  are  furnished  by  the  cutler.  The  materials 
for  handles  are  very  immerous.  but  that  which  is  most 
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used  is  elephant  and  w  ah  us  ivory.  Other  substance? 
in  request  are  German  and  Indian  stag-hoiu,  buflalo 
and  cow-horn, loitoiseshcll,iiiothcr-of-peaii,  coco-wood, 
snake-wood,  &c.     Stamped  gold  and  silve 


Alt 


;  it  at  the 


[iiou,  piojM  1,11^  iioui  il.L  l.i.ai  .ii.oui  half-way  into 
the  hawUc,  and  to  seeuie  it  witli  melted  resin  mixed 
with  fine  ashes  or  mth  whiting,  in  order  to  impiove 


1    1 


nary  wear,  impossible.  It  is  seen 
entirely  by  mcohauieal  means,  wilhout 
tinv  kind  of  cement,  as  shown  in  Fi?  7 
1.1  will,  hit  will  bo  seen  that  in  a,l,li-io 
tli<  Il  il,  fur  the  reception  of  the  t  m 
shrill  mess  is  cut  out  on  niu-  '  .d  ,  i 
winch  the  end  of  a  m  i  '1  i  i  i 
or  otherwise  fasfi  i     I  ' 

and  thus  secures  lli 
together.  Wheu  tli  1 1,  .  i  i  , 
to  the  tang,  the  end  of  Ww  Litter  is  smqily 
inserted  into  its  hole,  and  the  moment  the 
detaining  end  of  the  spring  clears 
notched  edge  of  it"!  u  1 1  m,  it  t  ilU  in, 
acting  like  a  rat  chi  t  ,1  i     ■    ,     In     - 


dovelopi  '  '  I  I         I  lie, 

nORNauJ   1        .   ,  '1,11  11  lliu.o 

There  is  probably  no  article  of  cutlery  in  which  the 
])rocesses  are  more  numerous  than  in  a  penknife,  one 
with  three  blades  having  to  pass  through  the  finisher's 
hands  about  ]00  times.  "VViien  the  blades,  spring, 
and  scales,  as  the  iron  plates  at  the  side  are  called, 
nie  severally  bored  with  appropriate  holes,  they  aie 


sil^  at  liist 


liU  al 


,   tlRl 


and   then  pobsliLd  twice  on  the  bull'.     Ihe  I 
tlie  springs  are  glazed. 


CYANOGEN— CYCLOID-CYLINDER— DAilASK— DEALS— DECOCTIOX. 


Eor  letting  in  a  shield,  escutcheon,  or  plate  of  silver 
on  one  side  of  the  liaudle,  a  cavity  is  cut  out  by 
means  of  pattern  plates,  or  templets  of  hardened  steel, 
pierced  with  the  cxfevior  form  of  the  sliield.  The 
cutting  tool,  Fig.  706, 
is  like  the  ordinary 
breast-drill,  Fig.  707, 
S  or  10  inches  long, 
and  like  it,  is  used 
,  wil  li  the  breast-plate. 
Fig.  709,    and    drill- 


bow,  Fig.  70S;  but 
the  extremity  of  the 
tool  is  cleft,  or  made 
iu  two  branches, 
which  left  to  them- 
selves spring  open  to 
P'n-  '"S-  the  extent  of  an  inch 

lore.  Each  half  of  the  tool  has  a  shoulder  or 
which  bears  upon  the  surface  of  the  guard-plate, 
a  rectangular  cutting  part  which  protrudes 
igh  the  shield-plate  as  far  as  the  required  depth 
le  recess,  and  is  sharpened  both  at  the  ends  and 
,P  .;;,),..._  r-x  ■:}  tho  n;;!-:  nnlv,     ''S"e  Dkillixg.} 


cyanide  of  hydrogen,  or  hydrocyanic  or  prusslc  acid, 
(CyH,)  is  one  of  the  most  deadly  poisons  kno-wn. 

CYCLOID  (from  a  Greek  word  signifying.  Wee  a 
circle),  a  term  not  very  accurately  applied  to  a  curi  e 
which  is  traced  out  by  any  point  of  a  circle  rolling  on 
a  straight  line.  As  the  wheel  of  a  carriage  revolves, 
each  nail  on  the  ch'cumferenoe  describes  a  succession 
of  cycloids.  Tlie  properties  of  the  cycloid  will  be 
noticed  under  Pendulum. 

CYLINDER,  {KiXwhpo,,)  a  straight  lim 
round  the  circumference  of  a  circle,  keeping  always 
at  right  angles  to  its  plane,  wUl  describe  what  is 
a  right  cylinder ;  if  the  moving  line  be  oblique  to  tliat 
Iihuie,  it  is  called  an  oblique  cylinder.  The  uses  and 
applications  of  the  cylinder  and  of  oylindiical  surfaces 
in  the  arts  are  exceedingly  numerous  and  very  im- 
portant. 

D.UIASCUS  BLADES.     See  Gujj-baruf.ls. 

DAMASK,  a  textile  fabric,  variegated  with  figures 
of  flowers,  &c.,  woven  iu  the  loom.  The  manufacture 
is  said  to  have  originated  at  Damascus,  whence  the 
name.    -See  Weavino. 

DAMASKEENING.     See  Broxzixg, 

DEALS  are  boards  of  fir,  nl-n-r.  7  i'l  'lir-  in  width, 
and  exceeding  G  feet  iu  lriiL!l!  1:'  '  i  7  i:ielies 
wide,  they  are  called  bullet.       i    ,  ;i  i;  feet 


la-lh,  i 


rallrd 


Handl,  ,  . 


■iihlittl, 


ids  of  g. 


for  tbese  are  first  drilled  from  thin  pattern  plates  of 
brass  or  steel,  iu  wliicli  the  series  of  lioles  have  been 
carefully  made.  The  drill  or  p.is'P'-,  Fi^,  711".  Ins  nn 
enlargement  or  stop,whlch  by  rmi!:  .  i  1  •■,■,;■■  ,  <  with 
the  surface  of  the  pattern  plat  1.  -■  .f 

of  the  drill  from  penetrating  bry  ,,  i  1  r>  ,  i,m  .iijith 
into  the  handle.  The  holes  are  then  lilled  witli  silver 
or  gold  wire,  which  is  either  filed  and  polished  off 
level  with  the  general  sui'face,  or  allowed  to  project 

CYA^l  )i , !  x,  ,1  L  !-  .1^  iMMipoimd  of  carbon  and 
nitrogen,  I -\  I  1  ,  >  1  iVom /tuavor,  i/ae,  and 

yevviia,  1  .,  ,  <   :         ;nit  of  its  being  necessary 

to  the  foiiii,.au.i  oi'  J',n,...,j,i  blue.  It  is  interesting 
as  forming  a  perfect  type  of  a  salt-radical.  It  may 
be  prepared  by  heatmg  in  a  small  glass  retort  cyanide 
of  mercury,  well  dried  and  powdered :  metaUic  mer- 
cury is  produced,  and  cyanogen— a  colourless  perma- 
nent gas,  which  must  be  collected  over  mercury,  as 
it  is  very  soluble  iu  water.  It  has  a  pungent  and 
peculiar  odour,  something  like  that  of  peach-kernels 
or  hydrocyanic  acid  :  it  is  condensed  by  the  pressure 
of  3.6  atmospheres  into  a  thin  colourless  liquid. 
CJyanogen  burns  with  a  beautiful  purple  or  peach- 
blossom  coloured  flame,  producmg  carbonic  acid,  and 
giving  off  nitrogen.     Its  sp.  gr.  is  l-806i. 

The  interest  belongmg  to  this  subject  is  cliiefly 
chemical.  Under  the  head,  Prussian  Blue,  the  chief 
compounds  of  cyanogen  used  in  the  arts  wdll  be 
noticed.    The  compound  of  hydi-ogcu  and  cyanogen, 


(■i:r;  ili-Li,  I'.r  rip:'  ]  nf  X,Mv.:iy,  are  the  most 
esteemed.  Their  superiority  is  said  to  depend  on 
their  being  more  perfectly  sawed  than  other  deals ; 
but  it  is  really  due  to  the  quality  of  the  timber,  and 
the  care  with  •which  the  sapwood  and  other  defective 
portions  of  the  tunber  are  cut  away.     See  Woods. 

DECANTATION.  In  order  to  separate  a  fluid 
from  the  finely  divided  solid  matter  which  it  may 
contain,  the  solid  nuitU-r  i^  ,1!'  ''1  i.i  iriil,-  down, 
and  the  fluid  portion  is  tlieu  ;.  I       I        :    called 

decaiitation,  and  it  is  in  mv     .  :   i       ,    i  inr  to 

Jiliration.  The  fluid  may  br  (.'iiii!,!  iM  I,  ;>  i;iil,  and 
as  much  as  possible  removed  without  disturbing  the 
deposit;  but  it  is  usually  much  better  to  use  a 
syphon.  In  the  manufacture  of  smalt,  [see  Cob.alt,] 
the  process  of  decautation  is  largely  resorted  to. 
See  also  Emery,  &c. 

DECLINATION,  or  Variation  op  the  Magnetic 
Needle,  is  the  angle,  which  the  horizontal  needle 
makes  with  the  geographical  meridian  of  any  place. 
See  Compass. 

DECOCTION.  It  may  be  useful,  thus  early,  to 
describe  a  few  of  tlic  in-occsscs  used  in  chemistry 
and  the  chemical  ;mIs  f-r  r!i\  ■:^ij'  llir  solution  of 
different   substam  ,  \i       i    i    •   ■■    ii-   is   poured 

upon  a  substance,  :i.!  ,     ;    ;  ;     i  ii  I'nr  a  short 

time,  the  prncrss  i-,  ,  'led  /,'..■,■  luil  when  heat 
is  keiit  nil  fur  s.,;!ir  ii,iir  liy  the  application  of  fire, 
the  procr.'- 1.  rallrd  , .'  .■,,'„,;/.  Tlic  commou  method  of 
making  tea  is  an  i\aiiip!r  uC  iufusion  ;  and  when  coffee 
is  boiled  we  liave  an  example  of  decoction.  When 
cold  or  warm  water  is  poured  upon  a  substance,  and 
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Uxi. 


left  to  stand  for  some  time,  the  process  is  called  1  DEFLAGKATION  is  tlie  sparkliiig  combustion  of 
ndion.  When  a  soluble  body  is  separated  from  substances  without  violent  explosion,  as  wiieu  char  ■ 
usoluble  one  by  washing,  the  process  is  called  [  coid  or  sulphur  is  thrown  into  melted  nitre.  Glass- 
ialion.   "Suppose  it  were  necessary  to  separate  a    stoppled  jars,  used  in  the  lecture-room,  for  sliowiug 


salt  from  a 
size  should  li:,>>   ;:,    ; 
and  shouKi  i 
steadily  ret:  in  .  ^  ; 
the  ash,  of  >\n-\\  -I 
the  neck  of  the  fum 
first  place,  to  prevent 
placed  over  it.     Ha\ 
until  the  sui'face  ex|" 
diameter,  the  rest  sIk 
coarse  powder,  or  iii 
and  put  iuto  the  fuuiir 
If  the  substance  be  si 
■  of  sufficient  size  or  st 
the  funnel  antl  suiipoi 


■1  of  suffiei. 


ion  of  dllfereut  1 


n  the  neck  of    of  potash,  acetate  of  potash,  chloride  of  caloimn,  &c. 


be  s 


.|.lied   1 


the  rest,  then  its  place  should  |  Othei 


0  out  moisture  to  the  a 

;:    thus   sulphate  of  soda,  c 


into  the  funnel,  accordiug  to  circ 
tity  being  such  that  it  will  just  c( 
whole  is  to  be  left  in  that  sta(e 
tiouate   to   IL  '    -  Jiili:!:! ;,    'A    \\  ■ 
The  water  n>v    :    :^ 
gradually ui--  1 . -  i ;,      i     , 
tion,  wUl  deiCLud  ;;i  Ihr  fiL.    :. 
tions  with  the  water  not  yet  sutu 
a  solution  will  be  produced,  of  m 
below  than  above,  and  the  iipi  > 
will  be  washed  almo.^t  [■■•  :  '.'■  ■■' ' . 
"When  sufficient  time  i:      ' 
the  tpiantity  and  natui.        :  ' 


is  to  be  replaced,  fresh  water  added  above,  so  as  not 
to  disturb  the  arrangement ;  and  being  left  as  before 
for  a  time,  the  sccnnd  solution  should  then  be  with- 


DIAl'ER,  a  sort  of  One  llowcred  linen,  used  chiefly 
for  table-cloths,  napkins,  &c.     See  Weaving. 

DIASTASE,  see  Beek. 

DIE-SINKING.  In  stamping  money  and  medals 
the  preparation  of  the  die  is  all  important.  Details 
on  this  subject  will  be  found  under  Coining,  App. 
Dies  for  enti in;'  screws  also  require  much  care.     See 

P,,l;\\-     ;-if'\IU    '-!■',:■'.  use, — EnGKAVING. 

I)!':'  1!':;  ■.  l  ■"  .  invented  by  Papin,  closed 
'  Mliich  is  held  down  by  a 


bodv 


of  \- 


or  by  chei'iie   :  I  i  "f     furnished -fl 

sulphate  of  il'  r.  I'm  n  -n    -      .  ,•  ■     I  .  '    i  "     •''■ 

and  iron  as  its  ultimate  elements.  Ey  deoomposit, 
substances  are  produced  whose  properties  are  ess 
tially  distinct  from  those  of  the  compound.  Such 
not  the  case  by  mere  mechanical  action,  for  if  a  cc 

pound  be  reduced  by  grinding  or  other  mechaidcal    dimiuished  and  th 
'mpalpable  powder,  its  chemical  proper-    lu  Eig.  710,  a  porti 


ties  still  remain  unchanged.   See  Analysis. 


less  power,  according'  a^  ii  is  liullicr  h-M  <.r  nenrer 
to  the  fvderum.  This  valve  is  forced  open  \vhen 
the  pent-up  steam  has  acquired  a  certain  amount  of 
tei!sion,  and  a  portion  of  it  escaping,  the  temperature 
and  consequently  the  elasticity  of  the  steam  are 
of  explosion  avoided, 
of  the  side  is  represented  as 


I  broken  away,  in  order  to  shov/  the  arrangement  of 
le  valve,  &o.  A  common  form  of  digester  is  called 
1  autoclave,  Fig.  711,  on  account  of  the  lid  being 
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sel/Aeyed,  v.Xioiehy  it  becomes  steam  tight  by  tuimiig 
it  round  uiidei  chmps  oi  eais  at  tlie  sides  T'le  use 
of  the  digestei  is  to  subject  oeitam  aitides  of  lood, 
i,c    to  highei   tonipeiatuies   than  can  be    ittiuned 


?*^r®^' 


conducted  oidj  m  a  binall  -n  ay,  and  w  hen  *he  vapoui 
is  easily  coudenaible  oi  •nhtn  a  model  ate  heat  is 
apphed 

j?ig  732  shows  a  common  laboiatoiy  anangtment 
foi  distillation  uith  a  glass  letoit  and  leccner.  In 
Older  to  pioducc  a  complete  condensation,  the  neck 
of  the  rctoit  IS  co\cied  -^Mth  Imen  c.  bibulous  paper, 
kipt  constantly  \itt  by  cold  watei  dapping  upon  it 


when  i\  0  smf  ice  of  tht  boihi  ,  lun  id  r,  (.xpos^-d  to 
itiuospheiio  piessuic  [See  Lbullitio\  ]  The  lu 
citised  tempoiatnie  of  watei  thus  pioduced  enables 
it  to  sepuite  the  gel  dine  from  the  phobphato  ot  Imio 
of  bones,  but  the  soup  made  fiom  this  gelatme  has 
olten  an  empyienmilic  and  ammomacal  taste      Sec 

BoNE-CxELVTlNE 

DIMITl,  a  stout  cotton  cloth  omamentcd  cilh"i 
with  laised  stripes  oi  liguies,  and  employed  white  toi 
Led  and  bed  loom  fuimtuie 

DISTILLATION,  a  process  by  which  one  bodj  is 
scpaiatcd  fiom  another  by  means  tf  Ii  f  in  l  m_s 
wheie  one  of  the  bodies  asbui  i       1  It 

a  lower  tcmpci  dure  tinn  the 
mthefoimol  \apoui,  wluch  is  i  1 

in  a  "^epai  itc  ^  esscl     'V^htnth    \   ,  ii 

the  sohd  foim,  such  as  sulphm,  c  JjiulI,  .^l  ,  t'^e 
piocess  IS  termed  Sublihatiov  [See  ALEMJiic — 
C\MpnoE — SuiPHtTK]  In  this  case,  the  substance 
t  1  1  IM  1  «mlly  placed  m  the  lowci  put  of 
I  hf  it  IS  applied,  and  the  ^  apour 

I  nd  cooler  pait  adheres  to  it ,  c 
I     iig  imeited  over  the  lowei  one, 

II  L  \  ip  lui  is  c  jiulaised  withm  it  in  the  foim  of  a 
feoLd  cake  '^^Hieu,  however,  the  condensed  \apoji 
lb  obtauied  m  the  bquid  foim,  the  anangements  aie 
dilfeient  The  vapour  must  be  pieseived  m  its 
clastic  ioim  up  to  a  ceitain  height,  at  which  the  neck 
of  the  vessel  turns  by  a  sharp  euive  oi  an  elbow,  so 
thit  aftei  the  \apoui  has  been  condensed  into  the 
lifpiid  foim  it  descends  as  quickly  as  possible  Tlie 
height  ol  the  elbow  abo\e  the  pomt  where  the  heat 
IS  applied,  must  be  only  just  sulhcient  to  pie\ent  tlie 
mabs  below  fiom  boduig  ovci  the  neck.  TVhen  the 
neck  of  the  lower  vessel  is  of  great  length,  the  escape 
of  heat  must  be  prevented  either  by  giving  it  a 
polislicd  surface,  or  by  ooveruig  it  with  some  non- 
conducting body.  The  vessel  used  for  generating 
the  vapoui-,  if  of  large  size,  is  called  a  slill.  Distilla- 
tion as  carried  on  by  the  chemist  is  usually  by  means 
of  retorts,  and  the  vessel  that  receives  the  distilled 
matter  is  called  a  receiver;  this  is  perhaps  the  most 
shnple  method  of  distilling ;  but  it  can  generally  be 


Mrrtt. 


fiom  a  fuimel  oi  filtei .  a  few  threads  of  twisted  tow 
di  \w  off  this  watei  mto  a  basm  The  contents  of  the 
letoit  aie  vajioiizcd  by  means  of  the  gas  flame,  and 
the  vapoui  prssmg  along  the  neck  may  be  wholly  or 
paitially  condensed  ai  y -vapour  which  escapes  con- 
densation pisses  into  the  quilled  icecnci,  wlicie  it  Ls 
condensed  ,  the  bottle  cout  iimiig  the  dibtillcd  pio- 
duet  being  suiioundcd  with  water,  oi,  if  neccbsny, 


low  n  m  Fig  713,  consists  of 
tube,  IS  01  20  uiclies  long, 


and  of  a  diametei  of  about  IJ  oi  2  inr lies  at  one  end 
and  an  meh  oi  less  at  the  other  thib  is  endobcd 
watei  tight  m  a  wider  and  shoitei  metal  tube,  to  the 
low  er  end  of  which  is  attached  a  fuimel  suppbed  with 
a  small  current  of  cold  watei  fiom  a  cistein  above. 
As  the  cold  water  enters  the  bottom  of  the  tube,  it 
gradually  ascends,  and  becomes  warmed  by  condensing 
the  hot  vapours;  and  having  performed  its  useful 
office  of  keeping  the  tube  cool,  it  drips  or  flows  off, 
according  to  the  supply  from  the  cistern,  by  the 
hanging  tube.  The  whole  arrangement  will  be  evi- 
dent from  an  inspection  of  the  figure. 

The  stiU  is  usually  so  arranged  as  to  present  a  lai  gc 
sm-face  to  the  fire.    For  this  purpose  it  is  ( 
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made  in  the  form  of  a  frustum  of  a  couc,  the  base 
being  as  large  as  it  can  couvenieiitly  be  made,  aud 
tlie  height  sm;Jl.  The  neck  should  be  wide  enough 
to  convey  away  the  vapour  as  fast  as  it  is  formed : 
tlie  height  of  the  neck  must  be  regulated  by  the 
natm-e  of  the  substance.  If  it  be  mucilaginous,  such 
as  the  wash  from  wliich  spirit  is  distilled,  the  neck 
should  be  longer,  to  prevent  its  boEiug  over.  The 
cud  of  the  descending  part  of  the  neck  is  inserted 
into  a  spirally  t\nstcd  pipe  called  the  tcorm  The 
worm  is  continued  in  a  worm-tub,  about  6  or  8  times 
tlie  capacity  of  the  still.  The  worm  enters  on  one 
side  of  the  tub  at  the  top ;  it  then  passes  spii'ally 
in  about  6  or  S  convolutions  to  the  bottom,  where  it 
comes  out  of  tlie  side  in  order  to  discharge  the  liquid 
arisuig  from  the  vapour  condensed  within  it  by  means 
of  the  cold  water  with  which  the  tub  is  fUled.  The 
water  is  kept  cold  in  the  tub  by  the  warm  water 
flowing  away  from  tlie  top  whilst  a  supply  of  fresh 
cold  water  is  admitted  at  the  bottom.  It  is  of  im- 
portance to  keep  the  worm  as  cool  as  possible,  because 
the  object  is  not  merely  to  condense  the  vapour,  but 
to  cool  the  liquid  resulting  from  it,  in  order  that  it 
/  be  less  liable  to  evaporation  after  coming  over. 
Fig  71i  shows  a  common  foim  cf  still,  in  whii  li  s  i^ 


the  flue  aU  roimd.  This  narrow  aperture  prevents 
tlie  rapid  escape  of  the  heated  vapour,  and  allows  it 
to  be  expended  on  the  vessel. 

The  process  of  distillation  is  exceedingly  important 
in  a  manufactm-ing  poiut  of  view,  the  business  of  the 
dlstUler  being  to  prepare  the  enonnous  quantities  of 
ardent  spirits  which  are  consumed  in  this  country  and 
exported.  The  processes  of  the  distiller  preparatory  to 
the  act  of  distillation  resciublc  in  many  respects  those 
of  the  brewer.  [See  Beeu.]  He  prepares  a  saccharine 
solution,  or  wort,  and  sets  it  fermenting  by  the  aid  of 
yeast ;  but  instead  of  allowing  the  alcohol  thus  formed 
to  remain  in  the  liquor,  as  in  the  ease  of  malt  liquors, 
he  separates  it  by  distillation.  In  all  the  varieties  of 
ardent  spirits,  alcohol,  formeil  by  the  fermentation  of 
sugar,  is  the  intoxicating  principle:  the  aroma  or 
peouHar  flavour  which  distmguishes  one  spirit  from 
another  seems  to  be  due  to  the  presence  of  an  essen- 
tial oE  derived  from  the  substance  employed  to  furnish 
the  saccharine  solutiuu.     Thus  the  bugar-cauc  yields 

WestLulir  .  ■!:.•_  .  ;.,  :!  .„.  ._.,..  '_  ':.  •...iirs 
brandy,  and  l./„uJj  i„  ul.h.iu.  J  1/,  iL„l;:1i!i-  wu.c;  it 
is  made  iu  large  quantities  in  Trance,  l^paill,  and 
other -5^  me  countries.     Giu,  wliiskey,  &c.,  are  obtained 


;   I  he  b 


the  stJl,  n  the  head  w  the  ^oim,  and  r  the  woim- 
tiib  01  icfugeiator 

The  auangement  of  the  fiie  foi  heating  the  stdl  is 
of  impoitanoe  The  fiie  should  be  so  phced  iipon 
a  grate  that  a  due  supply  of  an:  be  admitted  to  excite 
a  vigorous  combustion :  no  air  should  be  supplied  but 
through  the  grate ;  and  the  quantity  of  heat  will  be 
greatest  when  the  aii-  which  enters  is  not  more  than 
sufficient  for  the  combustion ;  an  excess  only  serving 
to  cool  that  which  the  fire  had  heated.  The  products 
of  combustion  should  escape  at  a  point  not  higher 
than  tlie  level  of  the  grate,  so  that  the  heated  matter 
before  escaping  may  impart  its  heat  to  the  vessel.  In 
(l.e  common  spirit-stiU  the  bottom  is  circular,  and  tlie 
exterior  surface  presented  to  the  fire  is  concave.  The 
(h-e  is  iilacedinthe  middle  of  the  circle,  as  in  the  fur- 
nace of  Fig.  720 :  the  flame  and  heated  vapom-  first  rise 
up  against  the  middle  of  the  concave  bottom,  then 
move  towards  the  periphery  of  the  cii-cle,  and  descend 
as  low  as  the  level  of  the  gi'ate,  and  cuter  the  flue 
through  a  narrow  neck,  which  extends  through  the 
whole  perijihcry  of  the  circle,  and  which  opens  into 


mdk  an  ardent  spirit  named  koumiss.  Arrack  is 
prepaied  from  the  juice  of  the  oooo-nut.  [See  Coco.] 
The  manufacture  of  ardent  spirit,  as  conducted  m 
this  coimtry,  from  graiu,  as  iu  the  preparation  of 
whiskey,'  comprises  foui'  principal  processes :  vi2. 
1,  mashmg;    2,  cooling;  3,  ferment iug,  and  4,  dis- 


which  is  malted,  in  cn:  I   ' 

1    Mu^Jiiuff.—'Yhc  1        ,, 
and  themdt  is  crushed  1^1  v,CL:LrJ_;..'  I'k  Tir 


the  Scotch  disUllcis,  (who 
iducted  this  branch  of  manufacture  \vith 
great  skdl  and  success,)  iu  which  the  proportions  are 
40  bushels  of  barley  and  20  of  malt  The  mash-tun 
is  of  cast-iron,  and  tno  water,  measuring  700  or  SOO 
wine  gallons,  is  let  in  at  the  temperature  of  150°, 
The  mashing  is  coutiiuicd  from  I  to  4  hours,  ciliicr 


aik 
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admitted  at  intervals,  at  tcmperatm-es  varviiig  from 
190°  to  205°.  The  masliing  being  compieted,  the 
whole  is  left  for  about  2  houi-s  for  iiifusicn,  as  the 
distillers  term  it.  Dm-ing  this  time  the  grains  sink, 
leaving  the  liquid  but  muddy  wort  above.  A  con- 
siderable portion  of  starch  remains  vmaltered;  but 
the  wort  gradually  increases  in  sweetness  from  the 
beginiJng  to  the  close  of  the  operation.  The  wort  is 
di-awn  off,  not  as  in  making  beer,  at  the  bottom, 
because  it  will  not  pass  through  the  sediment  of 
barley  meal :  it  is  dra-\\Ti  off  from  the  top  by  a  tube 
pierced  full  of  holes,  and  rising  at  one  comer  of  the 
mash-tun  as  high  as  the  surface  of  that  vessel.  The 
quantity  of  wort  does  not  exceed  one-thii-d  of  the 
water  employed;  the  1,200  gallons  yielding  only  400 
gallons  of  wort.  To  prevent  the  loss  of  the  remaining 
two-thirds  of  the  wort,  about  500  gallons  of  water  at 
190°  are  let  in,  and  the  whole,  being  well  mixed,  is 
left  for  an  hour  and  a  half  to  infuse,  and  it  is  then 
di'awn  off.  The  grains,  having  been  deprived  of  the 
greater  portion  of  theii-  starch,  now  part  more  freely 
with  the  water ;  and  in  order  to  carey  off  everything 
soluble,  about  800  gallons  of  boiling  water  are  let  in 
upon  the  grains :  the  whole  is  stiiTcd  up  during  20 
minutes,  and  left  for  infusion  about  30  or  40  minutes. 
The  weak  wort  which  is  di-awn  off  is  used  for  mixing 
with  the  meal  and  malt  in  tlie  next  bre^ving,  or,  being 
boiled  down  to  the  requisite  strength,  it  is  mixed 
with  the  first  and  second  woi-ts  in  the  fermenting 
vessel.  Some  distUlers  even  make  a  foui'th  mash 
with  boiling  water,  and  use  the  wort  instead  of  puie 
water  in  the  next  day's  brewing. 

It  is  important  that  the  distiller  should  be  able  to 
regulate  the  strength  of  his  worts  with  precision,  as 
the  duty  is  regulated  thereby.  The  qxiantity  of  spirit 
from  100  gallons  of  feimented  wort  is  requu-ed  by 
be  14  gi'Jlons :  at  any  rate,  the  Scotch  dis- 
they  prodace  it  or  not. 
of  spirit  of  the 


tillers  p 
specille 

of  grain, 


that  dut. 


li.iiu  100  gaUc 

Muih  of  the  wort  to  be  at 

With  the  above  quantities 

r,  the  first  worts  will  be  of 


the  strength  of  about  73 lbs.  per  barrel;  the  second 
worts  501bs.  per  barrel,  and  the  two,  when  mixed, 
62  lbs.  per  barrel. 

The  distiller  has  been  for  a  long  period  so  much 
fettered  by  excise  regulations  as  to  have  had  no 
opportunity  of  vai-ying  and  improving  his  manufac- 
ture. The  illicit  distiller,  unimpeded  by  t !  i  i .  :  a  : ,  ■  s 
of  law,  has  been  able  to  'produce  a  bc-ttn-  ;  :  i  i>  i  ,  i  , 
using  malt  without  any  admixture  of  ra\i  _ :  i , 
also  said  that  the  superiority  was  parti \  iliu-  \,i  lir 
slow  mode  of  distillation  adopted  by  the  smuggkr. 
Tills  snperioi-ify,  perhaps  further  recommended  by  its 
greater  cheapness,  woidd  be  siure  to  be  appreciated 
among  a  whiskey-drinking  people  :  the  illicit  distiller 
would  therefore  be  favom-ed  and  protected,  and  thus 
the  morals  of  the  people,  the  revenue,  and  the  regular 
manufacturer,  would  all  suffer  in  consequence  of  iu- 


Of  laic  years, 


e  govcn 
',  the  distillers  have  been  al- 


lowed to  distil  from  malt  at  nearly  the  same  rate  as 
they  formerly  did  from  raw  grain,  and  hence  the  high 
reputation  of  smuggled  whiskey  has  declined,  and 
^vith  it  the  occupation  of  the  smuggler.  The  restric- 
tions mider  which  the  distillers  were  placed  were  s 
to  be  necessary  in  order  to  ensure  the  payment  of  the 
duty  on  the  spirits  actually  distilled.  But,  as  Dr. 
Thomson  suggests,  the  duty  might  be  levied  with 
as  much  accuracy,  though  all  restrictions  ou 
strength  of  the  wort  v.-ere  removed .  "  From  a  number 
of  experiments,  conducted  ou  a  large  scale,  we  c 
elude  that  the  fermentation,  however  successful,  is 
capable  of  decomposing  only  four-fifths  of  the  whole 
saccharine  matter  contained  in  the  wort.  Further, 
we  find  that,  for  every  pound  of  saccharine  matter 
decomposed  by  the  fermentation,  there  is  furmed  half 
a  pound  of  alcohol,  of  tiic  m,'  -r  n."  .'i  Nuw,  every 
gallon  of  spirits  of  the   -p  .    I  to  10 

over  proof,  contains  4.rilli-     i  ,  ,.■  tp.  gr. 

0.825.  To  form  a  galbm  .f  -;.i,i-N  ;!.  m,  of  the 
sp.  gr.  0.90917,  there  is  requii-ed  the  decomposition  of 
9.2  lbs.  of  saccharine  matter.  But  as  only  four-fiflhs 
of  the  saccharine  matter  present  are  decomposed,  we 
must  increase  9.2  by  a  fifth,  which  will  raise  it  to 
lljlbs  The  rule,  therefore,  for  levying  the  duty  o 
the  distillers  would  be  this : — Ascertain  by  the  sac 
charometer '  the  strength  of  the  woi-t,  or  the  number 
of  pounds  avoirdupois  of  saccharine  matter  which  it 
contains,  and  for  every  II3  of  these  pounds  charge 
the  duty  upon  one  gallon  of  spirits.  This  would  be 
no  hardship  upon  the  distiller.  He  would  find  that 
the  flavour,  aud  eousequcnliv  ihr  \:ilii  >•{  his  spirits, 
iucreases  as  he  diminishi-  '  .   ii:>wort., 

aud  that  the  produce  of  i-inu;    .1 \\.>  ,  ..!,,>  i,iiautity 

of  grain  increases  also  as  Lc  uimiimlns  lijc  strength 

2.  Cooling. — ^As  wort  from  raw  grain  teuds  to 
acidity  sooner  than  wort  from  malt,  the  distiller  cools 
his  worts  as  quickly  as  possible.  They  are  removed 
from  the  underback  to  the  coolers,  consistmg  of 
shallow  wooden  vessels,  in  the  upper  part  of  the 
building :  the  depth  of  the  sheet  of  wort  may  be  1,  2, 
or  3  inches,  according  to  cu'cumstances.  Another 
method  of  cooling  is  by  passing  the  wort  through  pipes 
immersed  in  a  stream  of  cold  running  water.  There 
is  no  evaporation  in  this  method,  as  there  is  in  the 
former,  and  consequently  the  strength  remains  the 
same  after  cooling  as  before.  This  is  of  some  disad- 
v:\ntage  to  the  distiller,  as  the  duty  is  levied  on  the 
,-  :.  ;,.i,liv.. 11  the  strength  of  his  worts.  During  the 

,1  (  io  a  considerable  deposit  of  flocky 
•  ug  chiclly  of  starch:  this  is  swept 
in;  I  tlir  li.iiirnting  tun,  and  is  supposed  to  assist 
the  I'emicutation.  ATinter  is  the  usual  season  for  tiie 
operations  of  the  distiller,  as  it  is  diflicult  in  warm 
weather  to  keep  the  fermenting  room  sufficiently 
cool.  The  worts  are  let  down  at  about  70°,  and  the 
second  worts  at  60°  or  05°. 

3.  The  process  <Afermentation  is  the  most  important 
part  of  the  manufacture,  as  on  it  the  profit  or  the  loss 
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of    t.b.e   manufacturer    chiclly  dopciuh.     The   yro; 
V.  iiicli  is  suDolied   by  the  portci-  ,     1   ;ilr    1iii>m! 
iiuiit  be  of  tue  best  quality.    Porli 
already  iudicated,  about  27  galimi    > 
required,  or  30  gallons  if  the  yc:  :    !.■  <•':   i;  ir 
quality.     A  portion  ou]y  is  first  mi,\rd  with  the  wni 
oilier  portions  being  added  on  the   second,   thir 
fourth,  and  oven  ou  the  sixth  days.     Sonic  dlKtilh; 
add  Ogallous  every dayfor  it  days.    The  fenupnt:iii. 
may  last  0,  10,  11, 12,  or  oven  13  day:j.     1  ):i i :       - 
first  0  days  the  fermenting  tuns  are  left  oin  n  ,  i 
top,  or  are  oidy  partially  covered ;  but  i.n  !  , 
day  they  are  shut  up  for  the  purpur  (f  ,.   ,i: 
carbonic  acid  gas,  wliich   in  csr:i: 
portion  of   alcohol,   and  thus   .-  1 

generally   ha|ipciis,  however,  tli:'!    ::       ;      ■     ,■    : 


illers  I  rust  to 
■  brewers,  that 
i  otherwise  in 
iiig  yeast  with 


by  preventing  its  ready  escape  tlic  attenuation  oi 
the  wort  is  supposed  to  bo  greater  than  it  other- 
wise would  be.  This  may  be  true,  because  it  is 
known  that  carbonic  acid  may  be  substituted  for 
yeast  as  a  ferment.  The  distiller  does  not  collect 
any  yeast  from  bis  worts,  but  beats  it  all  info  the 
liquor ;  he  supposes  that  by  collecting  it  the  fernicut- 
atiou  would  be  less  complete,  and  the  alcoholic  jirodiict 
diinimshcd.  During  the  fermentation  the  temperature 
of  the  wort  rises  considerably;  often  as  much  as  ?0° 
or  2.5°,  so  that  if  let  down  at  57°  its  t,iii|M  !:i!  i;,  i  i 
rise  to  7S°or  S2°  about  the  fourlli  '     i  '■      '  : 


bubbles 


decomposition,  in  consequence  of  the  anti-fennentint 
power  of  the  alcohol  evolved.     Hence   it   is  mori 
profitable  for  the  distiller  to  operate  with  weak  worti 
than  with  strong  ones,  for  the  weaker  the  original         i'; 
wort,  the  less  wUl  be  the  quantity  of  the  saccharine  '  ' 
matter  which   escapes   decomposition.      When   the     '    I 
heat  is  at  its  maximum  nine-tenths  of  the  wliolo  Ml r- 
nuation   has  been  completed.      The   objiri    •.(    il  .■ 

distiller  is  to  render  his /rr's//,  or  fermculn I  \  <  ■ 

light  as  water,  and  lie  wUl  be  able  to  do  so  un:.      :  : .     i^  iiuii 
yeast  be  of  bad  quality,  ;  of  .all  r 

When  yea,st  cannot  be  readily  procured,  a  substi-  j  tells  n 
tute   called  I17/I1  is   employed.      It  is   jirepaved  by  |  champ; 


r.HjIers,  to  lower  its  temperature,  and  tlici: 
il,  after  wliicb  the  process  proceeded  at  ." 
e  rate ;  and  in  all  eases,  towards  its  close, 
c  of  fermentation  gradually  dim!: 


the   temperature   decre 
acq'.dres  the  temperatu 


till   at   last   t 
e  of  the  tun-room 


thoi 


i-lily  1 


le  found  to  lag,  some  yeast  is  added ;  but  for  |  faces.     We 
le  purposes  the  whole  quantity  of  bub  and  yeast  j  (i)  xhon 
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The  wash-backs  or  fenneiiting  tuiis  are  of  large 
size,  to  prevent  the  heat  from  being  dissipated ;  and 
thej  are  only  partly  filled,  to  prevent  the  wort  from 
frothing  over  when  it  is  in  full  fermentation.  Some 
distillers,  however,  fill  the  tuns  almost  to  the  top, 
and  close  the  mouth  tightly  with  a  lid,  from  which  a 
tube  passes  to  an  open  vessel  placed  above  the  tun, 
EO  that  when  the  hquor  swells  by  fermentation,  it 
passes  up  the  tube  into  an  open  vessel,  and  runs 
down  again  when  the  fermentation  subsides.  The 
fermenting  tuns  are  sometimes  made  in  the  form  of  a 
cone  standing  on  its  larger  base,  and  either  round  or 
oval,  but  sometimes  they  are  square :  some  are  of 
wood,  others  of  iron.  Iron,  being  a  better  conductor 
of  heat  thau  wood,  has  this  advantage,  that  either 
hot  or  cold  water  may  be  applied  in  an  outside  case, 
to  regulate  the  temperature  of  the  wash  contained  m 
tiie  back. 

4.  As  soon  as  the  fermentation  is  over,  the  wash 
is  distilled.  The  stills  formerly  used  were  very  large 
and  deep,  and  a  whole  week  was  requii'ed  to  complete 
the  process  in  one  still.  About  the  year  17S7,  how- 
ever, an  alteration  was  made  in  the  method  of  levying 
the  duty,  with  the  view,  as  it  was  supposed,  of 
making  it  more  difficult  for  the  distillers  to  evade  it. 
The  duty  was,  accordingly,  tevied  on  the  distillers  by 
a  licence  paid  at  the  commencement  of  the  season 
on  every  still  in  use,  according  to  its  capacity.  The 
quantity  of  s))irits  which  a  still  of  known  dimensions 
could  produce  in  a  year  was  calculated,  and  the  sum 
paid  for  the  licence  was  laid  on  it  accordingly.  This 
plan  saved  the  excise  officers  much  trouble,  but  the 
distillers  took  advantage  of  it  with  very  remarkable 
residts.  The  very  next  year  after  the  plan  came 
into  operation,  a  lirm  in  Leith  diminished  the  height 
and  increased  the  diameter  of  the  bottom  of  their 
stills,  so  that  by  exposing  a  much  larger  surface  to 
the  action  of  the  fire  they  could  distil  off  the  contents 
in  a  few  hours  instead  of  once  a-weok.  In  this  way, 
by  producing  a  large  quantity  of  spirits  from  a  very 
small  still,  they  paid  a  much  smaller  amount  of  duty 
tlum  thcii-  neighbovu-s.  A  discovery  so  important  in 
its  pecuniary  results  was  not  likely  to  remain  a  secret 
very  long.  After  some  months  the  practice  was 
adopted  by  other  distillers,  and  it  soon  became  general 
in  Scotland.  Parliament  met  the  case  by  increasmg 
the  licence  duty;  this  was  done  several  times,  but 
after  each  increase,  the  manufacturers  worked  then- 
stUls  quicker  and  harder  than  ever,  so  that  tliey,  and 
not  the  revenue,  wore  the  gainers.  In  1799  a  Com- 
mittee of  the  House  of  Commons  was  appointed  to 
ijivestigate  the  subject,  and  in  consequence  of  then: 
report  the  licence  was  laid  on  the  distiller  on  the 
supposition  that  he  could  discharge  his  stUl  every 
8  minutes  during  the  whole  season  that  the  manu- 
factoi-y  was  m  operation.  These  8  minutes  were, 
however,  considerably  shortened  by  the  distiller,  but 
the  savmg  in  tune  was  accompanied  by  such  an 
enormous  waste  of  fuel,  as  to  render  the  additional 
profit  doubtful.  In  1815,  the  last  year  of  the  licence 
duty,  a  still  of  80  gallons  could  be  completely  distilled 
off,  emptied,  and  ready  for  a  new  operation  in  3^ 


mmutes,  and  in  some  cases  3  minutes;  and  a  stiU 
of  40  gallons  in  2^  minutes.  At  this  time,  however, 
a  change  was  made  in  the  excise  laws ;  the  licence 
duty  was  aboHshed,  and  the  whole  duty  was 
levied  as  in  England  on  the  wash  and  the  spirit 
produced.  After  this  the  slow  process  of  distillation 
was  again  adopted;  not  so  slow  as  before,  for  the 
quick  method  left  some  of  its  traces  behind,  and 
the  new  stiUs  were,  accordingly,  made  to  resemble 
the  quick  ones  in  the  large  diameter  of  then-  bottoms, 
and  thou-  comparative  shortness  compared  with  the 
stills  used  in  England. 

Various  forms  of  distillatory  apparatus  are  used  m 
Scotland,  the  principle  of  which  will  be  described 
presently.  "We  will  iu-st  speak  of  the  operations  a; 
conducted  by  the  common  still,  before  we  refer  to 
more  complicated  forms  of  apparatus. 

"When  the  wash  has  been  put  mto  the  stdl  the  top 
is  fixed  down  and  heat  appHed.  As  sphit  is  m 
volatile  than  water,  it  passes  over  first  in  the  foni 
vapour,  and  is  condensed  into  a  liquid  in  passing 
through  the  wonn.  The  fii'st  portions  are  veiy  strong, 
but  the  strength  diminishes  as  the  process  proceeds ; 
for  the  same  heat  which  drives  over  the  vapour  of 
alcohol  also  diives  over  some  vapour  of  water,  an" 
tlie  two  being  condensed  together  mingle  in  the  liqui' 
state.  At  the  beginning  of  the  process  much  mor 
alcohohe  than  aqueous  vapour  passes  over,  an' 
towards  the  end  of  the  process  much  more  aqueous 
than  alcoholic.  When  the  hquid  that  comes  over  is 
as  heavy  as  water,  or  nearly  so,  the  process  is  stopped. 
The  strength  is  tried  every  now  and  then  by  means 
of  a  small  hydrometer,  and  when  a  certain  mark  on 
the  instrument  coincides  with  the  surface  of  tlie  liquor, 
a  cock  at  the  bottom  of  the  stUl  is  opened,  and  the 
spirit  wash  is  let  off.  It  is  a  muddy,  brown  liquor, 
still  containing  imdecomposed  saccharine  matter :  i 
used  as  food  for  cattle ;  they  are  very  fond  of  it,  and 
fatten  quickly  upon  it. 

At  the  commencement  of  the  operation  the  still  is 
apt  to  boil  over.  To  prevent  this  it  is  usual  to  throw 
a  bit  of  soap  mto  the  wash :  this  is  partly  deeompos 
and  the  oily  matter  spreads  on  the  sui-face  and  forms 
a  thm  coat,  which  breaks  the  large  bubbles  when  they 
reach  it,  and  thus  prevents  the  wash  from  sweUing 
beyond  the  proper  hulk.  Spults  may  sometimes  be 
met  with  having  the  nauseous  taste  of  soap:  this 
arises  from  morsels  thereof  having  been  accidentally 
forced  mto  the  wonn,  and  afterwards  dissolved  by  the 

The  weak  spiiit  obtamed  by  the  first  distillation  is 
called  !ow  wines  in  Scotland.  Its  specific  gravity  at 
s  about  0.978 ;  it  contains  about  one-fifth  alcohol 
of  the  sp.  gi-.  0.825,  the  remaining  four-fifths  being 
water.  The  loie  wines  are  disttUed  a  second  time 
by  a  process  called  doubling ;  the  first  portion  that 
comes  over  is  a  milky  liquid;  this  is  caHeiiforeshot ; 
it  is  loaded  with  oil,  and  has  a  disagreeable  taste ;  it 
is  returned  back  to  the  low  wines  and  distilled  again. 
TV'heu  the  spu-it  begins  to  run  transparent  from  the 
end  of  the  wonn,  it  is  allowed  to  flow  into  a  receiver 
prepared  for  the  pui-pose.     "UTien  the  specific  gravity 
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rl  a  certain  ))oInt,  n 
,  tlio  spirits  arc  no  I 


hvdi-onu'tc 
uito  the 
clistillatici 
nearly  ati 


The  distm:ii;u;i  >  ;■  '!;-  '.  ^x  v.-;,  I-  o  r/.i,  :-l  1  il  llv 
whole  of  the  alcohol  is  brought  to  that  dcgixc  of 
strength  which  is  adapted  to  the  market.  The  strength 
at  wliich  the  duty  is  levied  on  them  is  1  to  10  above 
1  ..1i  i  1  l<  r  pill  if;  this  corresponds  to  the  sp.  gr. 
c  not  allowed  to  scud  out 
iigth 


gth  than  this,  or  of  a 


The  Scotch  distillers  use  t 
for  malting,  for  this  when  mil 
than  raw  grain:  but  when  v; 
answers  the  purpose  as  well  ; 


ofsp. 


drcady  been  stated,  tliat  in  addition  to  the 


let  into  a  fermenting  back  at  S0° :  half  a  gallon  of 
yeast  is  added;  tlie  temperature  rises  to  90°,  and  the 
fermentation  is  over  in  48  hours.  The  wash  is  at- 
I.  !iMl(d  until  the  gravity  is  about  12  or  15lbs.  per 
:  ;i  L  Both  the  wash  and  gi'ains  arc  then  put  info 
■::  ;ni;  the  low  wines  are  distilled  off;  these  are 
1:  j-liUcd,  and  the  product  is  rectified.  A  few 
juniper  ben-ies  and  some  hops  arc  used  to  commuui- 
cate  a  peculiar  flavour  to  the  spirit. 

Instead  of  referring  to  the  article  Still  for  a 
detailed  description  of  that  most  important  apparatus, 
it  will  be  desirable  to  introduce  what  wo  have  to  say 
on  the  subject  in  this  place. 

We  have  seen  that  whru  a  miivod  liquiil,  consisting 
of  two  ingredients  i  ;'  i:!'i>  r.  ,i:  m  .!■  -  -  m'  m  ^tllity,  is 
exposed  to  the  ac-i     :    r  '      '  '  i"'d,  the 

more  volatile  ingv.  i  ,   ,  ;     ■  in  tlius 

be  separated  m-orc  ur  1. :  j  i  ■■IV-'',,  '.'i':"  il"'  less 
volatUe  portion.  If  the  diircrcuce  bawcen  the  boiling 
points  of  the  two  liqidds  be  not  very  great,  the  sepa- 
ration is  imperfect,  a?,  for  CTvamplc,  in  a  mixture  of 


.:n-   of 
ii.n  of 


itisthcl>ll-   •!  I   l":-   .■      '■■   •■'..   i:      '     -.r   I''.      ~ 

The  rci-:,         ;■     ■  '.  ■•:;,:■.:    <\\]rv 

inthcStati'.jl    Wl','!     l-    r  ::\rA   .■       -         •     •';    II,:.'   1-    !:l;,illS 

all  the  volatile  impurities  which  pass  ovrr  in  the  iirst 
process.  The  rectifier  purifies  his  spirit  by  a  method 
of  his  own,  but  his  distilling  apparatus  by  the  old 
plan  is  in  every  respect  similar  to  that  used  by  the 
distiller;  only  he  applies  his  hc:it  ".;:;i  ■_  n  ..'.  i  f  nili'in. 
It  does  not  always  happen  tlii'  T  >  'MS 

the  offensive  aroma  from  tlic  i;i'.  '.  mi'i- 

stitute  aiiiitl:'!-  ^■■^•^^    r,--;  r:    :  /i  ,      ,        .  ,     I ':'  ■ 

dant,  the  water  exerts  a  greater  attvmii  ■  .   '■  : 

alcohol  than  the  alcohol  does  for  the  oil  , 

of  the  oil  thus  becomes  free,  and  gives  !',     i   ; 

milky  appearance.     The  oUs  are  in  suili  ■ 

rated  by  adding  alkalies,  winch  forming  >     i 

pounds  therewith  do  not  pass  over  willi 

at  the  moderate  heat  employed  in  the  ii .  n,  .  ii.    i. 

By  the  addition  of  acids  the  oils  are  eonvciicd  lulo 

resinous  substances,  by  which  they  also  become  less 

■\Vhiskcy  and  gin  arc  by  far  the  most  important 
varieties  of  spirits  produced  by  British  manufacture. 
The  Dutch  are  celebrated  for  the  inanufacturc  of 
gin,  Geneva,  or  Ilollands.  According  to  Dr.  Tliomson, 
the  following  is  the  process: — llSlbs.  of  barley- 
malt  and  22Slbs.  of  rye-meal,  are  mashed  with  KiO 
gallons  of  water  at  162°.  After  infusing  a  sufficient 
time,  cold  water  is  added  until  the  gravity  of  the 
wort  is  reduced  to  45lbs.  per  baiTcl.     The  whole  is 


the  vapour  of  wafer,  so  tli:it  the  distilled  li(iuid  is  not 
alcohol,  but  a  mixture  of  alcohol  and  wafer.  At  the 
commcneemcntof  the  process,  the  boiling  point  of  tlio 
mixture  is  something  intermediate  between  Ihc  boiling 
points  of  the  two  liquids  when  separate,  vh.  170°  and 
212° ;  it  is  probably  about  190°,  but  as  the  alcohol 
distils  over,  the  temperature  gradually  rises  uufil  all 
the  alcohol  has  cUstillcd  over.  :e,  1  :  i..  :i  il  n.  I'l  !-  212°. 
Hence  it  wUl  readily  be  sci  i'  .i  iriinns 

which  pass  over  wUl  contain  1.  !i  In- last 

portions  most  water.  As  f!ir  '  '.  ;  ■  i;  i  :  -s  into 
the  worm  (Fig.  714),  it  graduaUy  ciuls  in  descending.: 
the  water  which  surrounds  the  worm  being  hottest  &\ 
the  top,  gradually  cooling  in  the  middle,  and  bceomhig 
r.il.l  nt  the  bottom,  the  difTerenecs  of  temperature  in 
■'.  ,..jrm  varying  from  the  temperature  of  tlic  boiling 
1 1  ,     :■  f  0  that  of  the  atmosphere.    Now,  as  the  alcohol 


,  ;  ;,     \    .    :    i;:,i,  ,    :,;    li'iii;.!  iMiiiii  <  .  >,■  '   ;:i    illllVrcnt 

,  I  -  ul'  the  worm,  it  follows  that  the  vapemr  of  alcohol 

' '   iilcnscd  at  one  part  of  the  worm,  and  the  vapour 

I  ■:  v>  ,,!er  at  another  part.   The  vapour  of  water  begins 

is  immediately  reduced  to  a  1   .  .  i   I  .  «■  than 

212°, wliich  is  ucocssai-y  to  i!- ...1  •  i  r.  The 
vapour  of  alcohol,  however,  i:i;i  i  ,i  i  ,1  u  much 
lower  temperature  than  that  of  watci-,  so  fliat-  in  tliose 
parts  of  the  worm  where  the  vapour  of  water  is  being 
condensed,  the  vapour  of  alcohol  retains  its  elastic 
state,  and  passes  on  to  th.-it  lower  iwrt  of  the  worm 
wherc,thetemper:iiii'  ■  !  I  ■'  ' ''  I  ■-  I  i' "  'i 'i'-i'isarily 
becomes  condcn'i' I       iv     '  iiiimof 


thew 


part  of  the  tube  t 
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alcohol  condensed  in 
the  separation  wliicli  Las  been  effected 
and  delicate  a  manner  by  a  natural  process,  and  wliicli 
it  is  one  of  the  great  objects  of  the  distiller  i"  :. 
plish,  is  defeated  in  consequence  of  the  ' 
construction  of  the  stm.  To  remedy  thi;.,  lii 
condensed  by  the  ivorm  was  distUled  by  tlic  i  i  'i;  i  i, 
as  already  stated,  a  second,  a  third,  and  even  a  fourth 
time,  the  object  being  to  separate  the  water  which 
actually  had  been  separated  by  the  worm  in  the  first 
process ;  and  thus  time,  labour,  fuel,  and  apparatus 
were  engaged  in  4  operations  when,  by  a  more  scientific 
arrangement,  one  operation  might  have  sufficed. 
Various  attempts  had  been  made  to  remedy  the  defect, 
without  success  ;  some  distillers  tried  to  shorten  the 
time  in  which  a  given  quantity  of  spirit  of  the  usual 
strength  cordd  be  obtained;  others  attempted  to 
sliorten  the  time,  and  also  to  obtain  a  stronger  spirit ; 
a  thu-d  set  of  improvers  cudeavourcd  to  economise  the 
heat ;  a  fom-tli  set,  to  render  the  apparatus  self-acting, 
and  constant  iu  its  operation.  With  respect  to  the 
shortening  of  the  time,  the  Scotch  distillers,  as  already 
noticed,  produced  the  most  extraordinary  effects. 
Taking  advantage  of  the  method  by  which  the  duty  was 
lc\-ied  on  the  capacity  of  the  still,  instead  of  on  (he 
quantity  of  sph-it  produced,  they  cnfl.:;vr,:i:..l*- '  ,,,  ;  no 
llicir  stills  so  as  to  make  fhein  fr.n;  '  i  '  ,  i,  u- 
tity  of  spirit.     The  distillers  fn;  ;:  i    ••'.■■  :r 

shallow  the  still,the  broader  the  li' l;  .i.:.iii'  !.:_  r 
the  furnace  and  supply  of  fuel,  (he  more  rapid  was  tlic 
distillation.  After  various  forms  of  still  had  been 
tried,  one  was  invented  by  Jlr.  Millar  of  a  capacity 
equal  to  16  gallons  of  wash,  cr  24  gallons  of  singbngs, 
and  so  jiidicious  were  the  an-angeraents,  that  the  still 
might  be  charged,  run  oiT,  and  discharged  nearly  22 
times  iu  an  hour.  In  this  still  steam  was  allowed  to 
pass  off  at  as  many  points  in  the  shoulder  of  the  still 
as  possible ;  a  fly  kept  in  constant  motion  in  the  head 
of  the  still  broke  the  froth,  and  prevented  the  still 
from  running  foul;  an  agitator  kept  tlic  boibng wash 
ill  !■■'. -■■,:,}  M-ii'ii.  -'1  ;i-  •••  I'lvriii  I'lc  deposition 
,:i       ,     ,  .         ■  iii'd  it  was 

pi.  ,.    '    i  I,  /  1   ,,  ,'    i,  ■       I     ..  heat  by  a 

\-]r,:,-  ,■(  iMinvMi  !  V  \\l:;.''i  (■!•:, -iiuiily  -rnijicd  it  Up 
iVom  the  bottom. 

An  adaptation  of  this  still  by  Sir  Anthony  Perricr, 
of  Cork,  is  sho^^^l  in  Fig.  71.5,  in  which  tlie  liquid  tn 


boiler  is  divided  by  concentric  partitions,  which  stand 
up  sitfliciently  high  to  prevent  the  liquor  from  boiliug 
over:  these  partitions  have  openings  from  one  to 
1.  ■  '!..  r  at  opposite  sides,  so  as  i  '  i     ',i   i'     i '   hm-  a 

:  I  i  ■  .  (ipcratiou,  i  a  pipe  dr^i  ,  ,  —  ::<;(  ;:  i,  .uid 
■  .luftiiig  the  liquor  into  iLi-  'i'-.'",  r  :.i  .■.  wlirliis 
tlie  commencement  of  the  labyrinth,  iu  flowing  tlirough 
which  it  progressively  traverses  the  whole  surface  of 
j  the  bottom,  so  that  the  full  efTcct  of  the  fire  is  exerted 
upon  small  portions  of  the  linuiil  v.lilc]i  r.nmrs  tlio 
evaporation  to  proceed  with   >  Tiic 

spent  liquor  passes  off  by  tin  A 

deposit  is  prevented  from  f.ii:.  -  ;,y 

means  of  the  chains  suspended  iiom  tiic  bar  cr,  winch 
is  supported  by  a  centre  shaft  set  iu  motion  by  mcaus 
i  of  a  toothed  wheel  and  pinion.  These  chains  hang 
'  in  loops,  and  fall  iuto  the  spaces  between  the  parti- 
tions, to  sweep  the  bottom  of  the  still  as  the  shaft 

In  this  still  the  great  defect  already  noticed  was 
not  remedied,  for  the  vapour  of  water  and  of  alcohol 
condensed  at  different  parts  of  fhe  worm  mingled 
together  at  the  bottom.  Mr.  Cofi'ey,  a  distiller  of 
Dublin,  seems  to  have  been  the  first,  in  this  country 
at  least,  to  remedy  this  defect,  by  inserting  in  the  first 
and  second  rounds  of  the  worm  two  pipes,  which, 
passing  down,  entered  the  boder  of  the  stiU,  so  that 
the  vapoiu-  of  water,  beuig  condensed  in  these  first 
two  rounds  of  the  worm,  pa^M  i!  ~'.  :;  i!:>  -  |  i|iC3 
into  the  boiler,  while  the  vap -in:  : n   ,   ;;;iig 

its   elastic  form,   passed   on   1  ;    i       i  ,  :    two 

rounds,  and  condensing  iu  t!ic  li'  .  i  :  :i-I  •■  .  !-  i  pait 
of  the  worm  could  be  separately  cuUcclcJ. 

The  principle  of  this  ingenious  still  was  not  new 
at  the  time  of  Mr.  Coffey's  invention,  for  some  of  the 
early  chemists,  such  as  Jean  Baptista  Porta,  Lefevrc, 
and  Glauber,  had  adopted  it.  The  merit  of  Mr. 
Cofl'ey's  still  was  iu  the  simplicity  with  which  the  piin- 
ciple  was  appKed.  In  the  old  forms  of  still  a  straight, 
spiral,  or  zigzag  tube  proceeded  from  the  head  of  the 
boiler,  and  at  the  upper  end  of  the  tube  was  affixed 
another  head,  from  the  side  of  which  proceeded  a  pipe 
for  discharging  tlic  distilled  liquor.  The  water)' 
vi'ii'  lis  (':.:i«!ii;M  il  iu  i':f  iijiright  tube  which  pro- 
1  1  :  ii'iilcr,  and  the  alcoholic 

1  -  .  1    .     M.io  condensed  iu  the 


iM 


MljW 


be  distilled  is  made  to  flow  gradua 


1  rfcr  more  particularly  to  Glauber's 
nut  of  the  important  influence 
v.hicli  it  liail  on  the  art  of  distillation  at  the  com- 
mencement of  the  present  century.  Glauber  died  in 
1G68,  but  his  apparatus,  as  modified  byTV'oulfe,  (who 
died  in  1805,)  is  much  better  known  by  the  name  of 
the  latter.  It  consists  of  a  scries  of  close  vessels,  a 
h,c,  Kg.  717,  placed  side  by  side,  conueeted  by  tubes, 
1,  2,  3,  fitting  in  tight  joints,  and  originating  from 
the  top  of  those  which  precede  in  the  series,  descend 
3  the  bottom  of  those  which  succeed.     Now,  the 


ir  the  heated  surface  of  the  boiler,  while  it     object  for  which  this  apparatus   is  cluefly  used  i: 
(continues  to  part  with  its  alcohol.     The  bottom  of  the    scientific  chemistry  is  for  the  purpose  of  impregnating 


^Inll  dobciibo  It 


be   dehvc 
into  the  botti 
^  j-l  -  a  by  the  tube  1 
~^^  it  IS  inimcdntcly 


o\pl  lined  councived  the  hippy  idea  of  appljmg  sueh 
111  nppu  itii';  In  the  distilhtiou  of  biandy  fiom  wme 
II    luniu  li  it  1\  set  to  Tvoik  ind  eonstiucttd  a  small 
I  1  ilt(  1  repeated  altei  itions  w  is  found 

I  impose  loi   ^luch  it  wis  iiitcndtd 

1  1  T,  bnietoi  patent  ioi  1 


.  the  lit  of  d 


a  the 


watei  but  ao 
fiom  the  contmml  ukUtiout.  ot  gis  the  hqmd  lieoomes 
saturated,  a  poition  of  the  gas  passes  into  the  upper 
pait  of  the  bottle  and  piopcllmg  the  au  befoieit  cntcis 
the  bottle  b  by  the  tube  2  Heie  it  acts  exaetly  as  ui 
the  bottle  ff  and  havmg  satuiated  the  watei  theioui 
it  p  isses  m  a  simil  ii  mannei  on  to  a  third  bottle,  c 
and  fioin  thit  to  wherevei  the  tube  4  maj  lead 
Iho  tube  d  lb  called  a  safeli/  tube  and  its  use  is  to 
idmit  au  into  the  bottles  when  tlic  internal  prcssuie 
Ixcomcb  lcs>  than  that  of  the  atmosphere  If,  foi 
c\  m])le  the  supply  of  gas  into  the  bottles  a  uid  b 
Mcie  "^topped  wMe  solution  was  stiU  going  on  as  the 
water  dissohed  the  gas  above  it,  the  atmospheric 
prcssuie  would  foiee  the  fluid  fiom  the  bottle  c  up 
the  thud  tube  into  the  bottle  b,  and  fiom  thenee  up 
the  second  tube  into  the  bottle  a  This  is  pieventcd 
by  the  siicly  tube  which  pisses  tluough  a  tight  joint 
into  the  bottle  lud  has  its  bwci  o\*itmity  immersed 
in  the  Lquid  to  the  depth  of  hill  an  inch  oi  i 
When  the  absoiptionof  the  ^is  takes  place  air  passes 
down  the  tube  enters  the  bottle  and  pievcnts  the 
liquid  fiom  the  othci  bottles  fioni  being  forced  up  the 
tube  If  on  the  contiary  the  gas  aeeumulates  in  oni 
of  the  bottles  faster  than  it  is  absoibed  its  pressuii 
on  the  suifaec  of  the  hquid  forces  a  column  thereof 
up  the  s  iftty  tube 

In  the  fust  year  of  the  present  century  a  rrouch 
man  named  Edou  ird  Adam  who  is  descubed  as  an 
obsuire  person  unacquainted  with  science  and  igno 
laut  of  the  art  he  mtended  to  impiovc     happening 


but  the  pnneiples  which  legulatcd  tlit  constiurtmn 
of  Adaiis  still  aie  obseived  m  all    modilicd  onlj 

coiding  to   the   special  puipose    mttuutd   to   b( 

sweied 

Fig  71fi  IS  a  Mcw  of  Adams  still  which  wo  wdl 
desonbe  somewhat  minutely  A  number  of  e^g 
shipod  vessels  nun  made  oi  coppei  aic  snppoitod 
on  thcu  MUdU  ends  by  the  fi  iimn^  rQ  the  uppci  oi 
hige  cud  of  cich  bcuij,  pciloiattd  w c  will  supi use 
with  two  hnks  !oi  the  loccption  of  copper  tuliLS 
■nhidi  connect  the  \ easels  to^ethii  Tiom  llie  top 
of  the  fust  c„g  at  k  piooeeds  a  tube  Mil  which 
plim^es  to  the  bottom  ol  the  second  and  teim 


pciforated  i 
Fiom  tl  c  top  1  1 
tube  which  p  i 


hi.    tint   of 


^  ther 


u  to  th 


i^ht 


the  holes 

filled  with  liquid  ui  blown  thiou^h  tht  hibt  c„^  wdl 
bubble  thiou^h  all  the  e^gs  and  escape  at  the  1  ist 
But  suppose  that  insteul  of  air  the  \apoui  fiom 
a  feimented  liquoi  such  as  wine,  be  passed  thiough 
the  eggs  half  filled  with  wme,  and  that  wme  is  also 
contamed  m  a  still  b  to  two  thiids  of  its  htight  as 
icgulated  by  the  cock  d  and  that  this  still  is  heited 
by  a  fiunaee  a  the  \  ipour  of  alcohol  mixed  with 
watery  vapoui  wdl  be  dischaiged  through  the  tube  I, 
into  the  first  egg  whcie  both  vapours  wdl  be  con 
densed  and  absoibed     Ihe  wme  in  tins  first  egg  thus 
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becomes  richer  in  alcohol  than  it  was,  and  also 
becomes  heated  by  the  condensicd  vapours.  This 
wiuc  cannot,  however,  become  as  mucli  heated  as  the 
wine  in  the  boiler,  because  containing  more  alcohol 
it  boils  at  a  lower  temperatiu-e.  The  consequence  of 
its  hoUing  at  a  lower  temperatui-e  is  that  alcoholic 
vapours  containing  less  water  will  be  discharged  into 
the  second  egg,  the  wine  of  which  becomes  in  its 
turn  richer  in  alcohol  than  the  first,  and  will  boil  at 
a  still  lower  temperature.  In  like  manner  the  alco- 
holic vapom-s  from  the  second  egg  will  enrich  the 
wine  of  the  third  egg,  and  making  it  strongest  of  all, 
it  will  boil  at  a  still  lower  temperature,  and  the 
alcoholic  vapour  dischai-ged  from  it  may  be  passed 
through  a  worm  u,  and  condensed.  If  a  weaker 
spirit  is  required,  the  third  egg  may  be  dispensed  with ; 
this  is  cut  off  from  the  rest  by  closing  the  stop-cock 
m'  and  opening  the  stop-cock  b,  wluch  connects 
the  second  egg  with  the  worm  tj.  If  a  stronger 
spirit  be  desired,  a  foiuth  egg  may  be  added,  for 
in  every  egg  alcohol  is  separated  from  water,  the 
gi-eater  part  of  which  is  left  bcliind.  According  to 
the  inventor,  the  greater  the  number  of  eggs,  the 
better  the  reotiflcatiou  would  be  carried  on.  The 
last  egg  is  furnished  with  a  cooler  x  surrounding  the 
upper  part,  and  containing  water  which  as  it  became 
heated  was  let  out  at  o.  The  woi-rn,  however,  in 
which  the  spirit  is  finally  condensed  is  not  cooled 
by  the  presence  of  oold  water  in  the  worm  tub,  but 
by  cold  wine,  which  bceommg  heated  by  the  wonn 
is  thus  prepared  for  the  boiler  a;  for  wheu  the 
alcohol  has  been  separated  from  the  wine  in  the 
boiler  and  the  eggs,  the  watery  residuum  is  let  off 
by  a  cock  c,  and  the  hot  wine  from  the  refrigeratory 
let  in  by  a  tube  ////.  The  refrigeratory  is  then 
refdlcd  with  cold  wine.  The  worm  tub  containing 
the  cold  wine  is  entirely  closed ;  but  at  the  top  is  a 
dome  a,  whence  proceeds  the  pipe  i,  which  collects 
any  alcoholic  vapours  that  may  be  formed  in  conse- 
quence of  the  heating  of  the  wine  in  tj,  and  poui-s 
them  iuto  the  globe  t,  in  which  the  vapours  from  the 
eggs  m-e  collected  before  pivssing  into  the  worm. 
The  large  tub  v  encloses  a  second  worm  filled  with 
water,  kept  cold  by  constantly  di-awiug  off  fi-om  the 
top  where  it  is  hottest  by  means  of  the  pipe  e. 

The  strength  of  the  spirit  in  each  egg  can  be  proved 
by  means  of  the  tube  x  x,  w  liich  proceeds  from  the 
last  egg  and  communicates  with  the  small  worm  f. 
Prom  the  head  of  the  still  and  also  from  each  egg  a 
tube  opens  mto  the  tube  x,  and  as  each  of  these 
branch  tubes  is  funushed  with  a  stop-cock,  the  vapour 
from  the  still  or  from  any  one  of  the  eggs  can  be 
condensed  in  the  worm  p,  and  the  spirit  drawn  off  at 
G,  while  all  the  other  parts  remain  closed. 

The  wines  destined  for  distillation  are  kept  in  a 
storehouse,  and  are  pumped  up  into  the  tub  u  along 
the  conducting  pipe//,  which  proceeds  nearly  to  the 
bottom  of  the  tub.  The  pipe  ffff  communicates  with 
the  still  and  the  eggs:  /ti/c,  are  stop-cocks  for  con- 
tmuing  or  inteiTupting  the  communication  between 
each  egg  and  the  still  for  the  purpose  of  discharging 
it,  or  with  the  condensing  vessel  v  for  the  pui-pos°e  o( 


filling  it.  The  stUl  aud  the  eggs  can  also  be  charged 
with  brandy  or  with  feints  by  means  of  the  pipe  o  o 
which  opens  iuto  ff. 

In  setting  this  stiU  to  work  the  stop-cocks  Aii  arc 
closed,  and  Imu  are  opened,  when  the  wme  from 
u  flows  into  the  stui,  fi'esh  wine  being  meanwhile 
pumped  up  until  the  stUl  is  two-thirds  full,  as  intd- 
cated  by  wine  flowing  out  of  d.  d  is  then  closed,  as 
ako  K ;  /t  is  opened,  and  ^vine  flows  up  into  the  first 
egg  imtil  it  is  half  fuU,  when  it  begins  to  flow  out  at 
a  tube  placed  at  l:  this  pipe  is  then  closed,  as  also 
the  stop-cooks  I;  and  m :  i  is  then  opened  and  half  fillci 
in  like  manner,  as  are  also  the  other  eggs  except  thiit 
one  which  acts  as  a  condenser,  which  in  Fig.  716,  is 
the  third  egg.  No  liquor  is  put  into  this;  but  tiie 
cooler  being  filled  with  water,  all  the  lower  cocks  are 
closed  and  the  upper  ones  opened  to  afford  a  free 
passage  to  the  vapours.  The  fire  is  then  urged,  and 
the  distillation  proceeds  as  already  described,  the 
alcoholic  vapoui-s  traversing  the  three  eggs,  con- 
densing in  the  upper  worm,  and,  being  completely 
cooled  in  the  lower  worm,  the  ardeut  spirit  passes 
out  at  the  stop-cock,  and  is  received  in  a  proper 
vessel,  which  is  sometimes  a  hogshead.  In  order 
that  the  alcohol  may  not  evaporate  in  passing  from 
the  woi-m  into  the  hogshead,  and  at  the  same  time  to 
allow  the  stream  to  be  seen,  a  glass  pipe  is  attached 
to  the  extremity  of  the  worm.  The  products  of  the 
stiU  are  received  until  the  hquor  is  found  to  diminish 
in  strength :  the  first  hogshead  is  then  removed  and 
replaced  with  another,  to  receive  what  ai-e  called  the 
repasses  or  feints,  which  are  again  passed  through  the 
stUl.  The  point  at  which  the  operation  requires  to 
be  arrested  is  ascertained  by  condensing  some  of  the 
vapour  in  the  small  worm  f,  and  opening  the  stop- 
cock G,  some  of  the  sphrit  is  received  in  a  glass :  fire 
is  applied  to  this  spirit,  and  if  it  does  not  bum,  the 
process  is  stopped.  Tliis  loose  aud  inaccurate  method 
has  been  of  late  years  superseded  by  the  hydrometer. 
"When  no  spirit  is  foiined,  the  fire  is  extinguished,  the 
residuum  is  let  out,  and  the  stiU  is  fresh  charged  as 
already  described.' 

Great  and  decided  as  was  the  improvement  effected 
in  the  art  of  distUlatiou  by  Adam's  stiU,  yet  it  was 
evidently  liable  to  the  defect  of  not  being  continuous : 
for  as  soon  as  one  charge  was  elaborated,  the  fire  had 
to  be  withdrawn,  the  residue  let  out,  and  the  appa- 
ratus charged  afresh,  the  fire  relighted,  and  so  on. 
Tills  defect  was  partially  remedied  in  1S05,  by  M. 
Isaac  Bcrard,  whose  condensing  appai-atus  offered 
the  fui-ther  advantage  of  bemg  capable  of  being 
adjusted  to  any  existing  form  of  stiU.  The  success 
of  this  apparatus  aLormed  M.  Adam,  who  took  legal 
proceedings  against  Berard  for  infringement  of  patent, 
but  it  was  clearly  proved  by  the  eminent  Chaptal, 
that  although  the  principle  of  the  two  inventions 
was  the  same,  yet  that  principle  was  by  no  means 
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new,  and  was  applied  in  a  very  tlilTereut  manner  in 
the  two  inventions.  In  ISOS,  i\[,  Bhuiicnihal  com- 
bined tlie  two  inventions  in  :i  :  i;l,  lu  ,,iiili  wine 
continually  flowed  in  at  one  j         >      :  -ns 

and   escaped  at   another,   culii»  iis 

alcohol.  Some  years  later  M.  i't..-i:'.  I.  L.mir  iho 
proprietor  of  this  apparatus,  and  fuithcr  improved  it. 
TVe  will  first  state  the  principle  of  this  contiivance, 
and  then  describe  the  apparatus  by  which  it  is 
f,  ;  ■  :  III,  A  !■■  |i|icr  boiler  is  set  in  masomj  with 
:i  !  '  '  '  mouth  of  the  boiler  is  fitted  with 
:i     I  ,'li  I'  standing  perpendicularly  over 

tiir  !  ;!■  ,  ;i,,  i  ir.ntvj;  closely.  About  halfway  up 
the  li(_:i-ht  of  this  cylinder  and  in  its  axis,  a  slender 
tube  enters  it  and  discharges  a  continual  but  small 
stream  of  the  wine  or  wash  to  be  distilled.  The  wine 
is  prrvciitrd  fi-oiM  falling  down  directly  into  theboUer 

1 ii|i     ■,,        .ifannmber  of  diaphi-agms,  tlrrough 

\.  ill  II  ; '  ii  '  I  rcolates  instreanis  like  rain,  where- 
li\  11  \-i.  i;;i-:i  i.ii;j:c  extent  of  surface  to  the  vapour 
whicli  pa^sC3  It  nr  a  different  direction.  Ii.  some 
cases  the  ascending  vapours  have  to  force  their  way 
at  each  diaphragm  thi'ough  a  thin  stratum  of  liquid, 
and  they  thus  undergo  a  certain  amount  of  pressm-e. 
The  wme  when  it  enters  the  cylinder  is  ahnost  boiling, 
and  while  it  falls  in  small  showers  thi-ough  the 
pierced  shelves,  a  copious  issue  of  watery  vapour 
ascends  from  the  boili'.i"  O";-;"'!'  li"l'i"'.  Tlir  -.vnici-y 
vapour  at  the  tempi  1,1'  '  '  ,  • 

with  the  streams  of  \\ .      .  i       i 

1  I'  :        it  !  ;  aud  the  wme  acquir- 

ii  '-  .1  in  a  state  of  vapour 

li  I  ■  li;;':ii-  11;!  M  111'  iM  I  ii.irr,  where  meeting  with 
Aviiic  it  is  absorljcd,  aud  a  wine  richer  in  alcohol  is 
produced.  Tliis  more  alcoholic  wine  readily  parts 
with  its  alcohol  in  the  form  of  vapour,  by  the  action 
of  heat  contmually  carried  up  the  cylinder.  This 
vapour  of  alcohol  ascending  higher  meets  with  more 
wine,  is  absorbed,  aud  again  set  free  in  larger  quantity. 
At  Ini-lh  Ihc  porliniis  of  wine  high  up  iu  tlic  cyliudcr 


cooling  the  worm  bccouies  heated  itself,  aud  this 
heated  wine  flows  thtough  the  slender  tube  into  the 
cylinder,  where  it  is  distilled  as  already  explained. 
As  this  worm  is  never  perfectly  cold,  the  alcoholic 
vapour  which  escapes  condensation  is  passed  through 
a  second  worm,  also  sui-roundcd  by  wine,  which  con- 
denses it  completely. 

Shoidd  the  watery  vapour  which  ascends  from  the 
boiler  into  the  cylinder,  and  becoming  condensed  falls 
back  uito  the  boiler,  carry  any  alcohol  ^vith  it,  the 
latter  is  agaha  volatilized ;  so  that  the  boiler  contains 
nothing  but  water  derived  from  the  wine ;  for  although 
the  boiler  had  been  filled  with  wine,  it  soon  becomes 
water  by  parting  with  its  alcohol.  As  fast  as  the 
boiler  fills  with  water,  it  is  emptied  by  a  cock  placed 
iu  the  bottom.     Two  boilers  are  more  efficient  than 


one,  aud  when  arranged  so  that  a  tube  proceeding 
from  tlie  head  of  one  plunges  to  tlie  bottonr  of  tlie 
other,  they  act  Kke  two  of  the  eggs  in  Adam's  still. 
The  discharge  of  vrinc  from  the  great  reservoii-  is 
regidated  by  a  ball-eoek,  aud  there  is  a  constant  supply 
of  cold  wine,  first,  to  the  two  worms  for  the  pui-poso 
of  eooUng  them,  (by  which  method  of  heating  the 
wine  fuel  is  economised ;)  secondly,  to  the  distillatory 
eolmnn.  Having  parted  with  its  alcohol,  the  watery 
portion  falls  into  the  boilers,  whence  it  is  let  otf 
entirely  deprived  of  alcohol.  The  flow  of  wine 
being  thus  perpetual,  no  ti:ne  is  lost  by  an  interval 
of  discharging  and  charging.  It  must  also  be  noticed 
that  when  the  aloohoKe  vapours  enter  the  first  worm 
they  are  condensed ;  but  as  the  weakest  or  most 
watery  alcohol  condenses  iu  the  first  rounds  of  the 
worm,  it  is  so  contrived  that  this  watery  portion 
shall  run  back  by  small  tubes  into  the  cylinder,  where 
it  is  re-distilled.  The  worm  at  all  its  rounds  is  pro- 
vided with  eocks  aud  tubes,  by  wliich  the  portions 
condensed  in  any  part  may  bo  let  back  to  be  re- 
distilled, or  they  may  be  all  shut,  or  some  may  be 
left  open,  so  as  lo  return  the  whole  or  any  part  into 
the  cylinder.  In  this  way,  by  means  of  these  eocks, 
alcohol  of  any  requned  degree  of  condensation,  within 
certain  limits,  can  be  obtained 

The  apparatus  by  which  thcbo  comphcated  cfleels 

:m-p  ii.-o-1,„.,.,I  is  shown  in  Fig  71S      It  consists  of 

■       !  ■  ■ ',  a  distillatory  column  n,  a  rectihci  c, 

wliieh  also  senes  to  heat  the  \nnc. 


I    ot   V 


li  feeds 


',  the  s 


a  small  cistei'i; 
ball-cock.     The  boiler 
and  emptied  by  means  of  tlio  I    i^ht 

of  the  Kquor  in  the  boilers  i     i  I  ^1  isj 

tubes  .v.v'.  The  pipe  z,  proctLdiUj,  iiom  Ihu  ht  id  of 
A,  conducts  vapour  to  the  bottom  of  the  bodci  \'  aiul 
thus  these  two  boilers  act  like  two  of  the  e£;g'.  in 
Adam's  apparatus.  The  boilei  a'  is  hcafid  1^  the 
flue  of  the  fire  under  a.  The  second  buiki  is  hlkd 
by  means  of  the  tulio  ii',  and  by  the  cotk  iJ  the 
contents  of  the  second  boilei  ,iit  ti  uisl  1  (  j  the 
first.     The  distillatory  coin     i  I  li   r 

c,  contain  a  number  of  diapl  I  loh 

will  be  explained  presently      i  is  a 

cylinder  of  copper  placed  hji  ..j      I  I  vidrd 

into  two  unequal  portious  by  a  di  iplu  ^  ii,  it  the 
lower  part  of  wliich  is  an  opening  foi  dIoM  nig  the 
two  portions  to  communicate  the  condcnsci  cont.uns 
a  worm,  the  axis  of  which  is  identical  with  th  it  of 
the  condenser ;  this  worm  commences  at  v  and  tormi 
nates  at  o:  each  spiral  of  the  woim  his  at  its  lowci 
curve  a  small  pipe,  a,  connected  with  a  sloping  pipe, 
which  conveys  the  whole  or  only  a  portion  of  the 
Kquid  from  the  worm  into  the  pipe  o,  oi  into  the 
rectifier,  according  as  the  stop-cocks  1,  2,  3,  arc 
opened  or  shut.  At  u,  v,  x,  the  column  can  be  opened 
for  cleansing  when  required,  l  is  a  pipe  which  conducts 
hot  wine  from  the  condenser  to  the  distillatory  column. 
The  refrigerator  e  is  a  close  copper  cylinder,  containing 
a  worm  which  originates  at  o,  and  terminates  in  the 
tap  below.    It  is  kept  filled  with  cold  wine  by  mean.? 
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of  the  pipe  l,  and  wlieii  quite  full,  the  wme  rises  up 
the  pipe  K,  and  fills  the  condenser  D. 

This  apparatus  is  set  in  aetiou  by  first  pouring  into 
the  boiler  A  the  liquor  which  is  to  be  distilled,  until 
the  level  is  within  2  or  3  inches  of  the  top  of  the 
gauge X.  The  boUor  a'  is  also  chnrc-r;!  imt il  th-  Icvt-l 
stands  5  or  C  inches  above  ihc  (..:'.     i  i  i; 

the  stop-cock  r  the  tube  l,  the  1 1  ;  -  ,  i  i  •  •  -ic 
condenser  d,  are  filled  with  wine,  1 1  .  .ni  >  i  ,.,,  i  y 
II',  and  as  soon  as  it  is  seen  bj  the  elevation  ol  the 
level  of  the  liquid  in  the  boder  a'  that  wine  is  flowuig 
over  by  the  tube  L,  the  stop-cock  r  is  shut.  The  Ci-e 
is  then  lighted  under  a,  and  as  soon  as  the  wine  in  tliis 
copper  begins  to  boU,  vapour  escapes  by  the  pipe  z, 
condenses  in  the  boiler  a',  and  by  this  means,  together 
with  the  assistance  of  the  heat  of  the  flue  which  passes 
under  it,  the  liquor  soon  boUs.  The  alcoholic  vapours 
ascend  iu  the  coliinm  b,  pass  into  the  worm  in  d, 
where  they  condense,  and  the  liquor  returns  for  the 
most  part  into  the  rectifier  c.  'RTien  the  wine  in  D 
is  sufficiently  heated  (which  is  judged  of  by  the 
out  side  being  too  hot  for  the  hand  to  rest  upon  it), 
the  stop-coeks  ii  u'  and  r  are  opened  and  the  distillation 
coutiuucs.  The  wine  coaducted  by  the  pipe 
into  the  refrigerator  E,  where  it  is  gently  healed;  it 
theu  passes  up  K  into  d',  where  it  is  heated  stdl 
and  then  passing  through  the  opening  in  the  lower 
part  of  the  diaphragm,  it  enters  l)",  where  its  tern- 
peratui-e  is  raised  nearly  to  the  boding  point :  it  then 
falls  by  the  tube  L  into  the  distillatory  coluorn  b, 
where  it  undergoes  considerable  subdivi  '  ~~    '  _ 

at  length  reached  the  boUer  a',  it  passes  through  the 
pipe  ii'  into  the  boiler  a,  and  from  this  it  escapes  by 
B,  entirely  deprived  of  its  alcohol.  The  vapour  from 
the  boilers,  whioli  follows  the  same  route,  has  been 
ah-c:uly  traced." 

Thus  it  will  be  seen  that  this  appai-atus  is  con- 
liuuoHs  in  its  operations;  the  wine  being  furnished 
at  one  place,  and,  being  deprived  of  its  alcohol,  escaping 
at  another  in  a  continued  stream, 
however,  that  this  stUl  does  not  literally  afford  strong 
alcohol  from  wine  or  wash  at  one  distillation,  as  is 
commonly  said  of  it ;   for  it  actuaDy  undergoes  re- 
peated distillations  in  the  cylinder.     One  apparent 
process  only  is  necessary,  and 
all.     In  its  operations  it  is  continual.     There 
saving  of  fh-e,  superintendence,  and  time ;   the 
a  greater  product  of  alcohol,  and 
the  alcohol  has  a  purer  flavour, 
because  there  are  no  empyi-enma, 
as  the  fire  is  never  directly  applied 
to  the  wine.    Indeed,  the  want  of 
cmpjTcuma  has  been  found  an  ob- 
jection to  the  still:  the  consumers 
were  so  ihssatisfied  at  the  want  of 
the  accustomed  burnt  taste,  that 
Die  rcquii-ed  flavour  was  obliged 
to   bo   communicated  by  various 
cnipyreumatic  substanees."= 


Derosue's  apparatus  was  further  sunplificd  by  iL 
I  Laugicr,  whose  stdl  is  described  in  M.  Peclet's  woit 
•  ali-eady  referred  to.  We  pass  on  to  consider  the 
I  application  of  the  new  stills,  or  rather  of  the  prmciples 

of  their  constrnctiou,  to  the  stills  of  this  country. 
I  The  French  stills  for  distilling  brandy  from  wine 
[  are  not  adapted  to  tlie  glutinous  wash  of  grains,  which 
woidd  soon  clog  up  tlie  small  pipes  and  channels. 
In  introducing  the  principle  of  continuous  distillation 
iuto  this  country,  it  was  therefore  necessary  to  modify 
the  apparatus.  Several  such  contrivances  have  been 
brought  forward,  among  which  may  be  mentioned 
that  by  Mr.  iEneas  Coffey,  of  Dublin,  patented  iu 
1S32.  It  is  represented  in  section  in  Fig.  720 ; '  it 
consists  of  a  body  oi-  oblong  vessel,  bb',  and  two 
'  columns  erected  thereon,  one  of  which,  c  d  e  f,  is  the 
analifser,  and  the  other,  on  IK,  the  rectifier.  The 
whole  is  made  of  wood,  Kned  with  copper,  and  the 
wood  beuig  5  or  (5  inches  thick,  little  or  no  lieat  is 
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lost  by  radiation.  Tlic  body  has  a  copper  plate  or 
diaphragm,  cd,  across  the  middle,  -which  divides  it 
iuto  two  chambers,  b  b'.  This  diaphragm  is  per- 
forated by  a  great  number  of  small  holes,  for  the 
passage  of  the  vapour  upwards  durinc;  the  process, 
and  it  is  also  furnished  with  several  valves,  wliicli 
open  upwards  as  shown  at  e  e,  whenever  tlie  vapour 
is  in  such  quantity  as  not  to  fmd  a  free  passage 
through  the  perforations.  A  pipe,  vv,  descends  from 
this  diaplu-agm  nearly  to  the  bottom  of  the  lower 
chamber  B,  into  a  pan  forming  a  steam-trap,  and  there 
is  a  valve  on  the  top  of  this  pipe  which  can  be  opened 
or  shut  at  pleasure  by  means  of  a  rod  t,  passing 
tlu'ough  a  stiifliug-bos  on  the  top  of  the  vessel.  Glass 
tubes  at  xx  show  at  all  times  the  level  of  the  liquor 
in  the  chambers  b  b'. 

The  analyser  cdef  consists  of  12  chambers,//, 
formed  by  the  interposition  of  11  copper  diaphragms, 
gh,gk,kc.,  all  perforated  Math  numerous  holes,  and 
fui-nished  with  valves  opening  upwards,  as  in  the  large 
diaplu'agm  cd.  To  each  of  them  is  attached  a  di-opping 
pipe,  h  h,  by  which  the  liquor  is  allowed  to  flow  from 
plate  to  plate ;  the  upper  end  of  each  of  these  pipes 
projects  an  inch  or  two  above  the  pl.ile  in  whieh  it  is 
inserted,  so  as  to  rv;iaiu  at  aU  I im-  'I'lii'  ''  I  pul- 
iation a  stratum  of  wash  of  il..;  I  >  i  i  >  :>  h 
diaphragm;  the  lower  end  of  viv'w  |H|n  .,  ^, .  .,  I,i;lc 
way  into  a  shallow  pan  lying  on  the  diapliraum  under- 
neath, forming  thus  a  steam-trap  by  which  the  escape 
of  vapour  through  the  pipe  is  prevented.  The  pipes 
are  inserted  at  alternate  ends  of  the  diapliragm,  as 
shown  in  the  figure. 

The  column  g  ii  i  k  is  divided  in  a  siiiiilar  manner 
into  chambers  by  interposed  copper  plates  or  dia- 
phragms. There  are  15  chambers  in  tliis  column ;  the 
lowermost  10,  v  v,  constitute  the  rectifier,  and  its 
diaphi-agms  are  perforated  and  furnished  with  valves 
and  dropping  pipes,  as  in  the  analyser.  The  upper- 
most 5  of  these  frames  form  Viiajinished spirit  condenser. 
Find  are  separated  from  the  other  10  by  a  copper  sheet 


or  diaphragm,  not  containing  the  smnil  perforations, 
but  having  a  large  opening  at  w  for  the  passage  of 
the  spu'ituous  vapour,  and  a  dropping  pipe  at  s.  There 
is  a  neck  above  the  opening  w,  rising  an  inch  or  so 
above  the  smface  of  the  diaphragm,  which  prevents 
the  return  of  any  finished  spirit  by  that  opening. 
Under  the  dropping  pipe  s  is  a  pan  much  deeper  than 
those  of  the  other  dropping  pipes,  and  from  this 
pan  a  branch  pipe,  y,  passes  out  of  the  apparatus,  and 
cai-ries  the  condensed,  but  stUl  very  hot  spirits,  to  a 
worm  or  other  refrigerator,  wherein  they  arc  cooled. 
The  chambers  v  v  of  this  finished  spirit  condenser  are 
formed  of  plain  uuperforated  diaphragms  of  copper, 
with  alternate  openings  at  the  ends,  largo  enough 
both  for  the  passage  of  the  vapour  upwards,  and  of 
the  condensed  spirit  downwiirds;  the  use  of  these 
diaphragms  being  merely  to  cause  the  vapour  to 
pass  along  the  pipes  in  a  zigzag  dii-eoliou,  and  thus 
to  be  more  perfectly  exposed  to  their  condensing 
surface.  In  every  chamber,  both  of  the  finished  spirit 
condenser  and  of  the  rectifier,  there  is  a  set  of  zigzag 
pipes,  placed  as  sho\vn  in 
the  plan.  Fig.  719 ;  each  = 
set  of  these  pipes  is  con- 
nected with  the  others 
by  the  bends  ///,  and 
they  tluis  form  one  con- 
tinued pipe,  leading  from 
the  wash-pump,  q,  to  the 
bottom  of  the  rectifier, 
whence  it  finally  passes  ^'s-  ?I9. 

out,  and  rising  up,  enters  the  top  chamber  of  the 
aualyscr,  into  which  it  dischai-ges  itself  at  n'. 

M  is  the  wash  charger,  l  a  smaller  wash  vessel  con- 
nected with  it,  and  with  the  wash-pump.  This  vessel 
is  called  the  wash  reservoir,  its  use  being  to  retain  a 
sufficient  reserve  of  wash,  to  prevent  the  apparatus 
being  idle  dui-ing  the  delay  which  the  Excise  regulations 
render  unavoidable,  between  the  emptying  of  the  wash 


charger  and  the  refiiUng  of  it  fro 
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During  tLe  distillation  the  puinp  Q  is  worked  cou- 
tin'-iously,  so  as  to  supply  the  apparatus  with  a  regular 
stream  of  wash.  It  is  so  coustruoted  as  to  be  capable 
of  furnishing  somewhat  more  than  is  necessary,  and 
there  is  a  pipe,  it,  with  a  cook  on  it,  by  which  part  of 
what  is  pumped  up  may  be  allowed  to  run  back,  and 
thus  regulate  the  supply. 

A  is  a  steam  boiler,  which  conveys  steam  into  the 
bottom  of  the  spent  wash  receiver  by  the  pipe  b,  which, 
'i^  ^  iiiiii  a  number  of 
!     ,   liy  which  the 

.1  Miilrd  pipes  ai-e 


after  entering  the  r( 
smaller  pipes  perfor:iK 
steam  is  dispersed  tlu 
which  they  are  imnicrs; 
not  shown  in  the  engra 
The  action  of  this 
commencement  of  a 


i  follows:— At  the 
1  operation  the  wash  pump  is 
first  set  in  motion  to  charge  all  the  zigzag  pipes, 
until  the  wash  passes  over  into  the  analysers  at  n'. 
The  p\imp  is  then  stopped,  and  the  steam  let  into  the 
bottom  of  the  apparatus  by  the  pipe  h  b.  The  steam 
passes  up  through  the  chambers  B  b',  and  by  the  pipe 
z  into  the  analysers,  from  whence  it  descends  through 
i  i  to  the  bottom  of  the  rectiQer  at  n.  It  then  rises 
through  the  chambers  vv,  enveloping  the  zigzag  pipes, 
and  rapidly  heating  the  wash  contained  in  them. 
Wien  the  attendant  finds,  by  feeling  the  bends  ;/, 
that  the  wash  has  beeii  heated  in  several  layers  of 
these  pipes,  (perhaps  8  or  10  layers,)  ho  again  sets  the 
pump  to  work,  and  the  wash,  now  boiling  hot,  or  nearly 
so,  and  always  in  rapid  motion,  flows  from  the  pipe 
w  at  n',  and  passes  down  from  chamber  to  chamber 
through  the  dropping  pipes  in  the  dii-eetion  shown  by 
the  arrows  in  a  few  of  the  upper  chambers.  No  portion 
of  the  wash  passes  through  the  small  holes  perforated 
in  the  diaphragms  which  separate  the  chambers. 
These  holes  are  regulated,  both  in  number  and  size,  so 
as  to  be  not  more  than  sufficient  to  afford  passage  to 
the  vapour  upwards  under  some  pressni-e.  The  holes, 
(],,,,.pf,,,.,,  ..iT,.-rl  „n  outlet  for  the  liquor,  which  can 
(-1  '  '    111  in  the  zigzag  course  indicated 

li,  ,,,,',        li    is  evident,  therefore,  that  the 

w     '        :    I  -lii.vu  is  spread  into  strata  as  many 

i    .  ii        :   >    iliaphragms,  and  is  thus  exposed 

I'l  r  :,!:>:i  i>i  ill,'  steanr  constantly  blowing  up 
ilri:  '  ii  \  '  ill"  r-ends  from  chamber  to  ohamlicv 
li-  !  ilil  i-^  ill  iiirlcd  by  the  passage  of  the  steam 
tlimugh  il,  and  by  tlie  time  the  wash  has  reached  the 
large  cliambor,  B,  it  is  in  the  ordinary  course  of  the 
operation  completely  deprived  of  its  alcohol. 

The  wash  as  it  descends  fioin  the  analyser  accumu- 
lates in  the  upper  largo  chamber  b',  until  that  chamber 
becomes  nearly  filled,  which  when  the  attendant  per- 
ceives to  be  the  case  by  the  inspection  of  the  glass 
tube,  lie  opens  the  vjl-.  ■  •  :'  ili'  |.i  v  \.  :,ii  1  '.\  r^nr^vs 
the  contents  of  b'  inl'i  '  ;  :  •.  ■  ■  i  t'  >,,i!>.', 
the  wash  from  the  lii:.'  :  ,      i-i   ■/, 

of  the  lower  ehanil)er  v.  arc  discliargcd  fium  the 
apparatus  altogether,  through  the  cock  n,  and  the 
charge  in  b'  is  let  down  into  B  by  opeiiing  the  valve 
as  before,  and  thus  the  process  goes  on  so  long  as 
there  is  any  wash  to  supjily  the  pump.      AVhcn  all 


the  wash  is  gone,  a  cpiantity  of  water  is  let  into 
the  reservoir  L,  and  pumped  through  the  pipes,  to 
finish  the  process  and  obtain  the  last  portions  of 
alcohol.  This  winding  \ip  of  the  operation  by  sending 
water  through  the  pipes  takes  place  on  the  distillation 
of  every  back  of  wash,  in  consequence  of  an  Excise 
regulation,  which  requires  the  distiller  to  keep  the 
produce  of  each  back  separate  from  any  other.  Were 
it  not  for  this  regulation,  the  distillation  would  go  on 
miinterruptedly,  so  long  as  there  was  any  wash  in 
stock ;  the  addition  of  water  for  winding  up  would 
be  necessary  but  once  during  the  distilling  period, 
and  the  manufactiu-er  would  save  much  tune  and 
fuel,  at  present  wasted  by  these  interruptions. 

In  the  ordinary  course  of  the  operation,  the  wash 
is  deprived  of  all  its  alcohol  by  the  time  it  has  reached 
the  bottom  of  the  analyser,  but  as  a  precautionary 
measui-e  the  chambers  b'e  are  added,  iir  each  of 
which  the  spent  wash  is  exposed  for  about  halfan- 
hour  to  the  action  of  the  steam  blowing  through  it. 

There  is  a  small  apparatus,  not  shown  in  the 
Figure,  by  which  a  portion  of  tlie  steam  in  the 
chamber  b'  is  condensed,  cooled,  and  made  to  flow 
constantly  through  a  sample  jar  in  which  is  a  hjdi-o- 
meter,  or  two  glass  bubbles,  one  of  the  sp.  g.  1,000 
and  the  other  998.  The  attendant  knows  that  aD  is 
going  on  well  when  these  bubbles,  or  the  lighter  of 
the  two,  float  in  the  sample.  In  this  way  the 
chamber  B  may  be  emptied  without  any  risk  of  loss. 

The  course  of  the  wash  being  understood,  we  will 
next  trace  that  of  the  steam,  which  as  it  lises  is  first 
blown  through  the  charges  of  spent  wash  in  the 
chambers  b'b:  thence  it  passes  up  through  the 
layers  of  wash  on  the  11  diaphragms  of  the  analyser. 
In  its  passage  it  abstracts  from  these  layers  of  wash 
their  alcohol,  depositing  in  its  place  an  equivalent 
quantity  of  water.  After  traversing  the  whole  of 
the  analyser,  the  vapour,  now  containing  much  alcohol, 
passes  by  the  pipe  i  i  into  the  bottom  of  the  rectifier, 
and  as  it  ascends,  it  envelopes  the  pipes,  heating 
the  wash  and  at  the  same  time  parting  with  its  more 
walrry  portion,  which  is  condensed,  and  falls,  in  a 
1.  ■'■  :-•  :-i:,[r.  nil  ;'v  -,  vri.il  illii : -l , M-ms  of  the  roc- 
1  I  !  ■  1 '  ■  i :  '  ;  ■  ', ,  ;  i  ■ ''ii'.;  the  passage 
■'•  !  I  ''■■■  I  ■  ■■  in  1  r  !■:■■  LM-i'.'.l  ■■jiirit-condenser,  it 
is  iiriv'y  piiiv  :l<.ili-l.  :ii:,!.  :i~  it  !^  condensed  by  the 
wash  in  the  [lipcs,  and  falls  on  the  diaphragm,  it  is 
conveyed  away  by  the  pipe  y  to  a  refrigerator.  At 
the  top  of  the  spirit-condenser  is  a  large  pipe  k,  which 
serves  as  a  vent  for  the  incondcnsible  gas  which  is 
disengaged  in  the  process,  and  this  pipe  also  commu- 
nicates with  the  refrigerator,  so  that,  should  vajxjur 
at  any  time  be  sufficiently  elastic  to  pass  out  of  the 
apjiaratus,  no  loss  is  sustained  beyond  the  waste  of  fuel 
caused  by  condensing  that  vapour  by  the  water  of  the 
rcfrii,'erator  instead  of  the  wash  of  the  condenser.  The 
liquor  condensed  on  the  several  diaphragms  of  the 
rectifier,  after  being  blovra  through  by  the  vapour 
passing  up  from  plate  to  plate,  descends  to  the  bottom 
in  the  same  manner  as  the  wash  descends  from 
cliamber  to  chamber  in  the  analyser :  but  this  con- 
densed liquor  stUl  contains  a  portion  of  alcohol,  and 
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it  is  conveyed  by  the  pipe  s  lo  the  pump  q,  by  which 
it  is  pumped  up  with  the  wash  to  be  agam  distilled. 
A  thermometer  near  e  shows  the  attendant  the 
temperature  of  the  wash  as  it  issues  from  the  pipe  m 
into  the  analyser,  which  is  the  only  guide  which  he 
requires  for  managing  the  operation,  for  when  the 
proper  temperature  is  mamtained  the  work  goes  on 
well:  when  the  thermometer  indicates  too  high  a 
temperature,  more  wash  should  be  let  into  the  ap- 
paratus, and  vice  versa  ;  the  quantity  bemg  regulated 
by  the  cook  ou  the  pipe  n.  The  difference  of  a  few 
degrees  above  or  below  the  proper  heat  is  not,  how- 
ever, of  much  consequence. 

The  water  for  supplying  the  boiler  passes  through 
a  long  coil  of  pipe  inimorsed  in  the  boiling  hot  spent 
v/ash,  by  which  means  it  is  raised  to  a  high  tempera- 
ture before  it  reaches  the  boiler.  The  vapour  which 
passes  through  this  apparatus  is  aU  condensed  by  the 
wash,  not  by  the  water;  so  that  no  heat  is  wasted. 
It  is  stated  that  about  three-fourths  of  the  fuel  used 
^Yith  the  common  stills  is  saved  by  this  apparatus. 
By  the  common  process,  to  distil  a  gallon  of  proof 
spirits  121hs.  of  coal  are  required,  Olbs.  of  which  are 
saved  by  this  apparatus.  Sujiposing  the  whole 
quantity  of  s[)irits  distilled  in  Great  Britain  and 
Ireland  to  be  36,000,000  gaUons,  and  that  the  im- 
proved still  is  adopted,  the  saving  of  fuel  would 
amount  to  140,000  tons  of  coal  per  annum. 

It  will  be  seen  from  the  above  description,  that 
Coffey's  stUl,  in  its  principle  as  well  as  most  of  the 
details,  closely  resembles  the  French  stills  already 
described.  One  feature  peculiar  to  the  British  stills 
is  their  enormous  size.'  One  of  Coffey's  stiUs,  at 
Inverkeithiug,  distils  2,000  gallons  of  wash  per  hour, 
and  there  is  one  at  Leitli  which  distils  upwards  of 
3,000  gallons  per  hoiu-.  Some  of  the  store  vats  also 
rival  those  of  the  Loudon  porter  brewers.  20,000 
gaUons  of  whiskey  are  sometimes  stored  in  one  vat. 

Dr.  George  Wilson  has  kuidly  furnished  the  Editor 
with  the  following  information  respecting  the  stills 
used  in  the  Scotch  distilleries. 

He  says:— "Three  kinds  of  still  are  in  use  in 
Scotland ;  1.  Cofe/s,  which  is  everywhere  supplant- 
ing all  others  for  the  preparation  of  ffrain  whiskey; 
2.  Stein's,  which  is  the  same  in  principle  as  Coffey's, 
and  is  used  to  a  eonsiJcrable  e.ttent  in  the  preparation 
of  OTa«-whiskey ;  3.  The  old  simple  still,  which  con- 
tinues to  be  largely  employed,  but  only  for  malt- 
whiskey,  and  this  is  usually  distilled  twice.  Coffey's 
still  derives  so  large  a  per-eentage  of  alcohol  from 
the  wash,  that  the  old  trade  of  rectifying  spirit  has 
ceased  in  this  quarter,  and  the  strongest  commercial 
spirits  of  wine  are  made  by  a  single  operation.  At 
Sunbury,  they  distil  water  as  well  as  alcohol,  and  the 
latter  is  reduced  to  a  drinkable  strength  by  a  suitable 
dilution  supplied  by  the  former.  Coffey's  still  pro- 
duces the  strongest  spirit,  and  takes  no  heed  of  flavour'. 
Wliiskey  drinkers,  however,  do  not  love  what  chemists 


call  the  pure  hydratcd  oxide  of  ctliyle,  and  thus  it 
happens,  that  less  potent  stills  than  Coffey's  are 
employed  to  imbue  the  spirit  with  aroma.  The  still 
at  Sunbui-y  produces  alcohol  at  04  or  07  over  proof. 
In  an  apparatus  which  is  supposed  to  combine  the 
advantages  of  Coffey's  and  Stein's,  spult  is  produced 
16  or  20  over  proof. 

"  The  product  of  the  Coffey  still  rcqiures  only 
dilution  to  he  at  once  marketable.  Most  of  the 
Scotch  whiskey  sold  in  England  is  manufactured  by 
this  still.  It  is  characterised  by  the  absence  of  any 
marked  flavour,  except  in  a  very  faint  degree,  in  conse- 
quence of  the  method  of  distillation  preventing  the  less 
volatile  fusel  oU,  and  other  strong  scented  products 
of  fermentation,  from  passmg  over  with  the  spirit. 
Malt-whiskey  (made  from  malted  grain)  contains 
those  flavouring  ingi'cdients  which  certain  connoisseurs 
prefer :  the  small-still  whiskey  of  the  Scotch  smuggler, 
and  the  potheen,  (the  Lish  equivalent  of  smaU-still,  or 
little  pot,)  being  prized  for  tlccir  penl-.eek,  or  tnrf- 
smoke  flavour.  In  the  inniinr  . d-  ■  i.\  Hi  ■  malt 
whiskeys,  in  which  potatoes  ;  :  '  :  ■'.  ■  ,  :  ir  .ire 
sometunes  used,  and  somctiiii  i  : ..  ;:,:,',  imi  this 
only  to  a  small  extent,  the  old-lashiuucd  simple  still, 
endlessly  varied  but  generally  with  a  high  head,  is 
employed.  Two-thkds  or  more  of  what  is  called 
■malt  whiskei/,  and  sold  as  such,  is  gram  whiskey 
flavoured  with  a  dose   of  the  most   odorous   mult 

The  manufacture  of  spirits  is  a  fruitful  source  of 
revenue,  and  is  closely  watched  over  by  the  officers  of 
excise.  Their  duties  in  this  particular,  as  well  as 
those  of  the  distillers,  are  contained  in  a  long  and 
complicated  act  of  parliament,  with  which  it  behoves 
them  to  be  well  aequauited,  for  there  are  penalties 
for  the  infringement  of  the  various  clauses  amounting 
to  many  thousand  pounds.  The  foUowiug  is  an  ab- 
stract of  Macculloeh's  account  of  these  duties,  which 
we  preface  with  his  own  sensible  remarks: — "  There 
are  perhaps  no  better  subjects  for  taxation  than 
spirituous  and  fermented  hquors.  They  are  essentially 
luxuries ;  and  while  moderate  diities  ou  them  are,  in 
consequence  of  then-  being  generally  used,  exceedingly 
productive,  the  increase  of  price  which  they  occasion 
has  a  tendency  to  lessen  their  consumption  by  the 
poor,  to  whom,  when  taken  in  excess,  they  are  exceed- 
ingly pernicious.  Eow  governments  have  been  satislicd, 
however,  with  imposing  moderate  duties  on  spirits; 
but  partly  in  the  view  of  increasing  their  revenue, 
and  partly  in  -the  view  of  placing  them  beyond  the 
reach  of  the  lower  classes,  have  ahnost  invariably 
loaded  them  with  such  oppressively  high  duties,  as 
have  entu-ely  defeated  both  objects.  The  imposition 
of  such  duties  does  not  take  away  the  appetite  for 
;pirits ;  and  as  no  vigilance  of  the  officers  or  severity 
of  the  laws  has  been  found  sufficient  to  secm-e  a 
monopoly  of  the  market  to  the  legal  distillers,  the 
real  effect  of  the  high  duties  has  been  to  throw  the 
supply  of  a  large  proportion  of  the  demand  into  the 

ids  of  the  iUicit  distiller,  and  to  superadd  the  atro- 
cities of  the  smuggler  to  the  idleness  and  dissipation 
of  the  di'uukard.' 
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The  pievakuce  and  direful  effects  of  giu-ili-iiiMug  | 
iu  the  latter  part  of  the  reigii  of  George  I.,  and  the 
commencemeut  of  the  succeeding  reign,  ^yere  so 
marked,  tliat  public  attention  was  strongly  drawn  ! 
thereto.  It  was  natm-ally  thought  that  the  cheapness 
of  spirits,  and  the  great  number  of  pubKc-houses,  . 
were  the  sources  of  tliis  general  evil ;  and,  forgetful  | 
of  the  danger  of  extreme  measures,  the  ministry  of  j 
the  period  (1736)  passed  a  stringent  act,  which  pro- 
hibited altogether  the  use  of  spii-ituous  Kquors, 
except  as  a  cortUal  or  medicine.  This  attempt,  not 
to  regulate  and  repress  the  driuMng  of  gin,  but  to 
abolish  it  altogether,  was  most  unwisely  made,  and 
had  an  effect  du-ectly  opposite  to  what  was  intended. 
The  euonnous  duty  of  twenty  shillings  per  gallon 
was  laid  on  spirits,  besides  a  heavy  licence  duty  on 
retailers,  and  every  encouragement  was  given  to  in- 
formers to  seek  out  those  who  should  vend  the 
smallest  quantity  of  spirits  which  had  not  paid  the 
full  duty,  and  to  exact  the  penalty  of  100/.  for  the 
offence.  On  the  passing  of  this  act,  respectable 
dealers  withdrew  from  the  trade,  and  it  fell  chiefly 
into  the  hands  of  low  and  profligate  characters, 
who,  having  nothing  to  lose,  were  not  withheld  by 
penalties  from  breaking  through  its  provisions.  The 
populace  supported  the  cause  of  the  smugglers  and 
unlicensed  dealers ;  infonners  were  hunted  down  like 
wild  beasts,  drunkenness  and  crune  rapidly  increased, 
and  iu  two  years  the  act  had  become  so  contemp- 
tible, and  was  so  openly  set  at  nought,  that  policy 
^vtll  as  humanity  forced  the  commissioners  of 
;-r  ill  1),'mj,'i'  its  penalties.  Within  those  two 
!  '  I  ;  "lis  were  convicted  of  offences 
.      i  I   .    Milo  of  spirits,  and,  in  spite  of 

;, I "10,000   gallons  were   annually 
'     :   1,      '  ii  aud  its  vicinity  alone.     Under 
:      i  s  ^■overnment  soon  gave  up  the 

;:.;,_  .Vie  high  duties  were  repealed,  and 
..^i.lc  >.,...  L.ii.uscd  in  theii-  room.  The  con- 
sequences were  highly  beneficial :  an  immediate  stop 
was  put  to  smuggling,  and  to  the  serious  crimes  and 
disorders  coniiccfcd  with  it,  while  gin-druiking,  to 
SLIT  t'i>  '.     i,  v,i<  not  increased  by  the  change. 

Ii      ,  1   .1  lung  the  policy  with  respect  to 

i,  '  II  ':<  I w  duties  on  spirits;  and  in  con- 

•si'finr;  s  -:-  :i!i;-  lias  been  carried  onto  a  great 
extent  iu  that  country.  An  Irish  whiskey-stUl  has 
been  chosen  by  artists  as  a  subject  characteristic  of 
the  people,  and  at  one  time  the  attempts  to  put  down 
illicit  distillation  met  with  so  determined  a  resistance 
that  the  country  was  fdled  with  anarchy  and  blood- 
shed. Any  one  found  working  an  tmlicensed  still 
was  subjected  to  transportation  for  seven  years,  and  a 
heavy  tine  was  imposed  on  the  parish  or  manor  where 
the  still  was  fomid.  This  was  intended  to  engage 
proprietors  heartily  in  the  work  of  putting  down  the 
practice.  In  1S22,  when  the  duty  on  spurits  was 
5s.  (Jd.  per  gallon,  the  annual  consumption  of  spirits 
ijl  Ireland  was  estimated  at  10,000,000  gallons, 
while  scarcely  3,000,000  paid  duty,  so  that  7,000,000 
must  have  been  illegally  supplied.  Tliis  vast  amount 
of  smuggling  was   carried  on  in  the  teeth  of  the 


above  heavy  penalties,  and  in  despite  of  the  utmost 
exertion  of  the  niihtai-y  and  police  to  prevent  it. 
To  put  an  end  to  such  evils  the  duties  were  ia 
1S23  reduced  from  5s.  (Jd.  to  2s.  M.  (imperial  gallon), 
and  with  the  most  satisfactory  results.  The  con- 
sumption of  spirits  was  not  mcreased  thereby,  but 
a  considerable  increase  to  the  revenue  resulted  from 
the  substitution  of  legal  for  illegal  distillation,  while 
the  evils  of  smnggliug  became  nearly  extinct.  An 
extraordinary  decrease  in  the  consumption  of  sphits 
in  Ireland  took  place  in  1839,  wliich  is  ohieHy  to  bo 
ascribed  to  the  great  exertions  made  at  that  tune  in 
the  Temperance  cause. 

The  liistory  of  the  spirit  trade  iu  Scotland  corre- 
sponds in  a  great  measure  with  that  of  Ireland.  'While 
the  duties  were  high,  the  quantity  of  illegally  dis- 
tilled spirits  annually  produced  in  the  Highlands 
amounted  to  about  2,000,000  gallons.  In  corrobo- 
ration of  this  it  is  stated,  that  in  1S21  only  298,138 
gallons  were  brought  to  the  charge  iu  the  Higlilauds, 
and  of  these  25i,000  gallons  were  permitted  to  the 
Lowlands,  leaving  oidy  41,000  gallons  for  tlie  coil' 
sumption  of  the  whole  of  the  Highlands,  a  supply  which 
would  hardly  be  sufficient  for  the  demand  of  two 
moderately  populous  parishes.  Dui-ing  this  state  of 
things  the  natural  results  exhibited  in  various  districts 
were  thus  alluded  to  in  a  letter  from  Captain  Munro,  of 
Teaninicb,  to  the  Commissioners : — "  The  moral  effects 
of  this  baneful  trade  of  smuggling  on  the  lower  classes 
are  most  conspicuous,  and  increasing  in  an  alarmmg 
degree,  as  evidenced  by  the  multiplicity  of  crimes, 
and  by  a  degree  of  insubordination  formerly  little 
known  in  this  part  of  the  country.  In  several  dis- 
tricts, such  as  Strathconon,  Strathcarron,  &c.,  the 
excise  officers  are  now  often  deforced,  aud  dare  not 
attempt  to  do  their  duty;  aud  smuggled  wliiskey  is 
often  carried  to  market  by  smugglers  escorted  by 
armed  men,  in  defiance  of  the  laws.  In  short,  the 
Irish  system  is  making  progress  in  the  Highlands  of 
Scotland."  The  remedy  in  this  case,  as  in  the  other, 
was  the  reduction  of  the  duty.  It  was  lowered  in 
1823  from  6s.  2d.  to  2s.  iid.,  and  in  1830  was  shghtly 
raised  to  2s.  lOd.,  3s.,  and  3s.  4d.  The  iufluence  of 
the  reduction  iu  1S23  was  to  double  the  consumption 
of  duty-paid  spirits,  while  at  the  same  time  illicit 
distillation  was  all  but  suppressed. 

Before  the  Irish  and  Scotch  duties  were  lowered, 
the  duty  on  English  spirits  had  been  as  high  as 
lis.  8d.  per  gallon.  This  high  duty  and  the  restric- 
tions under  which  the  trade  was  placed  were  produc- 
tive of  the  worst  effects.  They  went  far  to  enable 
the  distillers  to  fix  the  price  of  spuits,  and  conse- 
quently to  raise  it  much  beyond  that  which  was 
sufficient  to  repay,  with  a  profit,  the  cost  of  the 
manufacture  and  the  duty.  The  commissioners  found 
in  1823,  that  "  when  com  spirits  might  be  pur- 
chased in  Scotland  for  about  2s.  Zd.  a  gallon,  raw 
spirits  could  not  be  purchased  in  England  for  less  than 
is.  Gd.  ready  money,  and  4s.  9t?.  credit,  omitting,  in 
both  cases,  the  duty."  In  consequence,  smugglmg 
was  carried  on  to  a  great  extent  in  England ;  and  tlie 
large   profits  made  by  the   smugglers  caused  clan- 
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destine  importations  from  Scotland  and  Ireland.  To 
obviate  these  inconveniences,  and  at  the  same  time 
to  neutralize  the  powei-fLil  additional  stimulus  that 
the  reduction  of  duties  in  Scotland  and  Ireland  would 
have  given  to  smuggling,  had  the  duties  in  England 
been  continued  at  their  former  amount,  the  latter 
v.-ere  reduced  in  1S26  to  Is.  a  gallon,  facilities  being 
!it  the  same  time  given  for  the  importation  of  spirits 
from  other  parts  of  the  empii-e.  There  was  a  great 
objection  made  to  this,  on  the  ground  that  it  would 
increase  drunkenness,  but  these  fears  have  proved 
groundless.  The  consumption  of  British  spirits  in 
England  and  AYales  in  1S23  was  est;- it.-l  ,t 
5,000,000  gallons;  and  it  appears  that  in  III  •: 
amounted  to  7,719, 459  gallons,  produciiij;-  :.  '  ;  I  v 
of  revenue.  Now,  making  allowance  for  tlir  hm  .  ->■ 
of  population,  and  for  the  check  given  to  adulteration 
and  smuggling,  and  considering  also  that  the  con- 
sumption of  foreign  spirits  was  not  greater  in  1S43 
than  in  1833,  it  is  fairly  estimated  that  the  jffactice 
of  sph'it-di-inking,  although  acknowledged  to  be  far 
too  prevalent,  has  not  increased  within  the  last  twenty 
yenr«.  All  these  instances  sufficiently  prove  that 
niiv  :i*fr;i-[it  to  r-iipr';  the  excessive  practice  of  spirit 
i!      '  i ;' 1  y  by  imposing  heavy  duties  ami 

1.    '  ,, r  from  having  the  desu-ed  effect, 

tli:il  it  :ii(ii:illy  pi  "iiiotes  the  consumption  of  spirits, 
and  lends  to  a  whole  catalogue  of  evils  in  the  shape 
of  adulteration,  smuggling,  vexatious  informations, 
tumult,  and  rebellion  against  constituted  authorities. 

In  1860  there  were  distilled  7,868,525  gallons  of  proof 
spirits  in  England  ;  13,916,536  gallons  in  Scotland  ;  and 
6,471,070  gallons  iu  Ireland,  the  total  being  28,289,731 
gallons ;  an  increase  of  632,010  gallons  over  that  of  1859. 
The  duty  was  paid  on  21,873,384  gallons  for  the  United 
Kingdom,  a  decrease  of  nearly  2J  million  gallons,  the  duty 
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£9,702,807.  The  duty  was  paid  on  10,108,522  gallons  in 
England  ;  6,428,549  in  Scotland  ;  and  5,336,313  in  Ire- 
land. The  total  quantity  of  British  spirits  exported  in  the 
year  was  1,907,200  gallons,  and  469,281  gallons  of  British 
eompounds  and  spirits  of  wine.  The  quantity  bonded 
amounted  to  10,586,498  gallons,  of  which  6,419,787  were  in 
Ireland.  There  were  also  produced  36,202  gallons  of 
methylio  alcohol  sold  by  the  excise,  and  299,366  gallons 
sent  out  by  persons  licensed  to  sell  tlie  same. 
The  following  are  the  imports  of  spirits  for  the  years 


In  ISOl  the  number  of  gallons  of  spirits  charged  with  duty 
was  8,952,174,  and  the  number  free  of  duty  for  exportation 
was  972,434  for  England,  while  for  Scotland  the  numbers 
were  6,070,091  and   3,400,776,   and   for  Ireland  5,022,894 


The  Customs'  duties  on  the  imports  of  18G1  were,  fcv  rum 
£1,7.55,129,  for  brandy  £833,513,  and  for  Geneva  £52,615. 

The  quantities  of  spirits  remaining  in  the  warehouses 
under  bond  on  31st  December,  1861,  were  as  follows : — 


DIVIDING  ENGINE.     See  GRiDUATioN. 

DIVING  BELL.  We  have  seen  in  our  article 
Aeeostation  with  how  little  success  man  has  en- 
deavoured to  extend  his  dominion  to  the  regions  of 
the  air.  We  have  now  to  trace  the  history  of  his 
more  successful  attempts  to  explore  the  depths  of  the 
sea  or  of  rivers,  for  the  purpose  of  collecting  such 
valuable  articles  as  pearls,  sponges,  coral,  &c.,  of 
recovering  articles  lost  by  shipwi-eck,  laying  sub- 
marine foundations,  and  mining  or  exploding  the 
rocks  which  obstruct  the  entrance  of  harbours,  &c. 

The  early  history  of  the  art  uf  diving,  like  the  early 
lii'^tni-ips  of  most  of  the  uscfid  arts,  contains  many 
'  ■  III  iful  narrations,  evidently  as  much  the  result  of 
' '  !  i.iL'iuation  as  of  the  seientiflc  observation  of  the 
nriihirs.  These  we  pass  over  iu  sUcnce.  The 
necessity  for  a  rr'^r'n  -■;,  ;i]\  >T  atmospheric  au- 
reduces  the  po\v(  i  ■  •■'•  .1  diver  to  very 

narrow  limits ;  I'm  ■,.    .     i  ■    i.nown  capacity 

of  lungs,  and  the  slmiu...  !  m  :,,i,:iii,,u,  there  is  no 
authentic  case  of  a  niau  being  able  under  ordinary 
circimistances  to  take  in  a  supply  of  air  sufficient  to 
maintain  him  ur/Ier  water  for  two  minutes.  In 
nr:'Mi:ry  p:!'(-^,  n  sense  of  sufTocatiou  is  experienced 
'  ■  ''  I  r-inn  in  water  of  half  a  minute.  Dr. 
II  i!ie  case  from  his  own  observation  of 

n  1  1  iri<l:i  lihluin  diver  at  Bermuda,  who  could 
leiuain  under  water  for  two  minutes;  but  this  is 
doubtless  an  extreme  case.  Admiral  Hood  tested 
the  much-vaunted  powers  of  the  Indian  divers,  with 
a  watch  in  his  hand,  and  found  thai  in  uo  case  could 
any  one  of  them  remain  submerged  more  than  a 
minute.  Halley  relates  that  those  who  dive  in  the 
Arcliipelago  for  sponges  take  into  their  months  a 
piece  of  sponge,  dipped  in  oil,  with  the  view,  its  he 
supposed,  of  inlialing  the  an-  contained  in  the  sponge : 
the  real  reason,  however,  appears  to  be  for  the 
purpose  of  calming  the  small  waves  on  the  surface 
which  prevent  the  light  from  being  transniiltcd  to 
the  bottom :  by  ejecting  a  little  oil  from  their  mouths, 
it  rises  to  the  surface,  and  spreading  upon  it,  pro- 
duces smooth  water,  and  gives  a  steady  light  at  the 
bottom,  which  is  necessary  to  assist  the  divers  in 
finding  the  small  objects  they  are  in  search  of.  It  is 
exceedingly  difficult  to  hold  the  breath  under  water, 
on  accmmt  of  the  great  fluid  pressure  on  the  chest, 
which  increases  with  the  depth.  Most  divers,  by 
continuing  to  dive  for  any  length  of  time  in  deep 
water,  have  blood-shot  eyes  and  a  spitting  of  blood, 
arising  from  the  great  exertion.  Many  of  the  natives 
of  the  South  Sea  Islands  are  such  expert  divers  that 
if  a  nail  or  a  piece  of  iron  be  throwni  overboard,  they 
wUl  jump  into  the  sea  after  it  and  recover  it. 

Attempts  have  been  made  at  various  times  by  in- 
genious men  to  contiive  some  form  of  dress,  such  as 
would  enable  the  diver  to  remain  under  water  for  an 
indefinite  length  of  time,  his  respiration  being  carried 
on  by  meaus  of  flexible  tubes,  communicating  with 
the  air  above  ;  fresh  air  being  forced  down  one  pipe 
by  bellows  or  other  means,  and  allowed  to  return  by 
the  other.  To  prevent  the  great  pressure  of  the 
water  on  the  chest  of  the  diver,  a  sort  of  water 
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armour,  made  tight  by  leather,  was  contrived.  This 
answered  tolerably  well  in  depths  not  exceeding  twelve 
or  fifteen  feet.  At  greater  depths,  it  was  necessary 
to  the  free  motion  of  the  diver  to  have  his  limbs  ex- 
posed ;  and  the  pressure  on  them  was  found  to  be  so 
great  as  to  obstruct  the  circulation  of  the  blood,  while 
those  parts  of  the  body  encased  by  the  armour  beiug  . 
relieved  from  pressure,  the  blood  was  forced  from 
the  limbs  into  them,  thus  producing  much  suffering. 
One  of  the  best  foms  of  armour  was  Klingert's,  I 
which  has  often  been  described.  In  other  forms  of  i 
apparatus,  the  diver  was  completely  shut  up  in  a 
vessel,  and  moved  about  by  means  of  tackle  connected 
with  the  ship  above.  Submarine  boats  have  also 
been  proposed  at  different  times,  for  the  pui-pose  of 
destroying  an  enemy's  shipping.  These  have  not 
Ijcen  very  successful ;  and  we  trust  the  time  wUl  not 
again  arrive  when  such  inventions  will  be,  if  imder 
any  circumstances  they  can  be,  desirable. 

All  these  contrivances  have  been  for  the  most  part 
superseded  by  that  simple  and  beautiful  machine,  the 
diving  bell,  which  has  ali-eady  been  of  such  vast 
service  in  subaqueous  operations.  By  its  means,  too, 
tlu'ce  or  more  men  can  descend  in  company,  move 
about  with  perfect  freedom,  and  employ  tools  for 
accomplishing  the  intended  object  at  the  bottom  of 
the  sea ;  they  can  also  descend  to  a  greater  depth 
than  by  any  other  contrivance,  and  continue  a  very 
much  longer  time  below,  and,  if  necessary,  they  can 
can-y  a  %ht  down  with  them  for  the  purpose  of 
guiding  their  works. 

Several  allusions  are  made  to  diving  machines,  more 
or  less  resembling  the  diving  bell,  previous  to  the 
time  of  Dr.  Halley,  who  has  the  merit  of,  at  least, 
rendering  former  attempts  practicable.  Halley's  bell 
was  of  wood,  of  the  internal  capacity  of  about  sixty 
cubic  feet ;  its  form  a  truncated  cone,  the  diameter 
at  top  being  tlu-ee  feet,  and  at  bottom  five.  It  was 
covered  with  lead,  so  that  it  could  sink  empty,  and 
the  weight  was  so  distributed  at  the  bottom  that  it 
would  go  down  perpendicidarly.  Light  was  admitted 
at  the  top  through  a  strong  clear  glass,  and  the  hot 
vitiated  air  was  let  out  thi-ough  a  cock  at  the  top. 
About  a  yard  below  the  bell  was  a  stage  suspended  by 
three  ropes,  each  loaded  with  about  a  hundredweight. 
The  bcU  was  suspended  from  the  mast  of  a  ship,  carried 
overboard  clear  of  the  ship's  side.  Air  was  supplied 
to  the  bell  by  means  of  a  couple  of  barrels  of  about 
30  gallons  each,  cased  with  lead  so  as  to  sink  when 
fuU  of  ail- :  the  bung-hole  at  the  lowest  part  was  left 
open,  so  that  a  portion  of  water  entered  the  casks, 
and  condensed  the  air  during  their  descent :  a  leathern 
hose  was  attached  to  the  top  of  each  cask,  the  open 
end  of  which  hung  down  by  a  weight  below  the  bung- 
hole,  so  that  the  air  could  not  escape  unless  tliis  open 
end  were  raised.  These  two  buckets  were  fitted  with 
tackle,  and  made  to  ascend  and  descend  alternately 
like  two  buckets  in  a  well.  The  hose  of  the  descending 
barrel  beiug  taken  up  into  the  bell,  the  water  would 
rush  into  the  cask,  drive  out  the  air  before  it  through 
tho  hose  into  the  bell,  and  the  cask  being  thus  filled 
•.Titb  water,  was  drawn  up,  when  the  water  flowing  out, 


its  place  was  supplied  with  air ;  while  in  the  meantime 
the  other  cask  would  in  its  turn  be  discharging  its 
contents  into  the  bcU.  In  this  way.  Dr.  HaUey  states 
that  he,  with  four  others,  have  continued  in  the  bell, 
in  9  or  10  fathoms  water,  for  an  hour  and  a  half, 
without  inconvenience.  "The  whole  cavity  of  the 
bell  was  kept  entirely  free  from  water,  so  that  I  sat 
on  a  bench  which  was  diametrically  placed  near  the 
bottom,  with  all  my  clothes  on.  I  only  observed 
that  it  was  necessary  to  be  let  down  gradually  at 
fii-st,  as  about  twelve  feet  at  a  time,  and  then  to  stop 
and  drive  out  the  water  that  entered,  by  receiving 
three  or  four  barrels  of  fresh  air  before  I  descended 
further ;  but  being  arrived  at  the  depth  designed,  I 
then  let  out  as  much  of  the  hot  air  that  had  been 
breathed  as  each  barrel  would  replenish  with  cool,  by 
means  of  the  cook  at  the  top  of  the  bell,  through 
whose  apertui-e,  though  veiy  small,  the  air  would 
rush  with  so  great  violence  as  to  make  the  surface  of 
the  sea  boil,  and  to  cover  it  with  a  white  foam, 
notwithstanding  the  great  weight  of  water  over  us." 

In  1721,  Dr.  Halley  invented  additional  apparatus 
to  enable  tho  diver  to  go  out  from  the  bell  to  some 
distance,  and  remain  a  sufiicient  time  in  the  sea.  The 
man  was  supplied  with  air  by  a  bell  or  cap  of  lead 
with  glass  eyelets,  w^hich  completely  covered  his 
head,  and  v.'as  supplied  with  air  from  the  bell  by 
means  of  a  flexible  tube.  To  diminish  his  buoyancy 
at  this  depth,  weights  of  lead  were  attached  to  his 
gu'dle  and  clogs  of  lead  to  the  feet. 

Improvements  or  variations  were  made  in  Dr. 
Halley's  bell  by  Mr.  Martin  Tiiewald,  and  by  ilr. 
Spalding.  Some  of  these  were  ingenious  and  were 
admired  at  the  time;  but  the  simple  foim  of  bell 
wliich  is  now  in  use  seems  to  be  preferred  to  the 
more  complicated  macliines.  To  Smeaton  belongs 
the  merit  of  applying  the  diving  bell  to  the  operations 
of  engineering,  to  which  it  has  since  rendered  such 
essential  service.  About  the  year  1779,  Smeaton 
used  it  in  repau-ing  the  foundations  of  the  piers  of 
Hexham  Bridge,  which  had  been  undermined  by  the 
violence  of  the  current  sweeping  away  the  gravel 
from  under  the  floor  timbers  of  the  caisson  in  which 
they  were  founded.  Li  this  way  he  succeeded  in 
underpinning  the  foundaions  of  some  of  the  piers. 
The  accident  wliich  followed  in  1782,  when  the  wiiole 
structm-e  was  carried  away  by  a  sudden  and  violent 
flood,  only  proved  the  insufficiency  of  the  natural  bed 
of  the  river.     [See  Bkidge,  Pig.  294.] 

To  Smeaton  also  belongs  the  merit  of  inventing 
the  modern  form  of  bell,  consisting  of  cast-iron.  The 
fii-st  bell  of  this  kind  was  made  about  17SS,  for 
carrying  on  the  works  at  Ramsgate  harbour.  Tliis 
bell  weighed  50  c\vt. ;  it  was  heavy  enough  to  sink 
itself  without  the  addition  of  external  weights:  its 
height  was  41  feet,  its  length  the  same,  and  its  width 
3  feet,  thus  aS'ording  space  for  two  men  to  work  under 
it  at  a  time.'  It  was  also  peculiar  to  this  machine 
that  the  men  were  furnished  with  a  constant  supply 
of  fresh  air  without  any  attention  on  their  part,  by 
means  of  a  forcing  air-pump  contained  in  the  boat 


subsequently  used. 
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above.  The  bottom  part  of  this  bell  bis',  Fis.  722, 
WHS  made  veiy  thick  to  give  it  sufficient  weight,  aud 
in  the  crown,  Fig.  721,  were  S  roimd  holes,  each  fur- 
nished with  a  lens  4  inches  diameter,  fitted  into  a  brass 
cell  aud  thou  screwed  into  the  cast-iron.  In  the 
centre  was  a  hole  li,  to  receive  a  brass  screw  at  the 
end  of  the  leather  pipe  for  introducing  the  air.  This 
hole  on  the  under  side  had  a  leather  valve  stretched 
over  it  to  prevent  the  return  of  the  air,  and  also 
a  grating  of  u'on  across  it  to  support  the  valve 
against  the  pressure  when  it  was  shut.  The  valve 
was  a  square  piece  of  leather  stretched  over  the  hole 
and  fi.-ced  to  the  ii'on  by  a  screw  at  each  c- lii'  r,  w.^. 
so  tight  as  to  prevent  it  from  opening  to;'  /  ■ 
air:  ee  are  two  strong  eyes  to  receive  1: 
wldek  suspend  the  bell,  and  there  are  siin.l  ,:  i  , 
within  the  erown,  to  suspend  an  iron  link  l,  to  which 
chains  may  be  attached.  The  whole  is  cast  in  one 
piece :  s  s'  are  two  seats  for  the  divers  to  sit  upon  as 
they  descend ;  but  these  turn  up  upon  hinges  when 
they  are  at  work. 

The  pier  which  was  afterwards  built  upon  the 
foimdatiou  cleared  by  this  diving  bell,  was  fomided 
by/Ciussons,  [See  Biiidge  ;]  but  not  being  done  very 
substantially  or  with  large  stones,  the  work  had 
bceome  so  bad  as  to  require  renewal  in  some  places, 
and  in  others  to  be  defended  by  an  apron  or  outside 
wall  of  very  solid  masomy,  which  was  laid  by  means 
of  the  diving  bell.  The  machinery  employed  is  shown 
'  1  elevation.  Fig.  723,  and  the  foUovring  description 
of  its  use  applies  to  the  method  introduced  by 
Smeaton.  The  cast-iron  bell  is  seen  in  section 
attached  by  two  chains  to  the  three-sheaved  block 
i;  another  block  0',  \Yilh  three  sheaves  is  sup- 
ported between  two  ]<i:i  lini.,.-,  i  i'.  'Ih.  i  a.o 
united  to  form  one  !i,  ;  ,.  ;ii, 

king-posts  K,  and  riiltr    r  ■  ,  :•>•'  ■   .     ■'';■'  'i  -  m. 

1  very  strongly  tieil  l_,    •...■a      :  ,;  .  ,,,,.|  \\>'«len 

ces.  These  beams  traverse  upon  a  centre  pin;o, 
which  is  fixed  into  a  very  heavy  stone ;  and  they  are 

3  supported  by  small  wheels  which  run  upon  a 
railroad  I,  which  is  curved  to  a  segment  of  a  circle. 
The  extremity  t'  of  the  frame  has  a  heavy  stone 
attached  to  it,  to  balance  the  weight  of  the  bell 
appended  from  the  opposite  end.  The  fall  of  the 
tackle  is  conducted  through  a  block  .r,  to  a  capstan 
by  which  it  is  taken  up  or  let  down.  Tliis  maehine  is 
placed  upon  the  top  of  the  pier  wall  w,  at  the  foot  of 
which,  the  stones  shown  as  dotted  are  to  be  laid  by  the 
divers.  In  order  to  move  the  bell  nearer  to  or  fui-ther 
from  the  waU,  the  block  4'  is  moved  in  the  beams : 
to  haul  it  in,  a  pair  of  blocks  ef  are  used,  and  it  is 
drawn  out  by  a  rope  passing  through  a  block  at  t, 
and  then  to  another  pair  of  blocks  not  shown  in  the 
figure ;  to  move  it  sideways,  two  pair-  of  tackles  are 
applied,  one  pair  shown  at  Im,  aud  another  pair  on 
the  other  side  not  shown,  p  is  the  leathern  pipe 
conducted  from  the  bell  to  the  forcing  pump  n,  fixed 
jn  board  the  boat,  and  is  worked  by  the  lever  n  ;  r  is 
a  rope  extended  from  the  bell  to  the  boat,  aud  being 
shorter  than  the  pipe,  it  prevents  it  from  being  broken 
or  stretched  by  the  wind  or  tide  carrying  the  boat 


away;  aud  it  is  also  secured  to  the  pier  by  the  rope 
--.  The  man  at  the  pump  n  forces  down  so  mucu 
air  to  the  bell  as  will  cause  the  air  to  flow  out  beneath 
the  lower  edge  of  the  bell  and  rise  in  bubbles  to  the 
surface:  as  long  as  this  coutiuucs  he  loiows  that  the 
divers  are  well  sun] v:  '  •,  i  li  ■,'.'. c.  Signals  ai-e  given 
by  the  beUman  vii  ,i  nhl;  on  the  inside 

of  the  beU:  thus,    I  ,  'Ovlore  air;"  2 

blows,  "  Stand  l';is:  ,  '  :  ,  ■  1 1  ■,  e  m, ; "  4,  "Lower 
down;"  5,  "To  eastward;"  0,  " To  westward ; "  7, 
"From  the  wall."  The  stones  are  all  prepared  and 
jointed  together  with  dovetails  before  they  begin  to  lay 
t':— .1 ;  and  the  fii-st  thing  to  be  done  is  to  make  the 
:ii'!alion  perfectly  level  and  true.  The  loose  sand 
,  !s  removed  by  di-edging  from  above  in  the  usual 
:  .  i:ner,  and  then  the  bell  with  two  men  in  it  is  let 
down  to  the  bottom,  which  at  Ramsgate  is  a  hard 
chalk  rock:  when  it  stands  thereon,  it  lays  the  chalk 
dry  to  the  level  of  the  bottom  edge  of  the  bell;  but 
if  the  surface  is  uneven,  the  bell  cannot  descend  so 
low  but  that  it  will  leave  0  or  S  inches  of  water  on 
the  bottom.  The  surface  of  this  water  is  the  level 
they  work  to,  aud  by  cutting  away  every  eminence 
which  rises  above  the  water  they  soon  obtain  a  per- 
fectly level  surface.  They  work  with  a  small  pick, 
made  something  like  a  narrow  adze,  and  as  the  chalk 
is  not  hard,  the  work  proceeds  rapidly.  When  they 
have  accumulated  a  certain  quantity  of  rabbish,  they 
knock  three  times  on  the  bell,  to  order  the  people  to 
draw  it  up,  till  they,  standing  on  the  bottom,  find 
themselves  knee  deep,  then  two  knocks  to  stand  fast. 
They  nowtake  in  a  shallow  basket  let  down  froan  above, 
and  fill  the  rubbish  into  it,  then  pull  the  rope  to  order 
it  to  be  drawn  up,  and  strike  four  times  on  the  bell 
that  they  may  be  lowered  down  to  proceed  with  then- 
work.  Having  in  this  way  hewed  away  the  sm-face 
till  the  waiev  standing  equally  all  over  it  shows  it  to 
be  a  level  plane,  they  give  orders  to  be  removed  to  a 
new  situation,  yet  at  so  small  a  distance  that  part  of 
the  sm-face  just  levelled  is  still  beneath  the  bell: 
in  this  way  a  uniform  plane  is  preserved,  aud  the 
rock  is  prepared  for  the  stone  work  without  any 
other  level  than  the  water.  The  stones  are  hoisted 
by  a  crane,  moving  on  wheels  so  that  it  can  be 
wheeled  upon  the  pier  to  the  required  spot  close  to 
the  diving  maehine.  The  first  stone  is  taken  up  by 
it  out  of  the  boat,  the  hooks  of  the  crane  rope  lieing 
put  iu  the  ring  of  a  lewis ;  the  stone  is  tm-ned  round 
into  the  position  iu  which  it  is  to  be  laid,  and  lowered 
to  the  bottom  as  close  as  is  convenient  to  the  bell ; 
then  by  shaking  the  crane  rope,  its  hook  is  disengaged 
from  the  ring  of  the  lewis,  and  without  moving  the 
crane  the  rope  is  di-awn  up.  The  bell  is  then  drawn 
up  2  or  3  feet,  and  by  the  various  tackles  it  is 
moved  to  such  a  position  that  the  centre  of  the 
upper  block  comes  exactly  under  the  hook  of  the 
crane  rope :  tins  like  a  plumb-line  shows  that  the 
bell  is  brought  exactly  over  the  stone.  The  bcU  is 
lowered  down  ujion  it,  and  the  divers  reeve  a 
strong  chain  through  the  ring  of  the  lewis,  and  also 
through  a  ring  or  iron  loop,  l.  Fig.  722,  iu  the  top 
of  the  bell.     On  heaving  up,  the  stone  with  the  bell 


is  Uflvd  off  the  ground,  aiid  the  men  direct  hv  sieiials 
how  it  is  to  be  moved  in  order  to  coiivfv  ,>  t,,  il,.. 
destiued  spot;  -ffhich  being  carefully  il  ■ 
ceed  -with  the  bcU  to  take  up  a  secou.l 
!iad  in  the  meantime  been  lowered  to  i  >n 
the  crane.     Ko  cement  is  used  to  luiitc  these  stmes, 
as  they  are  all  doveUiiled  into  each  other,  and  the 
joints  are  then  wedged  quite  fast   by  oak  wedges 
driven  down,  and  lastly  by  sand  rammed  very  hard 
into  all  the  interstices  between  the  dovetails.     The 
great  weight  of  the  stones  defends  them  from  the 
action  of  Ih"   sea,  every  one  of  the  lower   coui-se 
being  3  feet  -wide  by  ij  long,  and  2  feet  3  inches 
thick.      Notwithstanding   their   great   -weight,    the 
tackle  for  the  bell  is  so  well  made  as  to  lift  the  stone 
with  the  bell  altogether,  and  move  it  with  great  pre- 
cision.    The  crane  boat  used  for  building  the  i)ier, 
when  it  comes  above  water,  as  well  as  for  assisting 
the  operations  of  the  diving  bell,  is  also  shown  of  a 
reduced  size  in  the  figure.     It  is  a  stronu'  b- a;  id 
30  or  40  tons  burtlien,  with  a  fiamc  ai         . 
upon  it  to  support  the  crane  gibbet   i 
the  stone  p  is  suspended  by  the  m;"' 
the  windlass  g  with  cog-whcr' ;  ' 

Since  the  completion  of  K  .  ilic 

diving  bell  has  been  applied  I  >  >  her 

engineers  with  great  success   i  :;iilar 

operations  in  Dublin,  Donairhaihe,  a:ul  rjtlu.r  liarbours 
in  Ireland,  at  Holyhead  and  Portpatrick  on  this  side 
of  the  channel,,  and.  in  other  parts  of  the  kingdom. 
The  diving  bell  has  iilso  been  used  in  bridge-building, 
and  in  the  repairs  of  bridges.  In  the  construction  of 
the  Lary  Bridge,  near  Plymouth,  Mr.  Rendel  caused 
the  pile  heads  to  be  levelled  and  the  spaces  between 
them  paved  by  means  of  a  diving  bell.^     The  work 


linburgh  Cjclopadia :  : 


was  eseculed  \vith  safety  and  expedition,  and  Mr. 

i'fiidel  expresses  his  conviction  that  diving  beUs  ma5 
iployed  by  the  bridge-builder  in  a  variety  of  cases 
:iiuch  greater  advantage  and  economy  than  coffer 

'ilie  common  rectangular  diving  bell  is  subject  to 
considerable  vibration  in  rapid  streams.  It  has  been 
proposed  by  Col.  Pasley  and  others  to  attach  boat- 
shaped  ends  to  it:  on  descending  in  a  bell  thus 
provided  at  the  half  ebb  of  a  strong  flood  tide,  the 
Colonel  found  it  perfectly  steady. 

It  is  not  often  that  a  competent  observer  -will  con- 
descend to  publish  his  observations  of  phenomena  which 
arc  supposed  from  their  daily  occurrence  to  be  perfectly 
wcU  known.  There  are,  however,  numerous  facts  of 
great  and  permanent  interest  connected  withtlie  divmg 
bell,  which  can  only  be  accurately  observed  and  faith- 
fully recorded  by  a  scientific  man.  Such  a  narrative 
has  been  given  by  Dr.  CoUadon  of  Geneva,  the  results 
of  whose  experience  were  given  in  a  paper  read  before 
I'loyal  Society  of  Edinburgh  in  April,  1821 ;  from 
h   we   gather   the   following   particulars.      Dr. 

,  Jon,  being  in  Ireland  in  September,  1S20,  had 
;ui  u|)portunity  of  going  down  in  a  diving  bell  then  in 
use  at  Howth  Harbour,  near  Dublin.  The  weather 
at  the  tune  was  very  fine,  but  the  wind  rather  high, 
and  the  sea  rough.  The  party  got  into  a  boat  at  11 
o'clock,  A.  31.,  and  in  a  few  minutes  came  alongside 
a  vessel  to  which  the  diving  bcU  was  attached.  The 
workmen  were  then  at  the  bottom  of  the  water, 
employed  in  elciiring  the  entrance  of  the  harbour. 
The  bell  was  a  kind  of  oblong  ii-on  chest,  cast  in  one 
single  piece,  open  below,  6  feet  long,  4  broad,  and  5 
liigli :  it  weighed  4  tons,  it  was  3  inches  thick  at 
bottom,  and  half  that  thickness  at  top.  It  was 
cast  in  London,  and,  including  the  necessary  apparatus 
and  the  air  pump,  cost  about  200/.  The  beE  being  a 
great  deal  heaner  than  the  water  which  it  displaced, 
descended  by  its  own  weight.  The  npper  part  was 
pierced  with  S  or  10  holes,  in  which  were  (Lxcd  the 
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same  number  of  Uiick  convex  glasses,  winch  transmitted 
the  light.  The  glasses  or  lenses  were  fixed  in  the 
top  of  the  bell  by  means  of  a  eopper  ring  screwed  up 
against  the  glass,  between  which  and  the  bell  a  coat 
of  putty  was  laid,  and  then  screwed  np  hard,  so  as  to 
rr,:.;  r  i*  :  'i  -t'l'  *.    Tlir  f-ji  v/n;  I  ':•■■:,  I  vrith  another 

t';,  .■   ,     '    ,        I     in  :       ;,     ,1     ;.•,]       !      :  ■       .       :     ;;.C     iutO     thC 

Li  the  inside  of  tlie  bell  was  a  v;dvc,  which  served  to 
close  the  aperture,  and  prevent  the  air  from  escaping. 
In  the  interior  were  two  small  benches  on  opposite 
sides  of  the  bell,  with  a  foot-board  between  them. 
There  was  room  enough  for  i  persons.  From  the 
middle  of  the  roof  descended  several  strong  chains, 
intended  to  sustain  a  kind  of  iron  basket,  in  which 
were  placed  the  stones  or  other  matters  to  be  carried 
up.  The  bell  was  suspended  by  the  centre  with 
strong  ropes,  and  managed  by  means  of  a  niovalile 
crane,  erected  on  the  deck  of  a  small  vessel.  The 
party,  consisting  of  Dr.  CoUadnn,  :i  inihl,  .si  .1  iwo 
workmen,  got  into  the  bell,  wl,:  ily 

elevated  above  the  sui'faee  for  I  ]  I  '  :      ,  ms 

a  boat  placed  underneath  it.  Tiie.)  dL^r'.i.'.rd  to 
slowly  that  they  did  not  notice  the  motion  of  the  bell ; 
but  as  soon  as  the  beU  was  immersed  in  water,  they 
felt  about  the  ears  and  the  forehead  a  sense  of  pressure 
which  contmued  increasing  during  some  minutes : — 

"  I  did  not,  however,  experience  any  pain  in  the 
ears ;  but  my  companion  suffered  so  much,  that  we 
were  obliged  to  stop  om-  descent  for  a  short  time. 
To  remedy  that  mconvenience,  the  woikmcn  iusti  ucted 
us,  after  having  closed  our  nostrils  and  mouth,  to 
endeavom-  to  swaUow  and  to  restrain  our  respir.ition 
for  some  moments,  in  order  that,  by  this  exertion, 
the  mterual  air  might  act  on  the  Eustachian  tidie. 
My  companion,  however,  having  tried  it,  found  him- 
self very  little  relieved  by  this  remedy.     After  some 
minutes  we  resimied  our  descent.     My  fili  n  1      "  1 1  ', 
considerably :    he  was  pale,   his   lips   ^^  d      i 
discoloured,  liis  appcatauce  was  that  of  a  ' 
pomt  of  faiutmg,  l.r  m,i»  la  invohmtai\  1  > 
owing,  peili  1  I       '  I       11 '  iif  the  pain,  addi  J  to 

that  kuul  I  1  .huh  our  situation  un- 

avoidably 11  1  ,  ,    lied  to  me  the  more 

remarkable,  .._  ..    e Ul.illy  the  reverse.    I  was 

in  a  state  of  oxciteuiLut  resembling  the  effect  of  some 
spirituous  liquor.  I  suffered  no  pain,  I  experienced 
only  a  strong  pressure  round  my  head,  as  if  an  ii-on 
ch-cle  had  been  bound  about  it;  I  spoke  with  llu 
workmen,  and  had  some  difficulty  in  hearing  tin  m 
This  difficulty  of  hearing  arose  to  such  a  height,  tli  i 
dui-uig  3  or  i  nunutes  I  could  not  hear  them  speak. 
I  could  not,  indeed,  hoar  myself  speak,  though  I  spoke 
as  loudly  as  possible ;  nor  did  even  the  great  noise 
caused  by  the  violence  of  the  current  against  the  sides 
of  the  bell  reach  my  ears.  After  some  moments  we 
arrived  at  the  bottom  of  the  water,  where  every 
unpleasant  sensation  almost  entirely  left  us.  We  were 
then  27  feet  below  the  surface.  I  confess  that  the 
reeollection  of  the  great  depth,  joined  to  the  idea  that 
if  the  smallest  stone,  or  other  matter,  should  obstruct 


the  action  of  the  valve,  the  bell  woidd  be  mstantly 
filled  \vith  water,  did  not  fail  to  create  fur  a  short 
time  a  kind  of  uneasuiess.  One  of  the  workmen, 
however,  to  whom  I  imparted  my  thoughts  on  that 
subject,  desired  me,  with  a  smile,  to  look  at  one  of 
the  glasses  placed  above  ns,  -.!i'-li  T  •■i-.-iv».a  to  be 
so  much  cracked  in  the  miilil!  '  :  '  '  '  '  "f  air 
were  continually  escaping.     V> .   >  i       i     .(he 

whole  of  our  stay  under  w:iti  :  „     .>  .     We 

experienced  now  ;i  ill  I  il;  iin;;.  '  ii  ..i.  Uur  perspi- 
ration was  somctiii.  ■  1 '>  Miuielimcs  there 
suddenly  came  over  i:  •  ;r  as  to  prevent 
my  seeing  the  woikn-  :i  i'\:^r.  ,1  i  j^.  -iic  me;  but  as, 
by  means  of  the  signals,  they  constantly  sent  us  from 
above  pui-e  air  in  so  large  quantities  that  a  great  part 
of  what  was  contained  in  the  bcU  made  its  escape  with 
great  violence,  this  inconvenience  very  soon  disap- 
peared.    Oin-  pulse  was  not  affected." 

Jlr.  Bald,  who  went  down  two  days  before  ui 
another  part  of  the  harbour,  took  with  him  a  ther- 
mometer, and  found  the  temperatm-e  of  the  an-  at  the 
surface  and  in  the  inside  of  the  bell  to  be  G3°  Eahr., 
whilst  the  temperature  of  the  water  witliin  a  foot  of 
the  bottom  (that  is  to  say,  19  feet  below  the  surface,) 
was  56°  Eahi-.  "The  light  which  we  had  in  going 
down  and  at  the  bottom  of  the  sea  was  very  strong. 
Mr.  Bald  coiJd  distingidsh  very  easily  in  desccuiling 
a  great  number  of  fishes,  and  other  marme  animals, 
which  fled  at  the  approach  of  the  diving  bell.  The 
sun  shone  bright,  and  I  could  write  and  read  very 
easily.  We  gathered  some  fuel.  We  took  some 
marine  animals,  and  obtained  several  pieces  of  rock. 
That  part  of  the  bottom  of  the  sea  which  did  not 
present  any  rock,  was  composed  of  sand  and  pebbles. 
The  curient  of  water  was  very  violent ;  the  colour  of 
the  water,  as  seen  through  the  glasses,  seemed  to  us 
to  be  of  a  liglit  green ;  in  the  bell,  where  we  had  about 
10(irl2inihesof  it,  itwns  quite  crlouilcss.     Havmg 

1  ,  'u  open  ah-,  they 

I,  Inlly  satisfied 
,    1     •  li    1         1        1  .      >      i.luf  the  facility 

and  b.irdy  uf  tin  sc  subiiuiiuc  oiieiations.  Before 
w  e  went  dovni  they  had  lost  their  basket  at  the  bottom 
of  the  water,  and  m  order  to  find  it  agaui,  they  were 
obliged,  in  using  their  signals,  to  have  the  bell  moved 
m  every  direction,  which  gave  us  the  advantage  of 
becoming  wcU  acquainted  with  the  method  they 
eniplo\ed  in  making  themselves  nndcistoood.  Li 
_     1   '      '■        1  >  I     'i  ii.ieuced  in  the 

I       1  I  lueh  we  felt  in 

1  '  1 11  1  I  1  i'  II  111  1  ■,  wcie  about  to 
sepal  ite.  This  disagreeable  sensation,  however,  did 
not  last  long ;  we  were  in  a  short  time  above  the 
surface,  not  only  much  pleased  with  what  we  had 
seen,  but  also  with  the  idea  of  emerging  safe  from 

The  signals  made  use  of  by  the  workmen  are  very 
sunple ;  they  consist  in  a  smaller  or  greater  number 
of  strokes  given  with  a  hammer  against  the  sides  of 
the  bell.    They  are  easily  heard  on  board,  thougn  no 
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noise  made  above  reaches  the  bell  below.  Tlicie  is 
north  and  south  end  fixed  to  each  beU,  and  Mhich  is 
always  attended  to  by  those  on  board,  so  that  they  e  n 
be  moved  with  accuracy  whenever  they  waut  to  wc  i 
either  south,  north,  west,  or  east.  The  signals  foi  1 1 
various  operations  are  as  follow: — 1  stroke  me  ii 
"More  air,"  or  "pump  strong;"  2,  "Stand  fast,' 
wliich  is  appheable  to  all  motions ;  3,  "  Hoist ,"  i, 
"Lower;"  3,  "More  south;"  6,  "North;"  7,  "Piont," 
8,  "  Back ;"  9,  "  Lower  down  the  bucket ;"  10,  "  Hoist 
up  the  bucket  loaded ;"  and  so  on.  The  men  also  send 
up  a  note  of  what  they  want  upon  a  label,  which  is  in- 
stantly attended  to  if  practicable,  or  some  intimation 
sent  down  to  them  that  it  cannot  be  done.  This  is 
effected  by  means  of  a  cord,  one  end  of  which  is  in  the 
bell,  and  the  other  upon  deck.  It  is  by  the  signals 
above  described  that  the  beU  is  moved  from  one  place 
to  another  in  search  of  stones.  This  is  effected  by 
raising  the  bell  a  few  feet  from  the  bottom,  and  then, 
by  the  aid  of  the  moorings  of  the  ship,  the  bell  sweeps 
along  in  any  desired  direction;  as  soon  as  a  large 
stone  is  discovered  a  signal  is  made,  the  horizontal 
movement  is  stopped,  and  the  bell  lowered  over  the 
stone.  If  the  bell  be  a  little  aside  the  workmen  can, 
by  standing  in  the  bottom  of  the  sea,  and  pressing 
with  their  shoulders  against  the  bell,  make  it  swing 
a  foot  or  two  in  any  direction,  as  it  is  suspended 
from  an  outrigger  at  some  height  from  the  vessel's 
deck.  The  men  at  Howth  are  principally  occupied 
in  clearing  the  entrance  to  the  harbour.  They  are 
paid  by  the  ton  weight  for  what  they  quarry,  and 
send  up,  viz. — Gs.  Gd.  per  ton  for  very  hard  rock, 
that  has  chiefly  to  be  blasted  with  gimpowder;  Us.  5d. 
per  ton  for  easier  quanled  rock ;  and  is.  per  ton  for 
detached  stone,  gravel,  and  mud.  At  tliis  rate  they 
are  able  to  earn  on  an  average  20s.  per  week  all 
the  year  round.  Then-  tonnage  of  rock  averages  3^ 
tons  per  day,  and  detached  stone  5i  tons  for  4  men. 
This  method  of  blowing  up  roeks  by  aid  of  the 
diving  bell,  as  practised  in  Ireland,  is  as  follows : — 
Three  men  are  employed  in  the  bell :  one  holds  the 
jmnper  or  boring  u'on,  the  other  two  strike  alternately 
quick  smart  strokes  with  hammers.  Wlien  the  hole 
is  bored  of  the  requisite  depth,  a  tm  cartridge  filled 
with  gunpowder  about  2  inches  diameter,  and  a  foot  m 
length  is  inserted,  and  sand  placed  above  it.  To  the 
top  of  the  cartridge  a  tin  pipe  is  soldered,  having  a 
brass  screw  at  the  upper  end.  The  diving  bell  is  then 
raised  up  slowly,  and  additional  tm  pipes  with  brass 
screws  are  attached,  till  the  pipes  are  about  2  feet 
above  the  siu'face  of  the  water.  In  the  old  practice 
the  tube  was  lUled  -with  powder  in  a  train,  and  fired ; 
hut  m  many  instances  the  heat  melted  the  solder  of 
the  pipe,  and  the  water  cntermg  extinguished  the  fire. 
The  improved  method  is  to  leave  the  tube  empty. 
The  man  who  is  to  fire  the  charge  is  placed  in  a  boat 
close  to  the  tube,  and  to  the  top  of  the  tube  a  piece 
of  cord  is  attached,  which  he  holds  in  his  left  hand. 
Having  in  the  boat  a  chaffer  with  small  bits  of  u'on 
red  hot  in  it,  he  with  a  pair  of  nippers  takes  one  of 
the  bits  of  hot  iron  and  ckops  it  down  the  tube,  which 
instantly  ignites  the  powder  and  blows  up  the  rock. 


I  A  small  piit  of  the  tube  is  destroyed  next  the  cartridge, 

hut  the  giuitLi  part,  wluch  is'held  by  the  cord,  is 

I  I  tuie  service.     The  workmen  in  the 

n )  shock  by  the  explosion ;  the  only 

it  eiuptive  ebullition  of  tne  water, 

I     cxplobion ;  but  those  who  stand  on 

the  ah  u  .aid  upon  any  part  of  the  roeks  connected 

■nith  those  which  aie  b'owiiig  up,  feel  a  very  strong 

concussion,  similar  to  the  shock  of  an  earthquake. 

A  ceitam  depth  of  ^\atel  is  necessary  for   safety, 

piobably  at  least  12  feet.     The  workmen  cannot  go 

down  and  work  when  the  sea  is  very  rom^h,  as  the 

swell  woidd  prevent  them  from  settling  on  the  bottom; 

and  they  arc  frequently  annoyed  with  what  is  termed 

a  groimd-stcell,  when  it  is  quite  still  at  top.    This  is 

a  sure  prelude  of  a  breeze  of  eastern  wind,  wliich 

seldom   fails   to  set   in   soon  after,   if   it  has  not 

prevailed  at  the   time   on  the  other   side   of   the 

Channel. 

The  best  and  easiest  time  for  going  down  is  at  low 
water,  when  there  is  less  pressure ;  but  amateurs 
prefer  gomg  down  at  high  water,  that  they  may 
have  it  to  say  that  they  were  20  or  30  feet  below 
water  in  a  diving  bell.  The  workmen  are  generally 
doii^-n  in  the  diving  bell  5  hours  in  the  day  without 
coming  up ;  and  in  summer  one  set  of  men  are  down 
ten  hours  one  d.ay,  and  5  honi's  the  other,  and  so  on 
alternately.  They  work  at  aU  seasons  of  the  year, 
and  do  not  feel  much  difference  in  the  temperatui-e. 
The  water  is  more  chilly  in  the  winter,  and  when  they 
come  np  into  the  atmosphere  they  feel  it  rather  cold 
after  being  heated  by  their  exertions  below.  They 
do  not  complain  in  general  of  pains  in  the  head, 
except  those  who  are  new  to  this  employment,  and 
they  are  at  fu-st  affected  Lu  this  way,  and  about  the 
ears ;  but  this  soon  wears  off.  The  men  are  in  general 
rather  relaxed  in  their  bowels,  probably  owing  to 
their  feet  being  constantly  wet  and  cold.  The  super- 
intendant  stated  he  is  generally  troubled  with  looseness 
and  a  copious  flow  of  ui-me,  but  that  his  appetite  was 
greatly  increased.  He  stated  that  he  found  it  bene- 
ficial to  take  a  little  spirits  on  coming  up ;  that  the 
time  never  seemed  long  to  him  when  below ;  that  he 
has  frequently  been  7  hours  under  water,  without 
ascending,  and  scarcely  thought  it  half  that  time. 
None  of  the  men  became  deaf,  and  it  was  thought  ui 
some  cases  to  be  of  benefit  to  persons  afflicted  with 
deafness.  One  man  who  had  been  rather  affected  in 
his  breatliing  was  completely  cm-ed  by  belling. 

DOCK.  (Teutonic  doch,  from  dekken,  to  cover, 
enclose,  or  protect.)  Am  artificial  basin  or  excavation 
for  the  reception  of  ships  in  rivers  and  harhom-s,  for 
the  pui'poses  of  repair,  or  for  loading  and  unloading 
then-  cargoes  out  of  the  influence  of  the  tide.  They 
are  constructed  of  brick,  stone,  or  timber ;  with  locks 
or  flood-gates  pointed  to  or  from  the  tide,  to  keep  the 
water  in  or  out  as  may  be  required. 

Wet  docks  are  for  the  reception  of  sliips  to  lie  afloat 
while  loading  or  unloading,  with  gates  pointed  from 
the  tide,  to  keep  the  water  in  at  low  water.  They  are 
sometimes  furnished  with  locks  ■nith  double  gates,  in 
order  to  economise  the  water.     A  wet  dock  without 
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pates  is  called  a  basin;  but  tliis  Icnn  is  oflcu  applied 
to  any  form  of  wet  dock. 

Brj/  (locks  become  so  by  tlio  ebbing  of  the  tide  when 
the  gates  are  left  open,  or  by  slmtting  tbc  gates  at 
low  water,  and  pumping  out  the  water  that  remains ; 
lliis  is  now  usually  done  by  steam  power.  Ships 
under  repair  are  placed  in  dry  A  r  ,^;  ilnv  ,i;i' 
admitted  at  high  water,  and  the  v  :      '       ,     '    , 

water ;  and  when  the  repau-s  ar- 
are  again  opened  before  the  ri.^c  i;l  iLu  u.ic,  ;,iid  liic 
vessel  is  hauled  out  of  dock.     Ships  are  also  bmlt  in 
dry  docks  called  slips. 

"  Wot  docks  arc  an  improvement  in  navigation  and 
commerce  of  (he  utmost  importance,  but  of  very 
modern  date  in  tliis  countiy :  indeed,  thoy  owe  their 
introduction  entirely  to  the  spiiit  of  individual 
enterprise  in  commercial  specidation.  Liverpool 
miglit  still  have  remained  a  poor  fislmig  village  but 
for  its  eonveuieut  docks,  whieli  not  only  produce  to 
tlie  town  and  corporation  a  large  revenue,  but  ensm-o 
to  the  merchant  every  possible  facility  in  refitting, 
loading,  and  discharging  his  ships,  whatever  their 
burden  or  their  cargo  may  be,  without  being  exposed 
to  the  risk  of  losing  both  ship  and  cargo  in  a  rapid 
tide  river ;  and  at  all  events  to  an  unavoidable  delay, 
occasioned  by  distance,  the  weather,  or  the  staic  of 
the  tides." 

Tlie  most  important  docks  on  the  Thames  arc  the 
East  and  West  India  Docks,  the  London  Docks,  St. 
Katherine's  Docks,  and  the  Gonnnercial  Docks.  There 
are  also  important  docks  at  Southampton,  Liverpool, 
and  Birkenhead,  Bristol,  HviU,  Dundee,  Goole,  Leith, 
&c.  A  valuable  article  on  this  subject,  fidl  of  prac- 
tical information,  \ri\l  be  found  in  M'Culloch's 
"Dictionary  of  Cunuucrce,"  1S50. 

DORNOriC,  ,  1,ii,  ■ .  r :  t-il  figured  linen,  first  ma- 
nufacturcil  :  f      '  in!  of  (lie  same  name. 

DRAGON.  :'  -nfadrq,  red  colour, 

irajiortcd  fo  ;  ::,  i  t  lilir,.  Prol'cssor  LrauJe 
says : — "  The  finest  kind  is  in  large  red  drops  or 
tears,  and  is  said  to  be  the  produce  of  calamus  draco. 
It  also  occurs  in  masses  of  various  degrees  of  pxu-ity, 
and  in  sticks  enveloped  in  palm  leaves,  but  these 
varieties  appear  more  or  less  adulterated.  Pure 
dragon's  blood  is  of  a  deep  red  colour,  soluble  in 
alculiol,  and  ether,  and  hi  alkaUne  solutions."  It 
roi.<  ;,,.  :i  Ti  ',  'n  ii/.oie  acid,  and  its  chief  use  is  for 
till  irpcntine  varnishes,  for  preparing 

p"  i   '  I'  tooth  tinctures  and  powders,  for 

DRMNAGE  is  an  art  of  very  gi-eat  importance 
in  works  of  civU  engineering,  and  in  rural  domestic 
economy :  its  object  is  to  collect  and  convey  away 
the  refuse  waters  and  other  matters  from  lands, 
towns,  and  buildings.  By  its  means  swamps  and 
fenny  districts  arc  converted  into  fertile  land;  the 
health  of  (he  inhaliitants,  whether  of  town  or  eouutiy. 


hidden  water  remains,  manure,  whether  putrescent 
or  caustic,  imparts  no  fertility  to  the  soil ;  the  plough, 
the  harrow,  and  even  the  roller,  cannot  pulverize  it 
into  fine  mould;  new  grass  from  it  coutaius  li((lc 
nutriment  for  live-stock;  and  in  old,  the  finer  sorts 
disappear,  and  are  succeeded  by  coarse  sub-aquatic 
jMijil^.  Thr  ^iock  never  receive  a  hearty  meal  of 
.   \  :;r;i.w  from  land  in  this  state,  they 

oigiy  and  dissatisfied,  and  of  course 
111  luv.  rj,,  I:  111.  Trees  acquii-c  a  hard  bark  and 
stifi'oncd  branches,  and  become  a  prey  to  parasitic 
plants.  Tlie  roads  in  the  neighbourhood  are  con- 
stantly soft,  and  apt  to  become  rutted ;  whilst  ditclics 
and  fiuTows  are  cither  plashy,  or  Idee  a  WTUug  sponge, 
ready  to  absorb  water.  The  air  always  feels  damp 
and  chilly,  and  from  early  autumn  to  late  m  spruig 
the  hoai-frost  meets  the  face  like  a  dam])  cloth.  In 
winter,  the  slightest  frost  encrusts  every  furrow  with 
ice,  not  strong  enough  to  bear  one's  weight,  but  just 
weak  enough  to  give  way  at  every  step,  whdc  snow 
lies  long  Ivu-king  m  shaded  corners  and  crevices ;  and 
in  summer,  musquitoes,  green-flies,  midges,  gnats, 
and  gad-flies,  torment  the  cattle,  and  the  ploughman 
and  his  horses,  from  inornmg  to  night;  whilst  in 
autumn  the  sheep  get  scalded  heads,  and  are  eaten 
up  by  maggots,  during  hot  blinks  of  sunshuie.  These 
are  no  exaggerated  statements,  but  such  as  I  have 
observed  in  every  ooiuity  in  Scotland,  in  hill,  valley, 
and  plain;  and  wherever  such  phenomena  occur,  it 
may  be  concluded  that  stagnant  water  lurks  beneath 
the  soil  upon  a  retentive  subsoil." 

The  same  authority  also  states  the  benefits  of 
thorough  draining.  He  says: — "Oil  di-ained  land, 
the  straw  of  white  crops  shoots  up  steaddy  from 
a  vigorous  braid,  strong,  long,  and  at  the  same  time 
so  stiff,  as  uot  to  be  easUy  lodged  with  wind  or  ram. 
The  grain  is  phmip,  large,  bright-coloured,  and  thin- 
skinned.  The  crop  ripens  imiformly,  is  bulky  and 
prolific;  more  quickly  won  for  .stiickiiii:;  in  hancst; 
more  easily  thrashed,  winuovo  L  ;i,o  r'.  i  >  I.  .•md 
produces  fewer  small  and  li-ii'  ■         i:       louv 

also  makes  better  fodder  for  In  o  .  I  ..  '  :  ,.,  jiows 
raii,  long,  and  jiucy,  and  the  iloi.Li.,  l.u:->  .md  of 
bright  colour.  The  hay  weighs  heavy  fur  iis  bulk. 
Pastm-e-grass  stools  out  in  every  direction,  covering 
the  ground  with  a  thick  sward,  and  produces  fat  and 
milk  of  the  finest  quality.  Tui'uips  become  large, 
plump,  as  if  fuUy  grown,  juicy,  and  with  a  smooth 
and  oily  skin.  Potatoes  push  ou.t  long  and  strong 
steins,  with  cidarged  tubers,  havuig  sldus  easUy 
peeled  off,  and  tlicir  substance  mealy  when  boiled. 
Live  stock  of  every  description  tlu'ive,  show  good 
temper,  are  easily  fattened,  and  of  fine  quality. 
Land  is  less  occupied  with  weeds,  the  increased 
luxiuiauce  of  all  the  crops  cheeldng  their  growth. 
Summer  fallow  is  more  easily  cleaned,  and  much  less 
work  is  required  to  put  the  land  in  proper  order  for 
the  manui-e  and  seed ;  and  all  sori 
corporate   more  qiucldy   and  thoi 


aughly  wiih  the 


soil." 

Mr.  Black  in  his  Prize  Essay  o 
similar  testimony.     He  is  referring  to  the  effects  of 
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draining  on  the  estate  of  Spottiswoode  in  Berwiok- 
Bliii-e.  "  Bm-sts  and  springs  which  formerly  disfigured 
entire  fields,  and  wliich  rendered  tillage  precarious 
and  unprofitable,  are  now  not  to  be  seen  ;  and  swamps, 
which  were  not  only  useless  ui  themselves,  but  which 
injured  all  the  land  around  them,  have  been  totally 
removed.  The  consequenee  is,  that  tillage  can  now, 
in  those  parts,  be  carried  on  without  inten-uption, 
and  with  nothing  beyond  the  ordinary  expenditure  of 
labour  and  manure ;  and  a  sward  of  the  best  grasses 
raised  and  eontiimed  on  spots  which  formerly  only 
produced  the  coarsest  and  least  valued  herbage.  .  .  . 
The  hm-tful  efl'ects  of  rime  or  hoar-frost  on  vegetation 
is  a  circumstance  familiar  to  all  who  have  had  ex- 
perience of  cold  and  clc\-ated  districts,  or  of  low 
lands  subject  to  cxliahitions,  excluded  from  the  in- 
fluence of  the  sun  and  currents  of  air.  The  rime  in 
these  swampy  hollows  was  found,  even  in  the  warmest 
seasons,  to  be  productive  of  serious  inconvenience 
and  injury  to  the  growing  crops ;  and  that  chiefly  at 
the  period  when  the  gram  was  approaching  its  mature 
state.  This  evil,  it  may  be  said,  has  been  removed, 
or  at  least  is  now  so  little  felt,  that  the  grain  produced 
in  these  very  hollows  has  for  many  years  escaped  the 
smallest  perceptible  injury  from  this  cause. 

"  Another  effect  which  was  stUl  less  contemplated, 
and  has  not  less  agreeably  resulted  from  the  drainage 
undertaken,  has  been  the  improvement  of  the  trees 
and  woodlands  on  the  property.  Considerable  diffi- 
culty was  experienced  in  nursing  up  the  trees  in  the 
first  stages  of  their  gi-o\vth;  and  often  individual 
trees  grew  up  with  stunted  stems  and  covered  with 
parasitical  plants,  which  always  indicate  unhealthy 
growth.  Latterly  this  evil  has  been  infinitely  less 
felt,  owing  in  a  material  degree  certaiidy  to  the  su- 
perior management  of  the  woods  themselves,  but 
obviously  also  in  a  certain  degree  to  the  great  dry- 
ness of  the  ground.  Since  several  of  the  woods 
have  been  laid  dry  by  undcr-drainage,  the  ground  in 
many  of  the  hollows  has  sunk  so  much,  that  the  roots 
of  the  trees  have  been  left  standing  up  bare  above 
the  sm-face,  with  the  appearance  of  crow's  feet;  and 
parts  which  were  boggy  and  marshy,  and  in  which 
sportsmen  used  to  stick  fast  in  hunting,  arc  now 
l)erfectly  solid,  with  a  good  sward  of  grass,  over 
which  they  may  now  gallop  with  freedom." 

The  art  of  draining  is  usually  supposed  to  lie 
restricted  to  the  caiTying  off  of  water;  but  in  ii:- 
more  extended  sense  it  includes  irrigation,  or  tin 
proper  distribution  of  water  over  a  surface,  with 
arrangements  for  cari-ying  it  off  when  it  has  served 
its  purpose.  Hence,  if  the  natural  supply  of  water 
be  deficient,  it  is  the  duty  of  the  drainer  to  increase 
it ;  if  excessive,  to  reduce  it. 

The  importance  and  value  attached  to  supplies  of 
water  in  Eastern  countries  are  illustrated  in  many 
beautiful  passages  of  Scripture,  showhig  that  water- 
springs,  rains,  and  dew,  were  the  most  esteemed 
among  earthly  gifts,  and  therefore  the  most  appro- 
priate to  be  the  figures  of  spiritual  blessings.  Other 
passages  show  that  the  art  of  migation  was  known 
to  the  earliest  husbandmen.     It  has  been  supposed 


that  the  annual  overflowing  of  the  Nile,  and  the 
benefits  derived  to  Egy])t  by  that  means,  fu-st  sug- 
gested the  idea  of  artificial  irrigation  to  the  Egyptianb, 
and  that  other  nations  learned  the  art  from  them. 
The  Egyptians  practised  the  art  on  a  large  scale,  as 
the  remains  of  their  canals  and  vast  artificial  lakes 
testify.  Various  hydi'aulie  machines  were  also  used, 
some  of  which  appear  to  have  resembled  the  water- 
wheels  of  the  fen  districts  of  England,  and  to  have 
been  worked  by  the  feet  of  men,  after  the  marmer  of 
the  tread-mill.  This  laborious  method  of  watering 
the  ground  seems  to  have  been  common  in  Egypt 
during  the  sojourn  of  the  children  of  Egypt  in  that 
land,  for  Moses  di-ew  the  following  remarkable  con- 
trast between  the  climate  and  customs  of  Egypt, 
where  rain  seldom  falls,  and  the  more  genial  climate 
of  the  promised  land.  "  For  the  land  whither  thou 
goest  m  to  possess  it  is  not  as  the  land  of  Egypt, 
from  whence  ye  came  out,  where  thou  sowcst  thy 
seed,  and  wakrcst  it  with  thy  foot,  as  a  garden  of 
herbs ;  but  the  land  whither  ye  go  to  possess  it  is  a 
laud  of  hills  and  valleys,  and  druiketh  water  of  the 
rain  of  heaven,"  Dent  xi.  10,  11. 

The  method  of  mising  and  distributing  v/atcr  in 
Egypt  at  the  prcsmi  i';m'  N  ili^i,  ^Irsnllu'l  Water 
from  the  Nile  is  .  !  ,  large 
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leathcrn  buckets,  or  Persian  wheels,  arc  employed : 
these  machines  are  placed  all  along  the  banks  of  the 
Nile,  from  the  sea  to  the  cataracts.  When  the  grain 
crops,  or  the  saffron,  melons,  sugar-canes,  &c.,  rccpure 
watering,  a  plug  is  taken  out  from  the  bottom  of  the 
cistern,  and  the  water  which  gushes  out  is  guided 
from  one  rUl  to  another  by  persons  whose  office  it  is 
to  manage  the  flooding  of  the  ground. 

Sometimes  the  water  is  merely  raised  by  wicker 
baskets,  luicd  with  leather.  Each  basket  is  managed 
by  two  men,  and  is  held  by  cords  between  them. 
Lowering  and  filling  the  basket  at  the  river,  they 
swing  it  o\er  tlie  banks  into  the  canal,  which  conveys 
it  at  once  to  the  land  requiring  water. 

In  Bengal  the  fields  are  diligently  watered,  or  they 
would  yield  little  produce.  Wells  are  dug  in  the 
liighest  parts,  and  by  means  of  bullocks,  and  a  rope 
o^■cr  a  pullcv,  water  is  raised  in  buckets,  and  carried 
;;,  ■  '1  .'":'.;-  I.T^.iy,  !!  .,-|hr  field.  Without 
I  i:  .    ■        ■:   i  i    :  .'ill   hot   comitrics, 

■  ,     !   .  1'   :  ■    ii'  .      !..  .1  :-  :  '..■  -,-(':itcr  part  of  the 

li II  111  ■■    r..iiM   :,  '   1  ,    ,    '  :     ■ :  \.     Accordiugly, 

over  the  vast  rri;:'  I        >  \  I :  i' ;i,  the  iiTi'gation 

of  the  land  by  rm  n  .  i  i:  .  i  ,  In-uks,  lakes,  and 
wells,  is  a  labour  (  .:  !  ,  i  ,  i  lil'e.  Amachine 
sunilar  to  the  l\i6i.,u  mLilI  lo  ubcd  in  China  for 

In  Southern  Europe,  also,  irrigation  is  extensively 
carried  on.  Li  Italy,  especially  on  the  banks  of  the 
Po,  it  was  practised  long  before  the  time  of  Virgil, 
and  is  zealously  continued  to  this  day.  The  waters 
of  all  the  chief  rivers  of  Northern  Italy,  as  well  as  of 
mmierous  minor  streams,  are  thus  employed.  Erom 
Venice  to  Turin,  the  entire  country  is  said  to  be  one 
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great  water-meadow,  for  the  watering  is  by  no  means 
confined  to  grass  lands,  but  is  conveyed  into  the 
hollows  between  the  ridges  in  corn  lauds,  is  distri- 
buted over  the  lowlands,  where  rice  is  cultivated, 
and  is  can-ied  round  the  roots  of  vines.  It  was 
from  Italy  that  the  practice  gradually  spread  through- 
out the  South  of  France,  and  from  thence  to  Spain 
and  Britain. 

The  conducting  of  water  from  rivers  and  canals, 
and  measuring  it  out  in  certain  quantities,  is  conse- 
quently an  important  business  of  Southern  Europe, 
and  also  forms  a  nice  part  of  the  science  of  engmeermg. 
In  Lombardy,  the  water  of  all  the  rivers  belongs  to 
the  State.  In  the  Venetian  territories  the  govern- 
ment not  only  claims  the  rivers,  but  also  the  smallest 
springs,  and  even  collections  of  rain  water.  In 
renting  the  water  of  rivers  from  government,  contracts 
are  made  to  pay  so  much  for  the  use  of  the  water  for 
an  hour  or  half  an  hoiir  at  a  time,  or  for  so  many 
days  at  certain  periods  of  the  year.  A  person  desiring 
to  ii-rigate  his  lands  has  the  right  of  making  a  canal 
through  another  estate,  which  may  Ue  between  him 
and  the  river,  being  bound,  however,  to  pay  the  owner 
the  value  of  the  land,  and  to  avoid  bringing  the  canal 
close  by  the  mansion,  or  through  the  garden  of  the 
proprietor.  The  rent  of  land  having  the  means  of 
irrigation  is  one-third  higher  in  Northern  Italy  than 
that  of  lands  not  so  provided.  As  may  be  supposed, 
the  utmost  care  is  bestowed  in  economising  the 
precious  fluid. 

The  principle  of  the  system  of  irrigation  adopted 
in  I, "ML  II  '.}  1^1  -li'.\i,  II  ill  1  js  r2l-,  7:.'j,  in  which 
a   ■  .       '  J  i;  iiiL'-  rliannels  :  the 
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water  ovcrflowmg  from  these  spreads  over  the  rect- 
angular sections  of  land  between  them,  and  thence 
passes  into  the  draining  channels  c  c,  formed  at  a  lower 
level  than  the  supply  channels,  and  is  received  in  the 
common  drain  d  d,  through  which  it  passes,  and 
becomes  the  means  of  irrigating  and  draining  to 
other  similar  districts  in  succession.  The  width  of 
land  between  the  channels  b  and  c  is  about  22  feet, 
and  the  difference  of  level  between  the  in-igating  and 
the  draining  channels  about  6  inches.  These  water 
meadows  are  in  tlus  way  in-igated  in  summer  during 
several  hours,  about  once  a-week,  and  in  winter,  from 


the  end  of  September  to  the  end  of  March  llie 
process  is  always  in  operation,  except  when  the 
grass  is  behig  cut. 

The  methods  of  watering  or  draining  districts  and 
lands  will  vary  with  their  respective  levels ;  those 
adopted  for  liigh  tracts  being  very  different  from  low 
ones.  As  plams  and  valleys  are  more  extensive  than 
hill-tops  and  uplands,  and  are  for  the  most  part  luiaer 
cultivation,  these  necessarily  receive  a  large  amount 
of  the  di-ainer's  care.  Those  low  lands  which  form 
the  margms  of  seas  and  rivers  are  frequently  en- 
cumbered with  a  large  surplus  of  water,  which  col- 
lects from  tlie  adjacent  estuaries  of  large  streams,  or 
from  ram  or  condensed  vapour.  If  the  level  of  the 
district  is  above  that  of  the  sea  and  the  mouths  of 
the  rivers,  the  laud  may  be  kept  tolerably  dry  by 
surface  dramage.  In  some  cases,  the  excess  of  water 
may  be  got  rid  of  by  tapping,  or  opening  a  communi- 
cation with  a  lower  and  permeable  stratum.'  If  the 
substratum  be  rock,  surface-draining  will  succeed, 
but  if  it  be  bog,  and  its  bed  below  the  river  or  sea 
level,  boring  to  the  lower  strata  must  be  resorted  to. 
If,  however,  the  level  of  the  district  be  below  that  of 
the  waters,  the  land  cannot  be  drained  without  em- 
banking. In  such  case,  in  order  to  keep  out  the 
water,  the  embankments  must  be  made  substantial, 
and  if  the  surface  of  the  land  eaunot  be  raised  to  a 
higher  level  than  that  of  the  water,  the  surplus  water 
must  be  got  rid  of  by  pumping.  The  system  of  em- 
bankments, carried  on  as  it  is  to  such  a  vast  extent 
in  Holland,  has  also  been  of  great  importance  to  oui 
own  island,  by  preserving  its  borders  and  extending 
its  surface.  In  the  feus  of  Cambridgeshire  and 
Lincolnshire,  the  art  of  draining  was  at  an  early 
period  forced  tipon  the  inhabitants  as  a  matter  of 
necessity.  The  bad  effects  of  wet  fields  and  moist 
pastures  were  recognised  and  deplored  when  the  art 
of  draining  them  was  not  understood  in  this  country  ; 
"  but  on  the  sea-coast,  and  especially  in  the  neigh- 
bourhood of  the  outfalls  of  rivers,  the  evil  of  neglect 
was  too  apparent  to  be  disregarded :  the  ocean  spread 
over  its  common  bounds,  and  the  waters  of  the  river, 
choked  up  with  sdt,  passed  their  limits ;  the  pastrje- 
flelds  became  swamps ;  in  some  eases  the  land  disap- 
peared by  degrees,  and  the  inheritance  of  ages  became 
merged  in  the  boundless  waters.  The  first  work  was 
to  out  channels  at  intervals  through  the  thi-eatened 
district,  (selecting  the  lowest  levels  for  them  where  a 
choice  was  afforded,)  in  which  the  excess  of  water 
might  be  coUeeted,  and  conducted  to  a  main  di-am 
cut  parallel  to,  or  at  an  angle  with,  the  coast  or  river ; 
the  transfer  of  the  water  from  one  to  the  other,  and 
from  the  main  to  the  sea  or  river,  being,  when  neces- 
sary, regulated  by  sluices.  The  earth  removed  from 
these  coUeetmg  and  main  drains,  being  cast  up  on 
either  side  of  them,  at  once  increased  their  available 
depth,  formed  boundaries  to  the  passing  water,  and 
raised  causeways  for  the  passage  of  men  and  anunals. 
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Thus  arose  the  combined  arts  of  draining  and 
banking." '  The  reader  who  is  interested  in 
subject  -svill  do  well  to  study  the  accounts  give 
the  various  methods  adopted  for  di-aining  the  districts 
of  the  fens,  a  short  account  of  which  maj  be  appro- 
priate here. 

The  Bedford  Level  is  a  term  appKed  to  a  vast  tract 
of  about  400,000  acres  of  low  land,  extending  into 
the  counties  of  Northamptonshire,  Huntingdonsliire, 
Cambridgeshire,  Lincolnshii-e,  Norfolk,  and  Suffolk. 
It  is  bounded  by  high  lauds,  which  encompass  it 
almost  in  the  form  of  a  horse-shoe.  In  that  part 
of  the  Level  which  mns  into  Northamptonsliire,  and 
extends  between  Peterborough  and  Crowland,  Peter- 
boroufjh  Fen  is  situated,  containing  between  6,000  and 
7,000  acres.  One  seventh  part  of  the  Level  is  situ- 
ated in  Huutiugdonshire.  Nearly  the  whole  of  the 
Isle  of  Ely,  which  forms  the  northern  division  of 
Cambridgeshii-e,  consists  of  this  marshy  ground. 
The  south-east  part  of  Lincolnshire,  usually  named 
Holland,  extending  to  the  river  Witham  on  the  north, 
is  a  fenny  district,  included  in  the  Bedford  Level. 
63,000  acres  are  situated  in  Norfolk,  and  30,000  in 
Suffolk. 

There  is  sufficient  evidence  to  prove  that  at  a  much 
lower  level  than  the  present  surface,  the  Bedford 
Level  was  formerly  dry  land.  From  natural  con- 
vulsions, and,  at  a  later  period,  from  embankments 
improperly  made,  the  waters  from  the  uplands  were 
prevented  from  flowing  into  chamiels  through  which 
they  might  discharge  themselves  into  the  sea;  the 
consequence  was  that  the  tract  became  gradually 
reduced  to  the  state  of  a  morass,  where  the  waters 
stagnating  and  becoming  putrid  produced  miasma 
injurious  to  the  inhabitants ;  while  from  the  sedge, 
reed,  and  slime  which  covered  this  extensive  district, 
it  became  impassable  even  to  boats.  At  the  time  of  the 
invasion  of  the  Romans  this  Level  was,  probably,  one 
of  those  vast  forests  to  which  the  Britons  fled  for  pro- 
tection against  their  invaders,  whose  pohoy  it  was  to 
cut  down  the  trees,  and  thus  destroy  these  native 
retreats.  "Wlien  the  Romans  became  masters  of  the 
island  they  compelled  the  Britons  to  clear  the  woods, 
and  embank  the  fens.  The  Roman  emperor  Severus, 
wlio  died  at  the  commencement  of  the  thii'd  century, 
was  the  first  who  intersected  these  fens  with  cause- 
ways. One  of  these,  extending  from  Denver,  in 
Norfolk,  to  Peterborough,  was  24  miles  long,  60  feet 
broad,  and  composed  of  gravel  3  feet  in  depth.  This 
causeway  is  now  covered  with  moor  from  3  to  5  feet 
in  thickness.  At  that  early  period  this  low  land, 
though  damp,  was  not  unpassable ;  but  up  to  the  13th 
century,  it  appears  that  the  waters  usually  flowed  in 
natural  channels,  and  had  not  devastated  the  sur- 
rounding country.  But  in  tlie  year  1236,  on  the  mor- 
row after  Martmmas  day,  and  for  the  eight  succeeding 
days,  the  sea  was  raised  by  a  strong  wind  higher  than 
its  usual  bounds,  and  it  broke  in  at  Wisbeach  and 


other  plaeeS;  destroying  many  people,  cattle,  &c.  A 
similar  accident  occurred  17  years  after,  and  the  king 
ordered  the  inhabitants  to  repair  the  banks  :  this  does 
not  appear  to  have  been  done  veiT  efficiently,  for  a 
few  years  after,  they  were  again  broken  by  the  violence 
of  the  tides. 

In  the  course  of  draining  this  district,  abundant 
evidence  was  found  of  the  previous  vegetation,  and 
that  it  was  inliabited  before  the  sudden  catastrophe 
which  overwhelmed  it.  "  Oak  trees  were  frequently 
found  at  a  depth  of  3  feet  or  more  beneath  the  surface, 
lying  near  their  roots,  which  still  stand  as  they  grew 
in  the  firm  earth  below  the  moor,  and  the  bodies  for 
the  most  part  north-west  from  the  roots,  not  cut  down 
with  axes,  but  burnt  asunder  somewhat  near  the 
ground.  Some  of  these  trees  are  5  yards  in  circum- 
ference, and  16  in  length,  and  many  have  acorns 
remauiing  near  them.  There  are  also  fir-trees,  which  ha 
1  foot  or  18  inches  deeper,  many  of  them  are  more  th.an 
30  yards  in  length,"  and,according  to  Dugdale,  onewas 
taken  out  in  the  year  1653,  "  36  yards  long  without 
the  top,  which  was  lying  near  the  root,  which  stood 
like-nise  as  it  grew,  having  been  burnt,  and  not  hewn 
down,  which  tree  bore  at  the  bottom  10  inches  square, 
and  at  the  ^op  8."  A  ladder  of  fir  with  about  40 
staves,  33  inches  asunder,  was  found  in  the  moors  at 
Thurne,  and  at  Haxey-Carr,  a  hedge  with  stakes  and 
binders.  Dugdale  states  that  the  buiied  trees  are  so 
numerous  that  the  inhabitants  have  on  an  average 
taken  up  2,000  cart-loads  in  a  year.  In  making  a 
deeper  channel  to  the  "Wisbeach  river,  8  feet  below 
the  then  bottom,  another  hard,  strong  bottom  was 
found,  on  which  were  lying  7  boats  covered  with  silt. 
In  digging  through  the  moor  at  Whittlesey,  in  the 
Isle  of  Ely,  for  the  purpose  of  making  a  moat,  at  the 
depth  of  8  feet  a  perfect  soil  was  found,  with  swaths 
of  grass  lying  on  it  as  they  were  first  mowed.  At 
Shirbeck  Sluice,  near  Boston,  a  smith's  forge  was 
discovered  buried  1 6  feet  deep ;  the  remains  of  several 
ancient  tan  vats  were  also  found,  besides  a  great  quan- 
tity of  boms,  and  some  shoe  soles,  sharp-pointed  in 
the  fashion  of  those  worn  in  the  reign  of  Richard  11. 

In  1436  the  project  of  draining  these  fens  engaged 
attention.  Large  sums  of  money  were  expended  in 
making  the  ditches  and  banks  secure,  but  the  next 
winter  being  wet  and  windy,  the  river  Ouse,  swelled 
into  a  torrent  by  tributary  brooks,  swept  away  all 
the  bulwarks  opposed  to  it.  This  accident  long  delayed 
the  execution  of  the  great  project,  which,  however, 
was  constantly  being  discussed  bypersonswho  favoured 
as  well  as  by  those  who  opposed  the  undertaking.  It 
was  not  till  the  year  1634  that  William,  Earl  of 
Bedford,  undertook  to  di-ain  this  fenny  district,  (hence 
called  the  Bedford  Leoel,)  on  condition  that  95,000 
acres  of  the  reclaimed  land  should  be  allotted  to  him 
as  a  compensation  for  the  expense  and  trouble  incurred. 
In  the  course  of  3  years  100,000/.  were  expended  in 
the  attempt,  and  the  work  was  partially  accomplished; 
the  embankments,  however,  proved  defective,  and  the 
whole  was  s^ain  allowed  to  lay  waste  until  1649, 
when  theEarl  once  moreattempted  the  task.  300,000/. 
were  then  expended  in  draining,  embanking,  &c..  and 


the  work  was  successful,  as  far  as  the  reclaiming  of 
the  land  was  eoneeraed,  but  the  sharers  in  the  under- 
taking found  that  the  95,000  acres  were  of  much  less 
value  than  the  sum  expended  in  procuring  them 
From  this  time,  however,  a  regular  system  was  adopted 
for  drairmig  and  preserving  the  land  already  reclaimed. 
In  1664  a  company  was  incorporated  for  its  manage- 
ment, consisting  of  1  governor,  6  bailiffs,  and  20  con- 
servators ;  and  to  the  present  day  the  fens  are  managed 
and  preserved  by  this  corporation.  Numerous  cuts 
have  been  made,  intersecting  every  part :  some  of  these 
cuts  are  so  large  and  deep  as  to  serve  for  navigable 
canals.  In  the  Isle  of  Ely  the  Old  and  New  Bedford 
Rivers  are  two  cuts  running  nearly  parallel  to  each 
other,  both  navigable  for  upwards  of  20  miles,  from 
Erith  to  Denver.  In  draining  the  marshes  the  water 
is  raised  to  the  proper  channel  by  machinery  moved  by 
wiudimlls.  In  some  cases  these  mills  turn  a  kind  of 
pei'petual  screw,  made  of  wood  several  feet  in  diameter, 
mounted  on  a  solid  axle.  This  screw  fits  a  semi- 
circular trough,  inclined  at  an  angle  of  about  30'^  the 
lower  part  of  which  dips  into  the  water  below,  and 
by  its  revolution  discharges  the  water  into  a  reservoir 
above.  In  this  way  the  friction  of  pumps,  and  the 
wearing  out  of  machinery  is  avoided.  The  mills 
require  but  little  attendance,  and  work  night  and  day 
whenever  the  wind  blows. 

Numerous  projects  have  been  adopted  to  complete 
and  secure  the  drainage  of  the  fens ;  and  a  vast  ex- 
pense has  been  incurred,  sometimes  much  greater  than 
the  value  of  the  land  reclaimed.  "  In  Huntingdonshire, 
about  the  latter  end  of  the  last  century,  the  tax  raised 
on  the  land  by  the  conservators,  for  its  drainage,  and 
the  preserving  of  its  embankments,  was  in  some 
instances  so  great,  that  the  farmers  preferred  forfeitiug 
their  land  rather  than  paying  so  exorbitantly  for  its 
preservation.  In  the  present  day  the  art  of  drainage 
is  better  understood  than  when  first  tliis  stupendous 
work  was  imdertaken ;  but  even  now,  in  many  places, 
the  fanner  is  still  liable  to  have  the  produce  of  his 
grounds  carried  away  by  sudden  inundations.  The 
peculiar  situation  of  the  Level  renders  it  the  receiver 
of  the  waters  of  nine  counties,  and,  therefore,  it  is 
difficult  to  provide  a  sufficient  outlet  to  the  sea  by 
which  the  descending  torrent  may  find  a  safe  egress. 
Tlie  great  error  committed  in  the  commencement  of 
the  drainage  was  the  making  numerous  small  cuts 
instead  of  larger  and  deeper  chamiels,  by  which,  with 
the  same  inclination  of  descent,  the  water  would  safely 
pour  into  the  sea,  without  any  risk  of  overflowing 
its  banks;  since  in  a  narrow  and  shallow  channel, 
owiug  to  the  smaller  force  exercised  by  the  lesser  body 
of  water,  the  bottom  must  be  made  at  a  much  greater 
inclination  to  cause  the  free  flowmg  of  the  stream." 
Largo  and  deep  rivers  run  sufficiently  swift  with  a 
fall  of  about  1  foot  per  mile,  or  1  in  5,000.  Smaller 
rivers  and  brooks  requu-e  a  fall  of  2  feet  per  mile,  or 
1  in  2,500.  Small  brooks  hardly  keep  an  open  course 
under  4  feet  per  nule,  or  1  in  1,200,  while  ditches 
and  covered  drains  require  at  least  8  feet  per  mUe,  or 
1  in  600.  Furrows  of  ridges  and  filled  di-ains  require 
much  more. 
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Vfe  now  proceed  to  give  a  few  illustrations  of  the 
art  of  draining,  taking  in  the  first  place  the  example 
of  a  level  district  with  high  land  behind  it.  In 
draining  this  such  an  arrangement  is  made  as  is  shown 
in  Fig.  726,  in  which  ab  is  the  river,  and  CD  the 


high  land,  efg  represent  what  is  called  a  caMi 
jcater  drain,  for  receiving  the  waters  from  the  high 
land.  II I  J,  a  parallel  main  drain  for  the  level  with 
another  mam  di-ain,  I K.  Between  the  main  drains 
the  level  is  intersected  with  minor  drains,  which  have 
a  fall  either  way  towards  the  mains.  The  catch- 
water  drain  is  adapted  to  discharge  directly  into  the 
river ;  or,  by  closed  sluices  at  e  g,  and  an  open  one  at 
p,  its  contents  may  be  directed  into  the  main  level  at 
I,  and  made  to  assist  the  irrigation  of  the  level  in  dry 
seasons.  Sluices  will  be  required  at  e,p,g,h,i,j,  and 
K,  by  the  regulation  of  which  the  water  may  bo  col- 
lected and  disposed  of  as  required.  The  drains 
required  for  such  works  must  be  of  large  size.  Drains 
of  the  sections  shown  in  the  following  figui-cs,  with  a 


fall  of  IS  inches  per  mile,  will  discharge  as  follows  :— 
Fig.  727,  10-feet  drain,  will  discharge  1193.4  cubic 

feet  per  mhiute  Fig.  72=!,  15-fcct  drain,  2,S?0  culiic 


)r  bay,  and  b,  the  natui'al 
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bed.  The  froul  wall  is  formed  so  as  to  resist  the 
action  of  the  waves,  aud  the  internal  slope  of  the 
embaukment  must  be  adapted  to  the  nature  of  the 
materials  of  whiek  it  is  composed. 


The  waters  both  of  the  high  and  of  the  low  lands 
being  thus  discharged  into  the  river,  it  is  of  great 
importance  that  the  channel  of  the  river  be  of  sufficient 
dimensions,  and  of  the  proper  form  to  maintain  an 
active  and  sufficient  current  through  it,  for  which 
purpose  there  must  be  a  direct  course,  and  a  sufficient 
faU  for  the  channel.  "  If  the  direction  be  tortuous, 
the  projecting  banks  will  be  washed  into  the  bed,  and 
impede  the  flow  of  the  current,  and  if  the  bed  be  on 
a  dead  level,  or  have  an  inadequate  inclination,  the 
flow  will  be  sluggish,  and  lend  no  assistance  to  the 
discharge.  Besides  these  conditions,  it  is  necessary 
that  the  outfall  of  the  river  into  the  sea  be  of  ample 
dimensions,  and  unencumbered  with  shoals,  bars,  or 
other  solid  accumulations."  [See  Duedging.]  If  the 
outfall  be  unimpeded,  4  or  5  inches  per  mile  will  be 
a  sufficient  fall,  but  if  the  chamiel  be  obstructed  by 
old  bridges,  bendings,  &c.,  as  much  as  from  12  to  IS 
inches  per  mile  will  be  required. 

As  important  works  of  this  kind,  Mr.  Dempsey 
instances  those  for  improving  the  rivers  Ouse  and 
Nene.  The  chief  defect  in  the  former  existed  above 
the  town  of  Lynn,  where  the  river  turned  almost  at 
right  angles  to  its  general  course,  and  in  a  length  of 
5h  miles  formed  a  semicu-cle  of  only  2 J  miles  in 
diameter.  The  chaimel  was  also  so  irregular  in  width, 
and  encumbered  with  shifting  sands,  that  the  tidal 
and  drainage  waters  were  uiiable  to  force  a  passage, 
and  disastrous  inundations  were  the  result.  In  1724, 
the  proper  remedy  was  proposed,  viz.  by  making  a 
direct  cut,  which  should  intercept  the  bend ;  but  it 
was  not  till  1817  that  an  Act  was  obtained  for  exe- 
cuting this  important  work,  which  was  named  the 
Eau  Brink  Cut.  The  late  Mr.  Rennie  was  the 
engineer.  The  works  were  finished  on  the  19th 
July,  1821,  and  their  effects  have  proved  highly  suc- 
ccssfid :  they  have  lowered  the  low-water  line  in  the 
river  several  feet,  and  have  completed  the  drainage 
of  upwards  of  300,000  acres  of  land.  A  sunilar 
work  was  executed  in  1829  by  Telford  and  Kennie, 
at  the  outfall  of  the  river  Nene,  which  commences 
about  five  miles  below  Wisbeach,  and  terminates 
after  a  length  of  five  miles  in  the  great  estuary  of 
the  Wash.  The  effects  of  this  improvement  have 
been  to  lower  the  low-water  mark  lOj  feet,  and  to 
bring  a  district  of  upwards  of  100,00o" acres,  which 
was  a  st:r  I  ■•.I  !    ii   M,  i:,ti-i  rultivation. 

Coiiin  '  '.  ■  '  !  '  mm;i!jo  of  lowlands  are  the 
opcnili'i,    i,  ;;.  icelaimed  from  the  action 

of  the  bui  li.L  ..llu.  ..li  matters  brought  down  with 
the  drainage  waters  and  thrown  back  by  the  tide,  are 


collected  into  embankments  for  the  purpose  of  re- 
straining the  advance  of  the  waters.  Embankments 
are  also  required  in  districts  which  lie  below  the  level 
of  the  adjacent  river,  or  so  little  above  it  that  the 
beds  of  drains  are  below  the  water-line.  Artificial 
means  ai-e  then  resorted  to  for  discharging  the 
drainage  waters  into  the  receiving  channel  or  river. 
For  example,  in  Fig.  731,  l  represents  the  general 
level  of  the  district,  D  that  of  the  water  in  the  drain 
to  be  discharged,  e  the  top  of  the  embankment,  and 
H  the  high-water  level  outside.     In  order  to  transfer 


the  contents  of  the  drain  d  into  the  main  channel  h, 
such  machinery  is  erected  on  the  embankment  as  wiU 
bring  the  water  up  on  one  side  and  discharge  it  on 
the  other.  The  Dutch,  who  can7  on  tliis  method  of 
draining  extensively  in  their  low  lands,  employ  scoop- 
wheels  worked  by  means  of  windmills,  as  already 
noticed.  Mr.  W.  Fairbairn,  however,  has  contrived 
a  new  form  of  scoop  or  alternating  trough,  adapted 
to  be  worked  by  the  single-acting  Cornish  engine. 
The  bail-scoop  s,  Fig.  732,  turns  on  a  centre  at  c, 
fixed  on  the  embaukment  e  :  the  other  end  of  the 


scoop  is  connected  at  b  by  a  connecting-rod  with  the 
end  of  the  engine-beam  b,  of  which  c  is  the  centre, 
aud  erected  on  suitable  foundations,  f.  l  is  the 
level  of  water  in  the  river,  and  D  the  drain  from 
wliieh  the  water  is  to  be  discharged.  The  engine  is 
of  the  reciprocating  kind,  and  by  raising  a  weight 
suspended  at  the  other  end  of  the  engine-beam  b,  the 
scoop  s  descends,  and  becomes  filled  with  the  drainage 
water  through  the  opening  valves  at  v.  The  weight 
having  been  raised  to  the  height  of  the  stroke,  de- 
scends by  its  own  gravity,  and  raising  the  end  r  of 
the  scoop,  discharges  its  contents  into  the  river  at  l. 
By  shifting  the  connecting-rod  at  the  two  ends  the 
dip  may  be  regulated.  The  scoop  is  made  of  irou 
boiler-plates,  and  is  25  feet  long  and  30  wide,  with 
two  partitions  across  it,  to  strengthen  the  sides  and 
afford  bearings  for  the  valves  at  v.  17  tons  of  water 
can  be  raised  at  each  stroke  by  this  machine,  and  with 


<in  cngiue  of  sixty -horse  power  will  do  a  duty  equal 
to  three  pounds  of  co;il  per  horse  power  per  hour. 

The  application  of  the  steam-cugiue  to  di'aLuage 
is  one  of  the  greatest  improvements  that  have  been 
introduced  into  the  arts.  In  1820,  Mr.  licnnie 
appUed  one  of  Watts's  engines  to  the  working  of  a 
large  scoop-wheel,  for  draining  Bottisham  Fen,  near 
Ely.  Since  that  time,  large  districts  have  been  effec- 
tuaUy  di'ained  by  steam  power.  Such,  for  example, 
as  Deeping  Fen,  near  Spalding  ia  Liacolnshire,  oon- 
t;mung  25,000  acres :  this  was  drained  by  means  of 
two  engines,  of  80  and  60  horse-power.  Littleport 
Fen,  near  Ely,  containing  28,000  acres,  was  di-ained 
by  two  engines,  of  30  and  40  horse-power,  taking 
the  place  of  75  wind-engines  which  were  formerly 
used.  Middle  Fen,  in  Cambridgeshire,  7,000  acres, 
was  dramed  by  one  engine  of  00-horse  power.  Many 
other  examples  could  be  cited. 

"  If  the  drainage  from  the  high  lands  be  discharged 
through  catch-water  drains,  that  from  the  low  levels 
will  consist  of  the  rain-water  only ;  and  as  this  in  the 
fen  districts  on  the  eastern  side  of  England  seldom 
exceeds  the  average  of  26  inches  in  depth  per  annum, 
of  which  a  large  quantity  is  carried  off  by  evapora- 
tion and  absorption,  2  inches  in  depth,  or  1^  cubic 
feet  of  water  on  every  square  yard  of  sm-face,  is  the 
ordinary  maximum  quantity  to  be  lifted  per  month. 
Adopting  the  admitted  standard  of  horse-power,  viz. 
33,000  lbs.  raised  one  foot  per  minute,  and  the  weight 
of  a  cubic  foot  of  water  to  equal  62ilbs.,  or  lOlbs. 
per  gallon,  a  horse's  power  will  raise  330  gallons,  or 
52,8  cubic  feet  of  water  10  feet  higli  per  minute. 
The  total  quantity  to  be  raised  per  acre  per  month, 
viz.  7,260  cubic  feet,  may  thus  be  raised  a  height  of 
10  feet  and  discharged  in  about  2  hours  and  10 
minutes.  Upon  this  calculation,  which  Mr.  Glyn  has 
found  to  be  supported  in  practice,  it  appears  that  a 
steam-engine  of  10-horse  power  wiU  raise  and  throw 
off  the  di-ainage-water  due  to  a  district  of  1,000  acres 
of  fens,  in  each  month,  in  232  hours,  or  less  than  20 
days,  working  12  hours  a-day." 

The  power  of  the  steam-engine  has  been  nowhere 
more  admirably  illustrated  than  in  the  drainage  of 
some  of  those  extensive  fresh-water  lakes,  such  as 
the  Lake  of  Haarlem,  in  Holland,  for  the  purpose  of 
eidtivating  the  site  which  they  occupy.  The  plan 
adopted  by  the  Dutch  government  for  draining  this 
lake  was  that  recommended  by  Messrs.  Gibbs  and 
Dean,  who  proposed  to  employ  three  engines  of  great 
power.  One  of  the  engines  which  has  been  erected 
works  11  pumps  simultaneously  :  the  net  weight  of 
water  lifted  is  81.7  tons,  and  the  discharge,  63  tons 
per  stroke.  By  working  the  11  pumps  without  regard 
to  economy  of  fuel,  it  was  found  that  109  tons 
of  water  could  be  raised  per  stroke  to  the  height  of 
10  feet. 

In  draining  the  lands  of  vaUeys  in  which  natural 

\v;iii  IV .vhl;  ;,  livers,  &c.,  exist,  the  inclination 

i.r  i'  I  is  the  stream  wiU  indicate  the 

nil  il,    \  •■  '  '  1     ^.     If  the  surface  be  compara- 

ti\rl\  li  \(  1,  llir  I,.  ,1^  (if  the  drains  may  be  parallel  or 
nearly  sn  tu  flit-  surface,  and  arranged  to  deliver  iuto 
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one  or  more  main  drains  with  lower  beds,  out  still 
above  the  low-water  level  of  the  receiving  ehamicl. 
If  the  sm-face  undulate,  the  main  di-ains  must  be  laid 
in  the  hollows,  and  the  feeders  be  distributed  over 
the  high  parts  aud  made  to  commumoate  with  uie 
mains.  By  means  of  small  sluices  fixed  at  intervals 
in  the  main  and  minor  drains,  the  water  may  be  made 
to  accumulate  for  the  piu'pose  of  floodiug  or  ii-rigating 
the  higher  lands.  Fig.  733,  is  a  plan,  aud  Fig.  73i 
a  section  of  a  district  so  arranged,  e,  r'  is  the  river 
or  receiving  channel,  dd'  the  principal  main  diaui, 


and  cc',  dd'  two  other  main  drains  deliveimg  into 
it;  each  of  the  mains  receiving  the  diamage  fiom 
the  feeders  or  mmor  di-ains.  The  section  Fig.  733, 
is  supposed  to  be  taken  on  the  hue  s  s'  on  the  plan. 
In  such  arrangements  as  these  it  is  necessary  that  all 
the  junctions  be  curved,  and  that  no  iwo  fredcia 
enter  the  main  drain  at  ojipo  ili  |  I  T'n'i  ^ 
these  precautions  be  attended  tn   i  I 

interrupted  at  those  points,  and  I]  il 

in  wet  seasons.    The  junctions  bli' i  1  i         I  {i  il 

with  a  few  rough  stones  piled  togtthd  in  the  iuim  of 
a  retaining  wall,  or  c\en  concreted  with  lune  and 
gravel. 

When  the  general  inclination  of  the  suifaoe  is 
considerable,  it  may  be  desirable  to  foim  catch-water 
cb-ains,  or  series  of  drains  at  different  elevations  com- 
municating with  each  lower  one  in  succession  by 
means  of  falls.  In  this  way  the  waters  are  under  con- 
trol, and  the  falls  may  even  be  used  as  water  power. 

It  was  formerly  the  custom  to  drain  only  on  very 
wet  and  marshy  soils ;  but  at  the  present  day  it  is 
often  had  recourse  to  with  the  best  effects  on  laiul 
that  externally  appears  dry.  The  fact  is  that  stag- 
nant water  frequently  exists  underneath  the  surface, 
injurmg  the  crops  and  sending  up  reeds,  rushes,  or 
rank  grass  to  betray  its  presence.  Dramage  in  such 
a  case  promotes  healihy  circulation,  and  is  of  the 
highest  importance,  as  will  be  seen  from  the  opinions  of 
the  competent  authorities  quoted  at  the  commence- 
ment of  this  article.  The  simplest  kind  of  drain,  as 
already  noticed,  is  a  mere  cui  or  channel  in  the  siu-- 
face  of  the  ground ;  but  this  is  useful  only  to  carry 
oir  rains  and  siu'face  waters  :  the  more  complete  form 
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of  uniler-grouEd  or  covered  drain  conveys  iwiy  tlie 
sujierabimdant  moisture  from  the  body  of  the  sod 
The  Romans  -were  acquainted  with  both  forms  of 
drain,  and  their  earliest  agricultul^l  wiitings  gi\e 
particular  directions  for  making  them  In  our  own 
country  there  is  no  distinct  mention  of  draining  uiitd 
the  reign  of  William  the  Conqueroi,  when  it  is  stated 
that  a  great  extent  of  country  was  diained  by  the 
kiug's  chamberlain,  the  Lord  ot  Brunne  and  Deeping 
A  book  pubKshed  in  the  reign  of  Heniy  VIII  gives 
minute  directions  for  draining ,  but  the  art  was  im 
perfectly  known  and  practised  untd  the  close  of  the 
last  century,  when  a  new  system  was  mtroduoed  by 
a  practical  farmer  named  Elkington,  and  this  system 
has  been  the  foundation  of  numeions  others  m 
practice  at  the  present  time.  The  first  idea  of  Blk- 
iiigton's  method  is  said  to  have  been  suggested  to 
him  in  the  following  manner :— One  of  his  fields  being 
very  wet,  so  that  sheep  fed  in  it  became  afflicted 
with  the  rot,  he  dug  a  trench  four  or  five  feet  deep 
to  discover  the  cause  of  the  miscliief.  "U'hde  he  was 
examining  this  trench,  a  servant  passed  by  with  a 
crow-bar  for  fixing  sheep-hurdles  in  the  groimd. 
Elkington  took  the  crow-bar  and  plmiged  it  into  the 
bottom  of  (ho  trcndi,  fo  discover,  if  possible,  what 
lay  bciif.itli.  Tl,  I  I  \.  '  >i  i  sank  deep,  and  on  pulling 
it  up,  tn  111  '■  :t  great  quantity  of  water 

welled  up  1  III  ;i  I  ■  which  it  made,  and  flowed 

along  flir  iniiili  Tl  Mi  lie  discovered  that  large 
bodies  of  wal  cr  may  be  pent  up  beneath  the  soil,  and 
may  be  let  off  by  tapping  with  an  auger  or  rod. 
Applying  his  knowledge  of  this  fact  with  great  skill 
and  sagacity,  Elkington  became  famous  for  his  system 
of  drainage,  which  when  compared  with  the  old 
method  was  found  as  much  more  effectual  for  the 
purpose  as  blood-letting  is  more  effectual  on  the 
human  constitution  than  the  local  application  of 
leeches.  By  making  a  few  deep  drains  and  boring  in 
the  most  essential  spots,  he  performed  the  work  much 
more  perfectly  than  he  could  have  done  by  numerous 
conduits  near  the  surface.  Although  not  a  scientific 
man,  he  was  gifted  with  natm'al  shrewdness  and 
powers  of  observation  which  enabled  him  to  detect 
tlie  seat  of  springs,  a  most  difficult  task,  and  to  apply 
the  proper  remedy. 

There  are  three  leading  varieties  of  soil  to  be  con- 
sidered in  drainage,  for  according  to  their  relative 
position  the  mode  adopted  will  vary.  These  are  the 
porous  soil,  the  retentive  soil,  and  the  mh-ed  soil, 
which  partakes  of  the  qualities  of  both.  A  common 
arraug-cmcnt  of  these  is  for  the  porous,  P,  Fig.  735, 


to  lie  immediately  beneath  tlie  surlace,  the  retei 
K,  next,  and  the  mixed,  M,  lowest.     In  this  casi 
drains  must  either  be  made  vrith  regard  to  the  porous 
soil  oidy,  without  interference  with  the  retentive  or 


01  the  mam  drams  must  be  made  completelv 
through  the  clay,  which  will  brmg  the  land  into  a 
much  diier  condition  Boimg  m  the  wettest  places 
may  also  be  resorted  to  In  othei  cases,  where  the 
clay  01  letentive  sod,  ii  Fig  736,   is  uppermost,  and 


the  poious  soil,  p  unaemeath,  it  wdl  be  impeiativo 
to  cut  the  diams  entu  ely  through  the  clay  and  if  the 
porous  soil  be  shadow,  to  cut  them  through  that  also. 
Where  the  clay  bed  is  too  thick  to  be  cut  through, 
numerous  small  drains  must  be  made,  to  free  the  clay 
as  much  as  possible  from  excess  of  moisture.  If  a 
tongue  of  porous  soil,  i,  Fig.  737,  lie  upon  one  of 


clay,  no  dramage  of  the  foi-mer  will  have  any  effect, 
but  a  main  drain,  if  possible,  entirely  through  the  clay 
at  the  pomt  maiked  d,  wdl  be  the  remedy  needed 
If  a  snndar  tongue  extend  under  and  amidst  the 
clay,  as  at  p.  Fig.  738,theie  must  be  not  onlv  a  diam 


through  the  clay  over  the  tongue,  but  another  at  the 
foot  of  the  tongue  also,  as  at  the  points  d  d.  So,  also, 
where  beds  of  gravel  or  other  porous  material  lie  in  the 
midst  of  a  retentive  bed,  two  sets  of  main  drains  will 
be,  in  like  manner,  required. 

Surface  drains  are  sometimes  open,  and  are  propor- 
tioned in  size  to  the  quantity  of  water  they  have  to 
carry  away.  Their  sloping  sides,  however,  occasion 
much  loss  of  soil.  The  simplest  kind  of  covered  drain 
is  a  trench  two  or  three  feet  deep,  filled  with  stones 
and  iTibbish  to  within  a  foot  of  the  surface.  An 
improvement  on  this  is  when  the  stones  are  arranged 
in  such  a  manner  as  to  leave  an  open  conduit  at  the 
bottom.  This  is  still  better  effected  when  a  semi- 
cylindrical  tile  is  placed  on  a  Hat  tile,  and  occupies 
tiie  lowest  part  of  the  drain,  as  in  Fig.  739 ;  or  if 
slate  is  plentiful,  this  will  be  cheaper  than  the  flat 
tUes,  and  will  answer  the  same  purpose,  namely — to 
prevent  the  arched  tile  from  pressing  into  the  soil, 
and  so  becoming  useless.     Another  form  of  conduit 


ilraiiiing  are, 
i  be  operated 


nloug  the  drain.     Similar  wells  arc  sometimes  formed 

for  the  opposite  pui-posc  of  C'lnvcviiig  the  water  from 

suifice  draius  tbrniiL'i    i  i^     i> 

poious  one  beneailu      i  : 

indeed  almost  eiuU'  -   ,   : 

uponshoiddbe  chibclv    !ii.i:i ;!  i.  i- 

of  woikmg  be  decided  on.     Siirf;irc  drai 

placed  lower  than  the  plough  will  peuetr; 

will  be  constantly  liable  to  disturbauce.   Ii 

diains  must  be  open,  for  covered  ones  are  so 

mef&eient  by  the  roots  of  trees  penetrating ; 

them      The  dimensions  and  disti 


1  d  dra 


diams  aie 
httci  whicl 
the  bunch 
cjhnducal 


those   of    the     I 
See  Tig  741       Vt  i 

distances  wlicie  bi  i  eh 
■  the  mam  a  tile  is  used  foi  the 
1  opcnin"'  in  its  side  into  which 
,  exactly  Iitted  Diamtdcs  of  a 
ot  ifoimendncm    that  of  a    ole 


^  gimst     by    a 

sort  of  collar  coveun"  the  ]  mt  sometimes  by  making 
the  ends  of  the  cylinders  lobed  or  waved  so  as  to  fit 
into  each  other.     See  Tig.  742. 

In  deep  draining  the  processes  already  noticed  are 
performed  on  a  larger  scale.  The  conduit  at  the 
bottom  is  built  securely  by  a  person  who  understands 
the  construction  of  dry  stone  walls,  and  the  drain  is 
filled  up  with  stones,  havmg  a  layer  of  tui-f,  coarse 
grass,  or  dry  leaves  over  them,  before  the  soil  is 
covered  in.  Boring  is  frequently  resorted  to,  and 
a  common  auger,  a  sharp  pyramidal  punch,  and  a 
chisel  or  jumper  are  all  required.  [See  Boeing.]  The 
three  leading  points  in  deep  draining  in  which 
Elkington's  peeuliai  skill  became  remarkable  were, 
first,  finding  out  the  mam  spring,  or  cause  of  the 
mischief;  secondly,  takmg  the  level  of  that  spring, 
and  ascertainmg  its  subteiianeous  bearings ;  and, 
thirdly,  makmg  use  of  tlie  augei  to  reach  or  tap  the 
spring,  when  the  depth  nf  the  drain  was  not  found 
sulEcicnt  to  answei  1  '^'   'I  -f  t  ^^  i;!-ir 

kind  to  his  is  requu    1  '        '  'ih 

good  effect,  otherwi  i '  d 

to  little  purpose      Th   1  I  'In  -    ii     <»   c     use, 

only  available  where  the  spim^'  is  fed  fmui  a  higher 
level,  so  that  the  pressuie  may  force  the  water  up 
through  the  auger  hole  Sometimes,  as  a  substitute 
for  the  auger-hole,  a  well  is  formed  and  filled  up  with 
loose  stones,  through  which  the  water  rises  and  p 
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DREDGING,  ;iu  opciatiou  for  looseiiing  and  lifting 
!,hc  mud,  gravel,  sand,  clay,  stones,  &c.,  wliich  are 
deposited,  or  may  have  formed  the  original  stratum 
of  the  bed  of  canals,  rivers,  docks,  harbours,  &c. 

"  If  the  universal  tendency  to  waste  and  decay  in 
the  higher  lands,  from  the  agency  of  moisture,  heat 
and  frost,  be  considered,  we  shall  find  that  every  rUl 
of  water  must  carry  along  with  it  a  portion  of  sepa- 
rated matter.  These  rivulets  being  so  many  tributary 
streams  to  the  great  rivers,  which  form  the  di-ainage 
of  vast  tracts  of  country,  we  need  not  be  surprised  to 
find  that  the  beds  and  embouchures  of  the  Scheldt, 
the  Mcnse,  the  Rhine,  and  the  Elbe,  or  of  the  Thames, 
the  Humber,  the  Tay,  and  other  ovrnf  ^Ii^1l♦nr:r^  to 
the  German  Ocean,  should  in-  \  i  -  i  1  ':  \  i;|- ; 
and  that  even  this  great  basin  i       ,   ,'  '         '     ii 


e  cilVc 


I,  _    !    !    ,  we  ascribe  the  existence  of  the 

;i  ,  i:  .  the  Yarmouth  Sands,  the  Flemish 
r,.,!!!.;,  ;„iil  r\riL  ilir  great  platfonns  of  Holland,  and 
the  opposite  jilaucs  of  the  Feus  of  Lincoln.  There 
is  also  a  marked  difi'erence  to  be  noticed  in  the  sepa- 
ration and  distribution  of  these  matters  of  deposition. 
In  those  rivers  which  flow  with  a  very  gentle  current 
toward  the  sea,  fine  silt,  or  what  is  sometimes 
termed  ouse,  is  produced;  while  rivers  of  greater 
fall,  and  consequently  of  more  velocity,  cany  for- 
ward the  grosser  particles  proportionally  further  from 
their  embouchures.  Another  circumstance  which  de- 
serves our  notice  is  the  greater  speciflo  gravity  of 
salt-water  than  fresh,  which  preserves  their  course  in 
d  tnct  filus  the  salt  vatei  imler  tie  f  c^^l  The 
salt  ate  thus  flows  up  the  co  scs  of  the  cs]  ect  t, 
1  veis  to  an  extent  co  rcspo  1  g  to  the  fall  of  tl  ei 
beds  an  1  tl  e  n^e  of  tl  e  t  de  A  cons  lei  ible  poit  on 
of  tl  e  heavier  i  atte  i  as  "■  avel  and  sand  a  e  a 
icsl   I  ui  the     p  ogiess  sea  lar  1  when  tl  e  c  ue  t   s 


1 


i    ' 


tie  to         1         111  1        11     1  t      Ih    c     Is 

an  Is    uo   ties  aie  also  sd  ted  ui   ai  1  too  often  leilci 

tl  e   CO     ect    "-la  boms   and    sh  pj  ng    places    so 

11  1         f  t  foi  the  p  I  poses  of  float    g 

I    s  cl  a  deg  ee  has  th  s  been  ex 

I  t  at  0  s  as  foi  e\a   pie  Sa  d 

1  1  b  ancient  sea  port  is  left       ost 

I  1         mland  town    whil    other  j  oi  ts 

!     c  1     u     0  e  0   less  kter  o  atcd 

Tie       10  b       tholbotd     Ig  ug  may  be  ai  ranged 
lot    nget   1  tlenitiialanltleatfical  tie 

fo  ol  co         b    ng  irefcuelwheie  c   cu    stances 

ai  t  of  t  The  „  eat  natu  al  agent  m  1  ed^  g  are 
tied  u  e  -n  t  s  of  tl  e  connect  g  d  t  et  u  1 
tl  c  flow  of  t  1  1  tc  s  tl  e  fo  e  1  ei  '^  judic  o  sly 
lllcl  tl     1  tt  1  I  eser  cl   n  t  U     nd  a    j  le 

flo  I  c  lie  t  Mont  ae  m  Foifa  shue 
so   e  of  tl     \  ui      tois  have  f  o     t     e  to  t  ue  p  o 


posed  to  make  firm  ground  of  the  great  natural  basin 
connected  with  the  harbour  of  that  port.  This  basin 
is  flooded  every  tide  to  V.i,-  .  !r!,l  c  f  ,il,-,ui  5 
square  miles,  and  is  cstim.ii:  '    ,  ,  ling 

tides,  to  contain  about  55,On(i.  .    i  .  ;   ,  ir>K  of 

the  backwaters  of  the  tid.\  w'.ir'i  |.!.  ;ii_'  |  times 
in  the  24  hours  tlrrough  this  harbour,  pniJuccd  so 
powerful  a  current,  that  the  sluftuig  sand-bank  at 
the  entrance,  caUcd  the  J/iiiet,  is  prevented  from  being 
thrown  across  the  mouth  of  it  in  gales  of  easterly 
wind.  In  this  state  of  weather,  the  Aimet-hank  has 
a  contmual  tendency  westward,  wlulc  the  back-waters 
of  this  great  natural  basin  cheek  its  progress,  and 
not  only  keep  the  navigation  open,  but  are  sufficient 
to  preserve  a  considerable  depth  ia  it  during  the 
lowest  tides. 

Such  powerful  and  valuable  means  of  keeping  open 
ports  and  harboui-s  are  often  entirely  destroyed  by 
the  desire  of  acquiring  land,  which  leads  to  the 
erection  of  embankments,  whereby  the  back  waters 
arisiug  from  the  flow  of  the  tide  are  shut  out.  The 
importance,  however,  of  such  means  has  long  been 
recognised  by  engineers,  who  in  their  designs  of  tide- 
harbours  often  introduce  scouring  basins,  as  at 
Ramsgate,  Dover,  &c.  At  the  latter  place  this  plan 
is  so  successful  that  the  entrance  to  the  harbour, 
which  has  been  quite  shut  up,  has  been  cleared,  and 
rendered  accessible  to  packets  in  the  course  of  a  few 
hours.  In  some  ca.«;es  drainage- water  has  been  kept 
back  by  gates,  and  used  as  a  back-water  to  scour 
and  keep  open  the  entrance  of  harbours  on  our 
eastern  coast,  which  are  very  Hahle  to  be  choked  up 
1 1  btoin  y  vcatl  er  from  the  act  on  of  the  sea  upon 
the  sa  1  ba  ks  w  1  oh  enou  bei  tl  c  coast  In  exten 
s  e  plan's  of  lock  c  ade  of  a  sy  stem  of  slmces 
fo   sen  1  ay  the  mu  1 

D     1  ub  see    s  to  have  been 

f  bt  ]  I        1  for  cleaimg  the  bais  or 

c  t    n  I  ul  11     c      Is 


,  ell  ct    1 


f    1 


fa   e  ai  I  be  ug  f  stcned  to  a  1     ^c  pi      d   n  tl  e 

1    e  of  the  sluices  the  w  hole  w  as  i   polled  f    ^    d 

by  the  c  r  cut   thcieby  scourmg  the  bed      Sucl    a 

acl  ue  called  a  leljelog  is  still  used  m  Lmcoln 

0  e  of  the  eaihest  diedgmg  machmes  en  ployed 
in  Brit        c         I   1  uf     1      c  il  fc    f  1  out  1 

feet  1  11  1  1  r 

elge      1 

plaik  I 

ject  u^  1  1    1  la 

bai  ot  u  u      un  I    1   tl     oil  1      f  tie 

wool  and  keit  the  stietched  Tie  i  achmc  vas 
so  eth  ig  hke  a  box  witho  t  toj  or  botton  18 
1  ches  deej  at  one  end  anl  10  ucl  es  at  the  otl  er 
r  0  the  two  extreme  po  nts  of  tl  e  woo  1  s  fixed  a 
cl  am  for  attaehu  g  tl  e  {  nc  pal  wo  k  g  oj  e  or 
ch  m  By  draw  ng  th  s  acl  ine  aero  s  tl  c  by 
u     ub  of     cai  bt  u  01  w  udl    s    t  becoi    s  f  11  d  and 


leu  shovel  out  the  '^fud  on  the  haul  The 
ion  ot  thib  michmL  is,  blow  md  ttdiou<;,  and  it 
oiu  used  ctcept  m  le\  eUiug  iound  itions  undei 
when  the  mateiial  ib  soft  but  by  loimnig  the 
01  the  diedge  of  cimed  bus  ol  uon,  giavel 

W     IvMoh  weie 

1  --,  and  ob 

I  I  I  ;  nts,  &c  by 

1  Ui^,  ^  ,  J  i       J     u  lb  a  luig  oi 

IjL  null  ^   Ltt  wide  and  2  ket  i  inches  deep, 

ui  d  and  siceled  on  the  under  side  toi  about 

ud  uf  its  ciiouiafticnce,  and  pieiced  on  the 

.  with  huleo  lui  the  licmgb  of  the  big 
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On  the  ufpei  side  a  ho-ie  is  ■neldtd  foi  rcceuin"  the 
pole  01  hmdle,  and  fiom  eich  side  about  lialiu  ly  up 
the  spoon  is  fastened  a  chain  2^  feet  long  'Ihese 
chams  meet  in  a  sm  dl  img  m  the  middle  The  bag 
is  usually  of  leathei,  tapeimg  to  the  depth  of  about 
3;  feet  It  lb  1  iced  to  the  spoon  with  le  ithei  thongs, 
and  pcifoiated  to  allow  the  watei  to  eboape  The 
spoon  is  woiked  fioni  the  deck  of  a  flit  baige  or 
lightei,  mounted  with  a  small  piojectuig  eiaue  work 
A  lail  lb  albo  pi  lecd  to  asbibt  the  spoon  holdei  A 
snatch  block  is  also  used  at  the  end  ot  the  bait;e 
aw  ly  lioin  the  ciane  It  is  fixed  at  the  cud  of  the 
biigc,  and  the  lopc  )nssmg  through  it  lb  ittached  to 
the  boltum  of  the  b  i„ 


The  woikmgrope  bcmg  fistentd  to  the  chain  of 
the  spoon,  and  the  otliei  end  to  the  ban  el  of  the 
ci  me,  the  man  who  is  stationed  at  the  handle  oi  pole 
tumbles  the  spoon  into  the  water  The  man  at  the 
ciuie  thiows  it  out  of  geai,  -nhin  the  third  man 
bcizcb  the  small  rope,  which  ib  ue\ed  thiongh  the 
snatch  block,  and  f  istencd  to  the  bottom  ot  the  bag, 
with  which  he  luub  along  the  gunw  lie  and  pievents 
the  spoon  and  bag  fiom  smkmg  untd  it  gets  near  the 
other  end  of  tie  baige,  when  the  man  at  the  pole 
turns  it  up,  mclmmg  the  pole  head  tow  aula  the  ciane- 
end  of  the  baige,  takes  a  turn  with  a  smaR  rope 
lound  the  pole  and  rad,  which  keeps  the  spoon 
diedgmg  along  in  its  piopor  position  while  the  man 
at  the  ciane  ch  l^  s  alon^  the  spoon  until  it  is  nnilv 
under  the  ciaue,  -nlieu  the  man  at  the  po'c  mclineb  it 


backwaids,  and  the  contents,  now  deposited  m  the 
bag  aie  hoisted  up  and  emptied  into  the  baige 

tendency, 


As  all  11 
gicitei  or  less  to  f 
in  a  eommcicnl  r  1  nig 

machines  of  gu  ii  i  '-iicli 

a  machine  is  sh  \   i     i    I  i  II       I        ,  1  >   is 

an  elcvition  and  ji  iili  d  b(  ction  of  the  m  irliiiie  show 
mg  the  steam  engine,  and  wheel  woik  witlun  the 
vessel  JPig  Zii  IS  a  horizontal  plan  Tbs  machine, 
-nluch  IS  elected  m  the  hulk  oi  m  i  1 1  si  >  p  Ii  is  two 
chains  of  buckets,  one  on  r  1  li      I         i  1    but 

oidyone  of  them  is  shown  ml  I  \  llf  ss 

chains  re\  oh  e  cm  oUeis  ]1  ntus 

of  stiong  irames  of  timbci  i  i  «  1  i  i  u  m  1  1  dl  on 
a  centre  at  then  upnci  cniK,  then  weight  Ikuij:  sui 
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pcndcd  by  pulleys  p  p,  which  being  lowered  down, 
allow  tlie  buckets  b  b,  attached  to  the  chain  e  c,  to 
reach  the  bottom,  b  b  are  two  beams  projecting  a 
short  distance  from  the  sides  of  the  vessel  at  the 
stem,  upon  wliich  ai-e  mounted  two  triangular  frames 
T  T,  for  sustaining  a  strong  timber  c,  extended  across 
tlie  vessel :  these  with  their  cross  timbers  x  x  form 
a  frame,  whicli  supports  aU  the  machinery  above 
deck.  The  beam  c  is  as  long  as  the  whole  width  of 
the  machine,  and  at  each  end  of  it  is  a  cast-iron 
bracket  d  d,  hanging  downwards,  for  supporting  the 
upper  end  of  the  bucket  frames  f  j,  and  also  the 
centres  for  the  chain-barrels  over  which  the  endless 
cliains  revolve  by  the  motion  of  the  machine.  The 
bucket  frames  f  f  are  each  composed  of  4  long  tim- 
bers, bolted  together,  and  braced  by  diagonal  stays 
s  s.  The  pnUeys  p  p,  suspending  the  lower  end  of  the 
chain  frames,  hang  from  the  beam  tj  u,  which  extends 
across  the  vessel,  supported  on  the  top  of  vertical 
posts  erected  on  the  deck.  The  upper  end  of  each 
of  the  chain  frames  f  f  has  2  stout  iron  semicircles  i  i 
bolted  to  the  timbers  and  terminating  in  rings  or  eyes 
fitted  over  two  tubes  or  hollow  iron  centre-pins,  one 
supported  by  the  bracket  d,  the  other  by  the  frame  t. 
On  these  pins,  the  frame  hangs  as  upon  a  centre  at  o, 
and  cau  be  raised  or  lowered  at  pleasui'e.  The  upper 
roUerforthe  endlesschainisasquare  barrel,  and  revolves 
upon  the  same  centre  o,  and  a  similar  square  b;irrcl  of 
tlie  same  dimensions  is  placed  in  bearings  at  the  • 
lower  end  of  the  bucket  frames  q:  the  double  endless 
chain  c  c  passes  round  both  these  barrels,  and  eveiy 
other  link  of  these  two  ohaius  carries  one  of  the 
buckets  h.  Each  bucket  is  made  of  plate-iron,  and 
is  pierced  full  of  holes,  to  allow  the  water  to  drain 
out  of  the  gravel,  as  they  come  np  :  the  mouth  is 
semicircular,  which  renders  it  less  liable  to  stick  fast 
in  the  ground,  than  if  it  was  square.  A  number  of 
iron-rollers  r  r,  are  placed  on  the  inside  of  the  beams 
of  the  chain  frame,  to  support  the  weight  of  the 
chains  and  buckets,  as  they  pass  up.  The  upper 
chain  baiTcls  for  the  frames  on  both  sides  of  the  ves- 
sel, are  in  a  line  with  each  other,  and  both  receive 
their  motion  from  the  steam-engine  which  is  situated 
tu  the  hold,  a  is  the  boUer  set  iu  brick-work,  with 
the  fire  beneath  it,  and  a  wrought-ii-ou  tube  t,  earned 
up  to  the  proper  height,  is  the  chimney :  e  is  the 
steam-pipe  communicating  from  the  boiler  to  the  en- 
gine :  p  is  the  cylinder,  l  the  working  beam  or  great 
lever,  the  centre  of  which  is  supported  by  4  iron 
columns  K  K.  The  cormecting  rod  k  of  the  engine  is 
jointed  to  the  extremity  of  the  beam  l,  at  the  top, 
and  at  the  other  end  to  the  crank  on  the  extremity 
of  the  shaft  o.  The  fiy-whe.-'l  w  of  the  engine  is 
tm-ned  by  the  large  spare-wheel  s,  fixed  upon  the 
shaft  o,  acting  in  a  pinion  on  the  axis  of  the  fly-wheel. 
The  motion  is  conveyed  from  the  engine  to  the  chain 
barrels,  by  an  inclined  shaft  T,  the  lower  end  of  wliich 
has  a  bevelled  wheel  m,  receiving  motion  from  the 
wheel  n,  fixed  on  the  main  shaft  of  the  engine.  At 
the  upper  end  of  the  same  inclined  shaft  is  a  bevelled 
wheel  V,  working  another,  v',  fixed  upon  a  shaft,  situ-  { 
iited  in  a  line  with  the  centre  of  the  two  chain  baiTcls. 


At  the  two  extremities  of  this  shaft,  two  cu'cular  iron 
plates  or  wheels  are  fi.xed  at  w  w :  these  are  received 
into  boxes  or  Hollow  wheels  attached  to  the  extremities 
of  two  other  shafts  placed  in  a  Kne  with  the  former,  and 
leading  to  the  chain  barrels.  These  boxes  and  wheels 
form  a  connexion  between  the  several  parts  of  the 
shaft,  and  by  the  friction  of  the  wheels,  which  are 
accurately  fitted  to  the  boxes,  a  sufficient  power  is 
communicated  to  turn  the  chain  barrels  round,  and 
bring  up  the  gravel ;  but  should  the  buckets  take  too 
deep  a  hold  in  the  ground,  these  boxes  will  slip,  and 
thus  prevent  the  chain  from  being  broken.  II  are 
levers  which  operate  on  coupling  boxes  on  the  main 
horizontal  shaft,  and  give  the  means  of  disuniting 
either  of  the  chain-barrels  at  pleasui-e,  while  the  other 
continues  at  work.  The  blocks  of  the  pulleys  p  p, 
which  suspend  the  great  bucket  frames,  are  'reeved 
with  a  chain,  the  fall  of  which  passes  tlirough  the 
match-block  s,  fixed  down  upon  the  deck,  and  then 
winds  round  the  roUer  /.  This  is  tui-ned  by  the 
engine,  its  axis  having  a  worm-wheel  t  fixed  upon  it, 
turned  by  the  worm  v,  and  shown  on  a  larger  scale 
in  Fig.  7i5.  This  worm  is  formed  upon  the  inclined 
spindle  i,  but  is  represented  here  to  avoid  confusion. 


The  vessel  containing  this  macliiue  is  moored  in 
the  stream  by  the  head  or  stern,  or  both  if  it  be 
requii-ed  to  work  across  the  stream.  The  engine 
being  put  in  motion,  the  chain  frames  are  lowered 
down  by  giving  out  the  chams  of  the  pulleys  pp, 
until  the  buckets  drag  sufficiently  upon  the  bottom 
to  become  filled  with  baUast  in  their  passage,  and 
come  up  along  the  top  of  the  frames  by  the  motion  of 
the  chains,  till  they  turn  over  the  upper  chain  barrels 
and  discharge  their  contents  into  large  hoppers  or 
troughs,  suspended  by  ropes  from  the  beams  i  t  and 
0,  and  being  placed  somewhat  iacKned,  the  troughs 
conduct  the  gravel  into  barges  moored  beneath.  The 
motion  of  each  chain  is  managed  by  one  man,  who 
stands  near  the  end  of  a  long  lever  which  supports 
the  pivots  of  the  worm-wheel  /,  so  that  by  moving 
the  end  of  this  lever,  the  wheel  can  be  disrncrnfrrd 
from  the  worm  to  give  it  motion  or  ?■  <  '  ' 
There  is  also  a  gripe  or  brake  wheel,  nm  ' 
figures,  fixed  upon  the  spindle  of  the 
prevent  the  roller  running  back  by  the  v  . 
chain  frames  when  the  wheel  t  is  dispiicag-eJ  fiom 
the  worm.  The  wheel  t  is  attached  to  its  spindle  by 
friction  only,  so  that  it  can  slip  if  overstrained  without 
breaking  the  teeth ;  but  it  is  furnished  with  adjusting 
screws,  Kg.  745,  to  give  sufficient  friction  to  raise 
the  required  load  without  slipping. 

By  means  of  the  levers  the  attendant  can  cause 
the  buckets  to  go  as  deep  as  may  be  dciirable  and 


as  f.hey  deepen  the  cliaiincl  lie  gradually  raises  the 
gripe-lever,  which  allows  the  frame  to  descend  lower 
down :  but  if  the  buckets  meet  with  an  obstacle,  or 
take  such  deep  hold  as  to  stick  fast,  he  engages  the 
■wheel  i  with  the  worm  by  means  of  the  lever,  and 
this  winds  up  the  chain  of  the  pulleys  pp,  till  the 
end  of  the  frame  is  mi  iil  -iMVirirnily  high  from  the 
bottom  to  diseiigi-'   :       '  i 'h  then  resume 

their  motion,  ami  v  ■■  '    •   :     ii|(u  immediately 

cast  off  from  the  «<  /m,  li>  >  .  i  r  n  is  not  necessary 
to  raise  the  frame  higher :  by  relieving  the  brake- 
lever  it  can  be  again  lowered  to  reach  the  bottom. 
There  are  two  other  roDers  similar  to  t,  placed  just 
above  the  deck,  and  kept  in  slow  motion  by  the 
engine  for  the  purpose  of  advancing  the  engine  along 
in  the  water.  A  strong  rope  attached  to  a  mooring 
block  or  anchor  placed  at  some  distance  up  the  stream, 
is  passed  round  (In  i-,li  i-:  :i  m  im  h.iUls  on  the  end 
of  the  rope  as  in  a  .    ,  .  ■  ■'•      i  h  c  whole  engine 

is  slowly  brought  uy  •  ; '  •  i  .  i  ■  1  is  dredged  and 
advanced  to  operate  un  :t  t^  ;!i  i-itioii  of  the  bed. 
The  above  machine  working  at  a  moderate  depth 
with  an  engine  of  16-horse  power,  will  bring  up 
enough  in  an  hour  to  load  two  barges  of  35  tons  each. 
The  bucket  frame  works  best  at  an  angle  of  about 
45° ;  machines  of  this  kind  may  be  used  for  bringing 
up  sand,  mud,  clay,  gravel,  and  even  stones  of  con- 
siderable size. 

luthe  Humber  Dock  at  Hull,  the  quantity  of  nuul 
annually  deposited  is  said  to  have  amounted  to 
30,000  tons.  By  means  of  a  di-edging  maehiue  with 
29  buckets,  as  much  as  60  tons  per  hour  can  be  : 
raised.  An  engine  man  and  three  assistants  are  re-  ' 
quired  to  manage  this  machine,  and  two  others  to 
attend  the  lighters.  There  are  12  boats  of  500  tons 
each  employed,  and  the  ordinary  work  performed  is 
about  45  tons  per  hour.  j 

DRILLING.  In  metal  works  it  is  frequently  ' 
necessary  to  drUl  holes  of  various  sizes,  and  with 
a  greater  or  less  degree  of  accui-acy.  The  methods 
of  drilling  are  very  numerous,  as  are  the  forms  and  I 
sizes  of  di-ills  used  for  the  purpose.  Drills  for 
piercing  metal  are  not,  however,  so  varied  in  form  as 
those  used  for  piercing  wood,  [See  Auger;]  they 
are  mostly  pointed,  and  first  make  conical  holes,  so 
that  while  the  point  of  the  drill  pursues  the  original 
line,  it  at  length  produces  a.(\iii  livi]  Imlr.  liiiils 
used  with  the  drill-bow  do  noi  ,      , 

J  inch  in  diameter:   the  cil'.-  i     ,■   ■.  ■ :  \        n 

when  moved  in  cither  direct  i^ii  !■,  tl.r  n.  ii  :.,,;, i_r 
motion  of  the  drill-bow,  their  cutting  edgrs  being 
situated  on  the  line  of  the  axis,  and  chamfered  on 
each  side ;  hence  they  cut  or  scrape  equally  well  in 
both  directions  of  motion.  Fig.  74G,  is  the  ordinary 
double-cutting  drill,  in  which  the  two  facets  foi-ming 
each  edge  meet  at  an  angle  of  about  50°  to  70°  and 
the  two  edges  forming  the  point,  meet  at  about  S0° 
to  100°.  The  watchmakers,  Ii. .«<■.,-,  -.nrtimcs 
make  the  end  of  tliis  drill  ;r.  ,,.  ;|,.  „f 

about  120°,  the  object  bein-  i     .  ■     i,     |,ni,a 

from  protruding  through  thill  v.-  ;  !  ,  ':  1„  ',,,■,.  ||,(, 
completion  of  the  hole.     Fig.  717,  is  a  drill  with  Iw^o 


.iJNCi  52,3 

circular  chamfers;  this  bores  cast-iron,  and  even 
wrought-iron  and  steel,  more  rapidly  than  any  other 
reciprocating  drill,  but  a  hole  must  be  first  made  for 
it  with  a  pointed  drill.     Fig.  74S,  is  the  flat-ended 
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Fig.  HI.        Fig.liZ.  Fig.UO. 

drill  used  for  flattening  the  bottoms  of  holes.  Fig. 
749,  is  a  square  countersink  drill  used  for  inlaying 
the  heads  of  screws:  it  is  made  cylindrical,  and 
pierced  for  the  im  hi  m,  <  f  ,i  n.ill  central  pin,  and 
afterwards  sluii  I"       '  ■  ,     .  1-c  as  in  the  figure. 

The  pin  may  In-  .  ,,;,,i  .  >i  ;.,  |,,,i,n;-  circular  collars 
fitted  on  it,  or  sueii  cll.us  may  be  fitted  on  the 
larger  part  to  seiTe  as  a  stop  in  itdaying.  The 
cutler's  duplex  expanding  drill.  Fig.  750,  is  described 
under  Cutlery. 

Drills  which  cut  only  in  one  direction  are  shown 
in  the  following  figures.  Fig.  751,  is  the  common 
single-cutting  drill  for  the  driU-bow,  brace,  and  lathe. 


The  point  is  nearly  a  rectangle  formed  by  only  twi 

facets,  which  meet  the  sides  at  about  80°  to  85°,  am 

therefore  lie  nearly  ii 

the  hole  operated  or 

formed  in  this  way. 

horn,  and  substiinr, 

chamfers  are  r.ii  .  ; 

around  the  edq-e  lii  in 

the  drill  can  cii!  : 


sary  to  drdl  the  holes  at  once  to  their  fuU  sizes,  as 
otherwise  the  thin  edges  of  these  tools  slick  abruptly 
into  the  met.il,  and  are  liable  to  prodiier  jagi^cd  and 
gi-oovy        ^ 


holes : 


■  ehai 


fered  drills,  it  is  desirable  to  make,  hirge  holes  by  a 
series  of_ two  or  more  drills;  "first,  the  rim  of  the 
drill  is  in  a  measure  proportioned  to  its  diameter, 
therefore  the  small  tool  departs  less  from  its  intended 
path,  and  a  central  hole  once  obtained,  it  is  followed 
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vrith  very  little  after  risk  by  the  single  cutting-drill, 
wLich  is  less  penetrative.  Tliis  mode  likewise  throws 
out  of  action  the  less  favourable  part  of  the  di-iU 
near  the  point,  and  which  in  large  drills  is  necessaiily 
thick  and  obtuse  :  the  subdivision  of  the  work  enables 
a  comparatively  small  power  to  be  used  for  drilHng 
large  lioles,  and  also  presents  the  choice  of  the 
velocity  best  suited  to  each  progressive  diameter 
operated  upon." '  Where  sufBoient  power  can  be  ob- 
tained, it  is  desirable  to  enlarge  the  holes  previously 
;iiade  with  the  ])oiutcd  drills  by  some  kind  of  pin- 
drill,  such  as  Fig.  753,  in  which  the  guide  principle 
is  employed  very  perfectly.  Such  a  drill  as  tliis  is 
used  for  cutting  out  large  holes  iu  cast-iron  and  other 
plates :  the  narrow  cutter  removes  a  ring  of  metal. 


u^S- 


than  cuttmg  the  whole  into 
?  the  ordinary  pin-drill  used 
s  for  the  heads  of  screw  bolts 
surface.  When  this  di-iU  is 
the  form  of  one  of  the 


The  drills  are  assisted  by  some  lubricating  fluid, 
such  as  oil  for  most  metals,  or,  for  greater  economy, 
soap  and  water ;  milk  is  used  for  copper,  gold,  and 
silver;  l)nt  cast-iron  and  brass  are  usually  diiUed 
without  lubrication.  Common  pointed  steel  drills 
are  commouly  used  for  the  above  metals  and  for  alloys 
of  similar  degrees  of  hardness ;  but  for  lead  and  very 
soft  alloys,  carpenters'  spoon  bits  and  nose  bits  [See 
Adger]  are  commonly  used  with  water.  For  hard- 
ened steel  and  hard  crystalline  substances,  copper  or 
soft  iron  di-iUs  supplied  with  emery  powder  and  oil 
are  used ;  or  diamond  drill  points  [See  Caiuson,  Fig. 
465,]  are  used  for  hardened  steel  with  oil  alone.  For 
various  forms  of  tools  used  for  mineral  substances, 

Tlic  drill  used  in  watch  work  is  the  smallest :  it  is 
made  of  a  piece  of  steel  wire  tapered  off  at  one  end, 
flattened  with  the  hanuner  and  filed  up  in  the  form 
shown  in  Fig.  755  ;  it  is  then  hardened  by  heating  it 
in  the  flame  of  a  candle,  and  coohng  it  by  plungmg 
it  into  the  tallow.  The  reverse  end  is  made  into  a 
couieal  point  and  hardened :  a  sm<all  brass  sheave  is 
attached  near  this  end  for  the  Ime  of  the  drill  bow 
which  may  be  a  fine  horse-hair  stretched  by  a  piece  of 
wtialeboue.  Fig.  753  is  the  watchmaker's  drill 
large  scale.     As  the  drills  mcrease  iu  size  the 


(1)  H 


;reased  also :  the  bow  may  be  formed  of  the  halt 

of  a  solid  cane  about  1  inch  in  diameter  at  the  larger 
end,  aud  30  inches  long,  or  it  may  be  made  of  steel 


-« 


with  a  hook  at  the  end  for  the  knot  or  loop  of  the  cord, 
and  a  ferrule  or  a  ratchet,  round  which  the  spare  cord 
is  wound.  The  breast-plate  used  for  the  short  end 
of  the  drill  is  sho\vn  in  Cutlery,  Fig.  707. 

To  prevent  a  constant  repetition  of  the  shaft  and 
pulley,  holders,  or  clrill-stocJcs,  are  often  used,  a  simple 
foi-m  of  which  is  shown  in  Fig.  756  :  it  has  the  centre 
aud  pulley  of  the  common  drill,  but  the  ooposite  end 


Fig.  736. 

is  pierced  with  a  hole,  at  the  inner  extremity  of  which 
is  a  notch :  the  shank  of  the  drill  is  made  cylindrical, 
and  a  short  portion  is  nicked  down  so  as  to  slide  into 
the  gap  in  the  drill  stock,  by  which  the  drill  is  pre- 
vented from  revolving  in  the  stock. 

Tlie  dnlVmy-lathe  is  a  miniature  lathe-head,  the  frame 
of  which  is  fixed  in  the  table  vice ;  the  mandrel  is 
pierced  for  the  drills,  and  has  a  pulley  for  the  bow, 
as  in  Kg.  756,  except  that  it  is  used  as  a  fixture. 
Fig.  757  is  a  common  form  of  drill  stock,  in  which 
the  revolving  spindle  is  fitted  iu  a  handle,  so  that  it 


may  be  held  in  any  position  without  the  use  of  a  breast- 
plate ;  the  handle  is  hollowed  out  for  receiving  the 
chills,  aud  is  fluted  to  aUow  it  to  be  held  fii-mly. 

The  milKs  press-drill  is  shown  in  Fig.  758.     It 
consists  of  two  pairs  of  wooden  standards,  between 


which  works  the  beam  a 4;  the  piu  near  a  is  placed 
at  any  height,  but  the  weight  w  remains  constant,  the 
pressure  bemg  regulated  by  the  distance  of  the  brace 
from  the  fulcrum  a,  and  this  part  of  the  beam  has  an 
iron  plate  full  of  small  centre  holes  for  the  brace. 
The  weight  is  raised  by  the  second  lever  c  d,  the  two 
being  muted  by  a  chain,  and  a  chain  or  rope  is  also 
suspended  from  (^within  reach  of  one  or  two  men  who 
move  the  brace.     When  the  drill  is  nearly  through 


the  hole,  the  weight  must  be  relieved,  or  it  may  sud- 
denly break  through.  The  defects  of  this  maeliiue 
are,  that  the  upper  point  of  the  brace  moves  in  an  are 
instead  of  a  right  line ;  and  that  there  is  a  necessity 
of  shifting  the  fulcrum  a,  and  for  re-adjnsting  the 
work  under  the  drUl  for  each  different  hole. 

Fig.  759  is  a  portable  iron  bow  frame  or  clamp,  in 
which  the  pressure  is  appUed  by 
a  screw.      In  a  conmion  form 
1 1  ^  used   for   boring   the   sides   of 

I    [[.i'  water  and  gas  pipes  the  frame 

J  ^  divides  info  two  branches  about 

'^  2  feet  apart,  and  these  terminate 

like  books,  wliich  loosely  em- 
brace the  pipe,  so  that  the  tool 
retains  its  position  and  may  be 
'  "^'-  used  by  one  man ;  whereas  in 

me  man  is  required  to  hold  the  frame,  while 
ses  the  tool. 

re  modern  form  of  drilling  apparatus  is  shown 
)0.  It  consists  of  a  cylindrical  bar,  a,  on 
which  the  horizon- 
tal rod  b  is  fitted 
with  a  socket  ca- 
pable of  being  fixed 

any  angular  position 
by  the  set-screw  c. 
Asocketslidesupon 
h  capable  of  being 
fixedbyitsset-serew 
d  at  any  distance 


another  m 


ing  through 
socket,  by  which  the 
brace  is  thrust  in- 
to the  work  to  be 
drilledjthisisplaced 
level  either  on  the 
ground,  on  trestles, 
on  the  work  bench, 


n  the  Y 


;  the 


ud  d  are  loosened,  and  the  brace  is  put  in 
position  for  work,  and  examined  with  a  plnmb  line ; 
the  whole  is  then  made  fast  by  the  screws  c  and  d. 
Ill  some  cases  the  rod  a  is  rectangular,  and  extends 
from  the  floor  to  the  ceiling,  and  traverses  in  fixed 
sockets.  In  Fig.  760  the  rod  a  terminates  in  a  cast- 
iron  base,  by  which  it  is  grasped  in  a  tad-vice,  or  it 
may  be  fixed  upon  the  bench,  in  which  case  the  nut 
is  unscrewed,  and  the  east-iron  plate  p  when  reversed 
serves  as  a  pedestal,  the  stem  is  passed  through  a 
hole  in  the  bench,  and  the  nut  and  washer  when 
screwed  on  the  stem  beneath  secwe  all  very  strongly 

The  common  brace,  shown  in  Fig.  761,  is  fitted 
with  a  left-hand  screw.  Mr.  Holtzapfl'cl  remarks  that 
"  various  useful  drilling  tools  for  engmecring  works 
are  fitted  with  left-hand  screws,  the  unwinding  of 
which  elongate  the  tools ;  so  that  for  these  instrumcuts 
which  supply  their  own  pressure,  it  is  only  necessary 
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to  find  a  solid  support  for  the  centre.  They  apply 
very  readily  in  di-dling  holes  within  boxes  and  panels, 
and  the  abutment  is  often  similarly  provided  by  pro- 
jecting parts  of  the  castings;  or  otherwise  the  lixed 
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support  is  derived  from  the  wall  or  ceiling,  by  aid  of 
props  arranged  in  the  most  convenient  manner  that 
presents  itself.  .  .  A  right-hand  screw  would  be 
unwound  in  the  act  of  drilling  a  hole  when  the  brace 
is  moved  round  in  the  usual  direction,  which  agrees 
with  the  path  of  a  left-hand  screw.  The  cutting 
motion  produces  no  change  in  the  length  of  the  instru- 
ment, and  the  screw  being  held  at  rest  for  a  moment 
during  the  revolution,  sets  in  the  cut ;  but  towards 
the  last,  the  feed  is  discontinued,  as  the  elasticity  of 
the  brace  and  work  sufBce  for  the  reduced  pressure 
required  when  the  di-ill  is  nearly  through,  and 
sometimes  tlie  screw  is  unwound  stiU  more  to 
reduce  it." 

A  simple  addition  to  the  braces  and  drUl  tools  is  a 
socket.  Fig.  762,  with  a  square  hole  at  one  end  for 
the  drills,  and  at  the  other  end  a  square  tang  to  fit 
the  brace.     In  tins  way  the  length  of  the  drill  can  be 


extended  for  reaching  deeply  seated  holes.  These 
sockets  are  made  of  various  lengths,  and  in  some  cases 
2  or  3  are  used  together  to  extend  the  length  of  the 
brace  to  suit  the  position  of  the  prop. 

The  driUmg  tools  now  described  are  driven  by  hand- 
power.  In  some  kinds  of  work,  however,  they  arc 
fixed  in  square  or  round  hole  drill-chucks,  which  screw 
upon  the  lathe  mandril.  In  the  manufacture  of  harps, 
for  example,  there  is  a  vast  quantity  of  small  drilling 
which  is  performed  in  this  way.  Various  forms  of 
lathe-driUs  and  other  forms  of  hand-drills  are  described 
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Fig.  763.  rig.  Hi. 

in  Mr.  Holtzapfl'el's  work,  to  which  we  must  refer ;  but 
we  caimot  conclude  without  some  notice  of  drilling 
machines  worked  both  by  hand  and  by  steam-power. 
Of  the  former  kind  is  Nasmyth's  Portable  lland-driU, 
Figs.  763,  761,  in  which  the  sjimdle  is  di-ivcu  by  a 
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pair  of  bevil  pinions,  the  one  attached  to  the  axis  oi 
the  vertical  fly-wheel,  the  other  to  the  drill-shaft, 
which  is  depressed  bj  a  screw  moved  by  a  small  liand- 

Messrs.  ^Vliitworth  and  Co.,  of  Manchester, 
constructed  a  drilling  machine,  which  is  one  of  the 
most  complete  tools  of  the  kind  ever  constructed. 
Fig.  705  is  a  vertical  section  thereof;  in  the  plane  o 
the  axis  of  the  driving  coue  and  work-table,    a  a  is  i 


east-iron  framing,  upon  which  the  working  parts  are 
carried,  as  also  the  work-table  and  its  motions.  This 
framing  is  formed  of  a  single  casting,  and  is  fixed  by 
3  strong  bolts  upon  the  sole  plate  t,  which  is  intended 
to  rest  without  fastening  upon  the  floor  of  the  work- 
shop. A  strong  bracket  on  the  upper  portion  of  the 
main  frame  carries  the  outer  ends  of  the  cone  spindle 
b,  and  back  speed  spindle.  Upon  the  spindle  b  is  the 
driving  cone  B  of  3  speeds,  the  spur-wheel  c,  and  the 
bevil  pinion  d.  The  speed  cone  b  is  loose  upon  the 
shaft,  and  communicates  motion  to  it  only  by  means 
of  the  spur-wheel  c,  which  is  keyed  upon  the  spindle, 
and  to  which  the  cone  can  be  attached  by  a  stud-pin 
and  nut  at  c.    This  wheel  geers  with  the  pinion  e,  on 


the  same  spindle  which  carries  the  wheel  m  ;  this,  \i\ 
tui-n,  geers  with  the  pinion  n,  which  is  fast  upon  the 
end  of  tlie  cone  b,  but  runs  loose  upon  the  cone 
spindle  b. 

Supposing  the  back  speed  to  be  removed,  the  cone 
being  driven  by  its  belt  causes  the  spindle  b  to  revolve, 
because  it  is  attached  to  the  fast-wheel  c,  and  also 
gives  motion  directly  to  the  bevU  pinion  d  on  the  end 
of  the  spindle.  This  again  geers  with  the  bevH  wheel 
r  on  the  drill  spindle  g  g,  which  is  free  to  slide 
vertically  in  the  eye  of  the  wheel,  while  it  is  prevented 
from  revolving  in  it  by  a  sunk  feather.  In  this  way 
3  difl'erent  degrees  of  quick  speed  may  be  given  to 
the  drill.  But  if  the  back  speed  be  in  geer,  as  in  the 
figui-e,  and  the  stud-pin  c  removed,  and  the  cone 
thereby  loosened  from  its  attachment  with  the  wheel 
c,  the  motion  communicated  to  it  will  not  drive  the 
shaft  b  directly  as  before,  but  the  pinion  n  being  fast 
upon  it  will  give  motion  to  the  wheel  m  upon  the 
same  spindle  with  the  pinion  e.  This  last  wiU,  there- 
fore, make  the  same  number  of  revolutions  as  m, 
but  being  smaller  in  diameter  will  convey  a  proportion- 
ally less  velocity  to  the  wheel  c,  with  which  it  geers, 
and  which  it  consequently  drives  with  a  speed  duni- 
nished  in  the  ratio  of  the  geering  pairs.  Now  the 
wheel  c  being  fast  on  the  shaft  b  conveys  through  it 
to  the  bevil  pinion  d  the  same  diminished  speed,  and 
this  again  to  the  drill  spindle  gg.  This  reduced  speed 
may  be  varied  as  before  by  placing  the  belt  on 
pulley  or  other  of  the  speed  cone.  Behind  the  pinion 
E  is  a  recess  to  allow  it  to  enter  when  the  back  speed 
wheels  are  to  be  thrown  out  of  geer ;  this  speed  geer 
is  only  required  when  the  machine  is  boring  holes 
of  upwards  of  1 5  inch  diameter.  The  wheel  p  is  cast 
with  a  long  hollow  boss  fitted  into  a  brass  coUar  in 
the  lower  branch  of  the  carrying  bracket.  The  drill 
spindle  passes  through  the  wheel  p,  which  thus  serve 
its  lower  guide.  The  upper  end  of  the  spindle  i 
guided  in  a  collar  similarly  fitted  into  the  upper  branch 
of  the  bracket  at  a.  In  the  figure  it  is  shovm  at  the 
lowest  limit  of  its  travel.  A  back  weight,  h, 
attached  to  the  top  of  the  di'iU  spindle,  by  a  jointed 
lever  and  guide  litdi  which  embraces  the  top  of  the 
spindle,  and  moves  upon  a  vertical  guide  rod  kept 
firm  in  its  place  by  having  its  lower  end  held  by  a 
screw  nut.  The  drill  spindle  is  itself  screwed  towards 
the  middle  of  its  length,  where  it  is  embraced  by  3 
screw  wheels,  j  J,  between  which  it  turns,  and  which 
serve  the  purpose  of  a  nut  to  feed  down  the  spiadle 
in  the  operation  of  drilling. 

K  is  the  table  upon  which  the  article  to  be  bored 
rests,  and  to  which  it  can  be  firmly  held  down  and 
adjusted  by  T-headed  bolts  and  glands,  the  table 
being  recessed  and  grooved  to  receive  and  retain  the 
T-heads  of  the  holding  bolts.  The  table  is  supported 
upon  the  sole  of  the  large  bracket  l  attached  to  the 
framing  A  by  two  pieces  not  shown  in  the  figiore, 
bolted  upon  it  and  planed  true  to  the  angle  of  the 
inverted  bevil  edges  of  the  broad  face-rib  of  the  maui 
frame.  These  edges  are  also  planed  where  they  mec' 
the  oblique  faces  of  the  pieces,  by  which  means  a 
joint  is  formed  which  allows  of  a  sUding  motion  veiii- 
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cally,  but  does  not  adiu  t  of  1  Ic  al  d  v  t  on  Th  3 
bi-ackut  is  raised  and  dej  esscd  by  eaus  of  a  1  an  1 
crank  applied  at  u.  Upon  tl  s  sp  nlle  s  fxel  tl  e 
spur-pinion  which  geers  v  th  the  spur  v  1  eel  v  on  the 
same  spindle  with  the  pm  on  w  vh  oh  geers  in  tur 
with  the  rack  w  set  into  the  f  ame  a  By  turn  g  the 
hand  crank  on  u  the  bracket  can  1  e  la  sed  0  lo  vercd 
The  table  k  has  a  double  n  ove  ent  1  on  the  sole  of 
the  carriage  bracket :  one  no  t  1  1 

the  other  in  the  dircotio  1  of  II     I  11 

The  circular  movement    s  ell  1 

hand  crank  ^  upon  the  sj  in  11        1 


the  motion  of  the 
handle  p  to  the 
table.  The  lateral  movement  is  effected  by  means 
of  a  recess  in  the  form  of  a  parallelogram,  cast^  in 
the  sole  of  the  carriage  bracket  I,,  with  projecting 
ribs  e  e  on  its  under  side,  which  form  guides,  against 
\vliich  the  cover  of  the  travelling  box  x  slides. 
Motion  is  communicated  by  the  handle  y  upon  the 
spindle  which  carries  the  bevil  wheel  0  :  this  spintUe 
has  its  bearings  attached  to  the  bracket  l,  and  its 
wheel  geers  with  an  equal  wheel  upon  the  end  of 
the  screwed  spindle  i,  which  has  its  bearings  also 
attached  to  the  sole  plate  of  the  carriage  bracket, 
and  works  in  a  long  nut  or  internal  screw  formed  in 
the  cover  of  the  travelling  box  x.  Sec  Fig.  766.  By 
turning  the  handle  q,  the  piece  which  serves  the 
purpose  of  a  nut  on  the  screw  d  is  carried  along  in 
the  direction  of  the  length  of  the  screw ;  but  the  nut 
being  attached  to  the  table  k,  the  whole  is  moved 
simultaneously  in  that  direction.  By  these  two  motions 
any  point  of  the  table  k  can  be  brought  under  the 
axis  of  the  di-iU ;  and  by  means  of  the  vertical  motion 
it  can  be  placed  at  any  convenient  height. 

The  feed  of  the  tool  is  obtained  by  means  of  the 
two  screw  wheels  j  J,  on  the  axis  of  which  are  two 
pulleys  embraced  on  the  circumference  by  friction 
collars,  s  s.  The  bearings  of  the  axis  being  attached 
to  the  framing  A,  it  is  evident  that  the  machine  being 
in  motion,  if  the  pulleys  be  prevented  from  revolving, 
the  whceLj  jj  will  also  remain  at  rest;  but  the 
screwed  part  of  the  di-iU  spindle  revolving  between 
them,  they  will  act  as  a  stationary  nut,  and  cause  the 
spindle  to  descend  through  a  space  equal  to  one  thread 
of  its  screw  during  cvei^  revolution.  If  the  pulleys 
and  wheels  be  free,  the  screw  of  the  spindle,  instead 
of  descending,  will  sunply  cause  the  wheels  J  J  to 
revolve  on  their  axis  through  a  space  equal  to  one 
tooth  during  every  revolution  of  the  screw.     Between 


these  extr  mes  any  a  0  t  of  f  c  1  or  lo  i  va  d 
mot  on  of  the  d  lU  sp  n  He  ay  be  ol  t  ed  s  1  ly  1 ) 
retard  n^,  the  mot  on  of  the  vl  eels  1  y  uc  s  ot  11  e 
f  ct  on  colh  s  s  s  wh  ch  en  1  ace  tl  s  all  j  all  s 
on  their  axis  foi  tl  0  f  ct  on  of  the  colla  s  bcu ., 
less  th  n  to  p  eve  it  ent  ely  the  mot  0  of  tl  e  1  1 
a  1  at  the  same  tunc  ^  cate  tl  a  to  alio  a  t  tl 
to  pass  durmgaievolut  onof  the  sj     11        I     n   a  1 

ot  on  of  the  sj  mdle  ust  tl  us  be  j  od  cc  1  c  1  1 
to  the  letarl  ton  of  the  pulleys  p  ol  c  1  ly  tl  c 
f  ct  0 1  colla  s  The  tool  can  bo  spec  Uy  w  tl  I  n 
ly  slaclang  the  f  ct  on  coUa  s  wl  tl  0  b  1  e 
ve  gl  t  H  will  lasc  the  sp  nlle  ol  y  c  sc  al 
r  he  1  the  tool  has  a  hold  in  tl  c  hole  -nil  1  g 
0  el    the  bah  ce  w    gl  t  ca     be  t    1  1  y  tl 

I     d  whed  placed  on  the  ax  s  ot  one  ot  tl       II 
the  vhe  1  anl  so  ew  v  11  tl    s  fo    tl  e  t        1     c 

!rted  into  a  prmon  and  lack. 

DRUGGET,  a  coarse  woollen  fabric  used  for  cover- 
ing carpets. 

DRUMMOND  LIGHT,  see  Lime— Ligutuouse. 

DRY-ROT,  see  Wood. 

DUCTILITY,  see  Metal— Wiredkawing.  Sec 
also  ArrENDix. 

DYEING  is  the  art  of  imparting  to  wool,  silk, 
cotton,  luien,  leather,  &c.,  colours  which  resist  the 
operation  of  washing  and  the  wear  to  which  they  are 
subject  when  made  up  into  articles  of  fm-niturc  or 
clothing.  This  art  was  known  at  a  very  early  period. 
Jacob  made  for  Joseph  a  coat  of  many  colours,  (Gen. 
__.  'ii.  3  ;)  and  in  Exodus  frequent  mention  is  made 
of  the  ornaments  for  the  Tabernacle  as  being  com- 
posed of  blue,  purple,  scarlet,  and  fine  linen.  Wc 
read  also  in  2  Chron.  ii.  that  Solomon  havuig  sent 
to  Tyre  for  colom-ed  linens,  the  king  of  that  country 
answered  his  request  by  sending  him  a  man  skilful 
to  work  "in  purple,  in  blue,  and  m  fine  linen, 
and  in  crimson."  Ezckiel,  (593  B.C.)  in  his  prophecy 
against  Tyi'e  (xxvii.  7),  speaks  of  "  blue  and  purple 
from  the  "isles  of  Elisliah,"  which  has  been  sup- 
posed to  refer  to  Elis  on  the  west  side  of  the 
Greek  Peloponnesus,  and  hence  it  has  been  inferred 
that  the  Tyi-ians  in  the  time  of  Ezckiel  drew  their 
supply  of  shell-fish  used  for  dyeing  purple  from  the 
coast  of  Greece.  The  Tyrian  purple  was  greatly  prized 
among  the  nations  of  antiquity.  It  is  supposed  to 
have  been  obtained  from  two  different  kinds  of  shell- 
fish, described  by  Pliny  under  the  names  purpura  and 
hucclmm;  it  was  extracted  from  a  small  vessel  or  sac 
in  their  throats,  one  drop  only  being  obtained  from 
each  animal,  but  an  inferior  colour  was  obtained  by 
crushing  the  whole  substance  of  the  buccinum.  A 
quantity  of  the  juice  having  been  collected,  sea  salt 
was  added,  and  it  was  allowed  to  stand  three  days ; 
after  this,  it  was  diluted  with  five  times  its  bulk  of 
water,  kept  at  a  moderate  heat  for  six  days  more,  and 
occasionally  skimmed,  and  when  thus  clarified  it  was 
used  for  dyeing  white  wool  previously  prepared  by 
the  action  of  lime-water  or  of  a  species  ot  lichen. 
For  the  finest  Tyrian  purple,  the  wool  was  first 
plmiged  into  the  juice  of  the  purpura,  and  then  into 
that°of  thebuccklum;  by  exposiuj  10  air  and  light 


the  wool  passed  through  various  shades  of  citrc 
yellow,  green,  azui-e,  and  red,  and  after  48  hours 
fine  purple  was  produced.  In  some  cases  the  wool 
was  first  dyed  witli  a  cheap  dye,  and  the  woven  cloth 
was  finished  with  the  precious  juice.  The  colours 
were  durable,  but  very  costly:  Pliny  states  that  i 
pound  weight  of  the  double  dipped  Tyrian  purple 
was  sold  in  Rome  in  the  time  of  Augustus  for  100 
crowns,  (equal  to  aboiit  30/.  of  our  money.) 

This  enormous  price  did  not  prevent  many  of  the 
citizens  of  Rome  from  wearing  purple  attire  until  the 
time  of  the  emperors,  when  the  use  of  purple  was 
limited  to  tliem.  This  exclusiveness  proved  fatal  to 
tlie  manufactm-e  :  it  languished  until  the  eleventh 
century,  and  tlien  became  extinct.  In  the  seventeenth 
century  the  art  of  dyeing  purple  was  revived  by  Mr. 
Cole,  of  Bristol,  and  in  the  eigliteenth  century  by  M. 
Reamnur,  of  France ;  but  by  this  time  finer  colours 
had  been  discovered,  and  cheaper  processes  invented. 
The  ancient  Greeks  do  not  seem  to  have  attended 
much  to  the  art  of  dyeing ;  the  people  of  Athens  wore 
wooUen  garments  of  the  natural  colour,  and  although 
the  more  luxurious  Romans  patronised  those  who 
cultivated  the  art,  yet  the  processes  of  a  trade  or 
manufacture  were  thouglit  to  be  beneath  the  notice 
of  any  writer  capable  of  describing  them.  We  learn 
incidentally  from  Pliny  that  the  competitors  in  the 
circus  were  clothed  in  dresses  of  green,  orange,  grey, 
and  white.  The  art  was  lost  at  Rome  afd  ;  I'  .  li.. 
vasion  of  the  northern  barbarians  in  the  fill  h  >  i  ,i  : 
but  it  was  practised  in  the  East  and  revive. 1  I 
about  the  end  of  the  twelfth  century.  I  !  i.ii.r 
became  celebrated  in  the  art,  and  in  the  earli 
tlie  fourteenth  century  numbered  not  less  than  200 
dyeing  establishments. 

The  discovery  of  America  supplied  Europe  with  a 
variety  of  new  colouring-matters,  such  as  indigo, 
logwood,  quercitron,  Brazil-wood,  cochineal,  arnotto, 
&c.  Before  the  introduction  of  iiidigo,  woad  was 
used  for  dyeing  blue,  and  the  cultivators  of  this  plant 
ia  England  and  on  the  Continent  endeavoured  to 
prevent  the  use  of  indigo,  which,  by  a  decree  of  the 
German  Diet  in  1577,  was  declared  to  be  "a  perni- 
cious, deceitful,  eating,  and  corrosive  dye."  The 
introduction  of  logwood  was  opposed  from  similarly 
interested  motives :  its  use  was  prohibited  by  a 
statute  of  Elizabeth,  under  heavy  penalties,  and  all 
that  which  was  found  in  the  country  was  ordered  to 
be  destroyed :  it  was  not  until  the  reign  of  Charles  II. 
that  its  use  was  permitted. 

Such  narrow  prejudices  as  these  of  course  inter- 
fered with  the  progress  of  the  art  in  this  country ; 
but  by  degrees,  valuable  improvements  were  made, 
and  new  propcsbts  intioJuced  from  abroad,  such  as 
the  mcllid.l  M-  .1  ,  ■  -  Ti,  '  \  u  d,— one  of  the  most 
durable  nl  ,    i  i  discovered  in  India,  and 

altprwaul     ,  i   parts  of  Asia  and  in 

•'"I"''!'       ''  'I  1  lie  last  century  some 

*"  I  il  (l\c-works  for  this  colour  in 

I  I     I     ,'•"!  an  account  of  the  method  of 

I  I  lililished,  by  order  of  the  French 

b-'i' ut^  '  i.t      A(    at  the  end  of  the  last  century  the 


method  was  practised  in  England,  when  a  Turkey-red 
dye-house  was  established  in  Manchester,  by  a  Erench- 
man,  who  obtained  a  grant  from  Government  for  the 
disclosure  of  his  process,  which,  however,  was  not 
very  successful.  A  better  process  was  introduced 
into  Glasgow  by  a  Erenchman  named  PapLUon ;  but 
before  this,  Mr.  Wilson  of  Ainsworth,  near  Manchester, 
had  obtained  the  secret  from  the  Greeks  of  Smyrna, 
which  he  made  pubUo. 

The  methods  of  imparting  a  permanent  colour 
to  textile  fabrics  are  almost  as  numerous  as  the 
colouring  matters  employed.  Most  of  the  colours 
used  in  dyeing  are  vegetable  :  a  few  are  animal  and 
mineral.  The  most  vivid  and  brilliant  vep-ttable 
colours,  such  as  those  of  flowrrs  and  otlirr  parts  of 
plants  exposed  to  the  light,  an>  Mnall  m  i|aaiitity, 
very  fugitive,  and  difficult  to  saparate.  'iln'  foluuring 
matters  of  plants  capable  of  being  isolated,  are  mostly 
yellow,  brown,  and  red ;  the  only  blue  dyes  furnished 
by  plants  are  indigo  and  litmus ;  no  black  vegetable 
dye  has  been  isolated.  Most  vegetable  colours  are 
soluble  in  water ;  and  those  which  are  not  so  can  be 
dissolved  in  alcohol,  ether,  or  the  fixed  oils.  Vegetable 
colours  are  permanent  in  dry  air ;  but  they  gradually 
fade  iir  moist  air,  especially  under  the  influence  of 
light.  The  blue  of  most  flowers  is  converted  into 
red  by  an  acid,  and  into  green  by  an  alkali. 

Not  only  do  the  methods  of  dyeing  vary  with  the 
,i'  lie  of  the  dye-stuff,  but  also  with  that  of  the 
I  I  I  ill  to  be  dyed;  different  methods  being  adopted 
'lion,  silk,  and  wool.  In  order  to  convey  a 
_  rill  ral  idea  of  the  art,  we  wiU  refer  principally  to 
the  dyeing  of  cotton,  which  receives  colour  much  less 
easily  than  wool  and  silk,  and  therefore  requii-es  more 
numerous  and  elaborate  processes. 

The  appearance  of  a  large  dye-house  is  very  inte- 
resting from  the  variety  and  magnitude  of  the  pro- 
cesses carried  on  therein.  The  following  general 
sketch  of  the  Egerton  Dye-works  at  Turton,  near- 
Bolton,  is  quoted  from  the  Editor's  work  on  the 
"  Usefid  Arts  and  Manufactures  of  Great  Britain."  ' 
"  The  dye-house  at  Turton  consists  of  an  immense 
apartment,  which  forms  the  basement  story  of  a  large 
cotton-mill.  It  is  paved  with  stone,  and  supplied 
with  a  complete  system  of  drainage  for  carrying  off 
the  spent  dye-stuffs  and  soiled  water  which  result 
from  each  day's  operations.  On  entering  this  apart- 
ment, the  visitor  is  struck  with  what  appears  to  be 
the  confused  assemblage  of  differently-shaped  ma- 
chines, urdike  the  sameness  which  is  equally  remark- 
able in  the  grouping  of  the  machinery  of  a  spinning 
or  weaving-miU.  Here  ars  large  stone  cisterns  for 
bleaching  and  for  washing;  dash-wheels,  and  other 
wheels,  also  for  washing;  vessels  containing  dye- 
stuffs,  called  dye-bechs :  others,  containing  soap  and 
water,  called  soap-lecks ;  mangles  for  rolling  the 
cloth;  others  furnished  with  brushes  for  laying  the 
fibres  all  in  one  direction;  squeezing  rollers  for 
pressing  out  the  water  from  the  goods ;  and  a  curious 


machine  foi  dryuig  the  goois  by  centrifugal  force, 
which  will  be  noticed  hereafter.  Under  the  feet  arc 
streams  of  all  colours  threading  their  way  through 
the  dregs  of  other  spent  dye-stuffs  which  had  been 
thrown  away  some  time  before.  Occasionally  may  be 
seen  a  vessel  containing  a  liquid  which  is  boilmg 
witliout  any  visible  source  of  heat.  Heat,  however, 
is  supplied  by  the  introduction  of  steam  from  a  large 
boiler  in  a  neighbouring  apartment  There  aie  also 
conveniences  for  supplying  water  to  ahnost  any 
amount.  In  some  dye-works  the  daily  consumption 
amounts  to  from  600,000  to  800,000  gallons  The 
purity  of  the  water  is  of  the  utmost  consequence , 
distdled  or  rain-water,  or  that  of  an  Artesian  well  is 
generally  better  than  spring  or  nvei  water,  whicli 
usually  contains  lime,  and  this  exerts  an  injuuou 
action  on  the  dye-stuff:  there  is  also  a  small  quautit\ 
of  iron  in  most  spring  and  river- watei,  which  i\ 
brown  tinge  to  goods  washed  in  them  \l|  imii 
the  dye-house  is  a  room  for  storing,  grindins-  i  vii 
and  dissolving  the  various  dyeing  mateiialb  ilt  V 
Infusions  of  such  drugs  as  fustic,  sumach,  ind  lo 
wood  are  made  in  tubs  or  vats  ;  50  lbs  of  the  duici; 
being  mixed  with  200  gallons  of  boiling  water  Sonic 
of  the  vats  are  furnished  with  a  perforated  hlbL 
bottom,  to  separate  the  soKd  mattei  from  the  infu 
sion,  and  the  latter  is  conveyed  to  vats  in  the  dye 
house.  A  decoction  of  sumach  is  obtained  by  boihng 
it  in  an  open  copper  boiler,  which  is  the  ^  essel  usually 
employed  foi  decoctions  Foi  some  debcate  dyes, 
wheie  a  steam  heat  is  apphed,  vessels  of  tmned  iion 
or  copper  are  ased  Diffeient  vegetable  colouring 
matters  vary  so  much  m  their  pioperfies,  that  few 
general  obseivations  apply  to  all  of  them  If  the 
substance  beverv  soluble  its  solution  is  usually  made 


in  cold  ^  ater  it  only  slightly  soluble  heat  is  applied, 
piovided  the  colour  is  not  uijuicd  theicby  When 
the  solution  is  icquiied  to  be  hi^hlj  chaiged  ^ith 
coloui,  a  portion  of  the  watei  is  dii\en  off  by  heat, 
but  this  requires  caution,  as  many  \  cgetable  colours 
aie  mjuied  by  long  boiling  If  the  £,oods  aie  not 
kept  m  constant  motion  when  m  the  dye  bed,  the 
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infusion  should  be  previously  filtered,  or  the  clear 
part  poured  off,  to  separate  insoluble  woody  matters. 
Li  some  cases  a  coloured  infusion  is  obtained  by 
enclosing  the  colouring  substances  in  bags,  which  are 
removed  from  the  liquid  when  sufficient  colour  is 
imparted.  If,  however,  the  goods  are  kept  in  cou- 
tmual  motion  while  in  the  dye-bcek,  as  is  almost 
always  done  with  cottons,  the  separation  of  the  m- 
soluble  nnttcis  is  imiratenal     The  vegetable  mate- 


^3L, 


-^m^ 


nal  IS  commonlv  mtioJuccd  m  a  state  of  coarse 
powder  into  the  dye  beck  containing  cold  water:  the 
pieces  of  cotton  aie  put  m  at  the  same  tune,  and  the 
temperature  of  the  liquid  giadually  increased  by  the 
mtioduction  of  steam  by  a  pipe  connected  with  the 
boilei  Motion  is  given  to  the  goods  m  the  dye-beck 
by  a  winch  or  reel  placed  horizontally  over  the  middle, 
so  that  the  cloth  may  be  made  to  descend  into  either 
compartment  of  the  dye-beck  by  the  rotation  of  the 
■^^heel  By  another  arrangement,  shown  in  Fig.  768, 
the  cloth  is  wound  from  one  roller  to  another,  passing 
in  the  interval  through  the  dye,  under  a  roller  placed 
at  the  bottom  of  the  dye-beck." 

The  fibres  of  vegetable  and  animal  substances 
receiv  e  colour  more  readily  before  they  are  spun  into 
vara,  and  the  yarn  admits  of  being  more  readily  dyed 
than  the  woven  cloth,  because  the  solution  of  coloui-ing 
mattei  has  more  difficulty  in  penetrating  the  twisted 
than  the  open  fibres.  Thus  wool  in  flocks,  after 
havmg  been  washed  in  an  alkali  and  bleached,  takes 
moie  colour  than  when  it  is  spun  or  woven  ;  and  the 
colom  of  the  interior  of  a  piece  of  thick  woollen 
cloth  dyed  in  the  piece,  is  often  less  intense  to  the  eye 
than  the  colour  of  the  exterior.  Dyeing  in  the  piece 
is,  how  ever,  less  expensive  than  dyeing  wool  in  flocks 
01  m  yain,  because  less  of  the  material  is  wasted,  and 
the  colour  is  not  exposed  to  injury  during  the  processes 
of  spinning  and  weaving. 

In  dyeing  cotton  goods,  several  pieces  are  usually 
joined  together,  to  make  a  length  of  from  100 
to  120  yards.  Several  processes  preparatory  to  the 
dyeing  are  requii'ed.     The  goods  are  first  scoured. 
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and  in  some  cases  boiled  in  sour  water  or  in  alkajine 
ley,  for  about  two  hours,  then  wrung  out,  and  rinsed 
in  a  stream  of  water  until  the  water  comes  off  clear. 
The  sour  water  is  prepared  by  the  addition  of  ^V*'' 
part  of  sulphuric  acid,  and  when  the  stuifs  are  steeped 
in  it,  the  acid  combines  with  the  calcareous  earth  and 
iron  contained  in  the  fabric,  the  presence  of  wliich 
would  interfere  with  the  fnU  effect  of  the  coloiiring 

In  the  dyeing  of  cotton  aluming  is  an  important 
preKnunaiy  process.  40  or  50  lbs.  of  alum  previously 
dissolved  in  warm  water  are  mixed  in  a  vat  with  40 
or  50  paiKiils  of  water,  the  mixture  being  carefully 
stirred  to  prevent  the  salt  from  crystallizing.  Each 
pound  of  cotton  stuff  requires  4  oz.  of  aliun.  Some 
dyeis  use  a  quantity  of  soda  equal  to  about  J^th  of 
the  alum ,  others  i  Id  a  little  tartar  and  ai  ^cmc  The 
threads (ftl    f  '  '    --      ii     thnm 


in  small  quint ims    t  tin       liii  Vfter  this  has 

been  done  some  time,  the  whole  of  the  hquor  is  added, 
and  it  is  left  foi  24  bonis,  after  which  it  is  washed  m 
nmnmg  water  foi  1^  oi  2  houis  Cotton  gains  by 
aluimng  about   '  th  pait  of  its  weight 

Galling  IS  anothei  \  icpaiatory  process     Powdered 


ga  U  are  boded  for  two  horns  m  watei,  the  quantity 
of  which  must  be  regulated  by  the  quantity  of  thread 
to  be  galled  and  the  amount  of  the  effect  rcquiud 


When  the  solution  has  cooled  down,  it  is  divided  into 
a  number  of  equal  parts,  in  order  that  the  thread  may 
be  wrought  pound  by  pound.  The  whole  stuff  is  then 
put  into  a  vessel,  and  the  remaining  liquid  poured 
upon  it.  It  is  left  for  24  hours  if  it  is  to  be  dyed 
black,  but  for  other  colours  12  or  15  hours  sulfice. 
It  is  then  wrung  out  and  dried. 

In  passing  the  goods  through  these  preparing 
cisterns,  the  effect  desired  is  produced  more  effectually 
and  in  quicker  time,  by  allowing  the  cloth  to  unwind 
gradually  from  a  roller,  and  after  going  through  the 
iiquid  in  a  regular  manner  under  a  roller  at  the  bottom 
of  the  vessel,  to  pass  between  two  rollers  on  coming 
up  out  of  the  liquid,  whereby  the  superfluous  moisture 
is  pressed  out  of  the  cloth  and  it  is  again  prepared 
for  anotbei  dipping.  Some  idea  of  the  arrangements 
adopted  will  be  gained  from  an  examination  of  the 
Figuies 

It  IS  not  possible  in  this  short  notice  to  attempt 
more  than  to  convey  a  general  notion  of  the  chemical 
prmciples  upon  which  the  art  of  dyeing  depends.  In 
producmg  certain  residts,  advantage  is  taken  of  that 
afBmty  or  attraction  by  which  one  substance  a  unites 
with  anothei  substance  b  in  preference  to  a  substance 
r  so  that  if  c  be  dissolved  in  A,  the  addition  of  b 
Id  cause  c  to  leave  a  in  order  to  unite  with  i.; 
\\licn  resm  is  dissolved  in  spirits  of  wine  the 

1 1  111  n  of  water  wiU  throw  down  the  resin  as  a  pre- 
ciiiitate,  because  the  spirit  has  a  stronger  affmity  for 
the  watei  than  it  has  for  the  resin.  Other  cases  of 
simple  and  double  decomposition  are  given  in  the 
aiticle  ArriMTY,  to  which  we  must  refer,  especially  to 
the  diagrams  at  page  23,  because  one  of  the  simplest 
methods  of  dvemg  depends  on  such  a  case  of  double 
decomposition  as  is  there  given.  The  colouring 
matter  is  pi  educed  in  or  upon  the  cloth  in  the  form 
of  an  insoluble  precipitate  by  mixing  two  solutions, 
in  neither  of  which  does  the  colour  exist  separately. 
The  advantage  of  this  method  is,  that  the  cloth  can 
be  impiegnated  -n-ith  one  solution,  and  then,  upon 
immersing  it  in  the  other,  the  insoluble  colouring 
matter  is  formed  within  the  elongated  cell  or  tube 
which  foi  nib  the  fibre  of  tlie  cloth,  so  that  the  re- 
sultmg  precipitate  being,  as  it  were,  imprisoned  within 
the  fibre,  is  rendered  incapable  of  being  removed  by 
washmg  In  this  way  mineral  coloxu's,  such  as  ehromc- 
■\  eUow,  pmssian-blne,  iron-buff,  and  manganese  brown, 
may  be  applied  to  textile  fabrics.  In  all  these  cases 
the  proper  coloiu'ing  matter  is  insoluble  in  water, 
and  IS  precipitated  whenever  the  two  solutions  proper 
f  1  its  formation  are  mixed.  Thus,  when  an  aqueous 
flution  of  bichromate  of  potash  is  mixed  with  an 
aqueous  solution  of  acetate  of  lead,  an  insoluble 
]iccipitate  of  ehromate  of  lead  (chrome-yellow)  is 
produced.  In  the  processes  for  dyeing  cloth  with 
mineral  coloui's,  the  fastness  of  the  colours  is  supposed 
to  be  entirely  a  mechanical  effect,  in  no  way  referable 
to  a  chemical  attraction  of  the  fibre  for  the  colouring 
matter.  A  piece  of  white  cotton  cloth  moistened 
with  either  a  solution  of  bichromate  of  potash  or  of 
acetate  of  lead  may  be  easily  cleared  of  either  of  these 
salts  by  washing  it  in  water;  but  if  the  cloth  be  first 


imjiresnated  with  one  solution,  and  afterwards  with 
the  otlier,  the  precipitate  of  chrome-yellow  produced 
within  the  fibre  can  never  be  removed  by  washing 
with  water.  The  ekrome-yellow  that  is  afterwards 
washed  away  is  merely  attached  loosely  to  the  exterior 
of  the  fibre. 

A  second  method  of  dyeing  is  with  a  mordant;  this 
is  usually  a  metaUio  salt,  which  has  an  affinity  for  the 
tissue,  as  well  as  for  the  coloiiriiitc  matter  in  M.lulion; 
forming  with  the  latter  :iii  m  'il;i'Jr  r.  .iiiimim.l  '  Tliis 
method  of  dyeing  is  n^' II    ■'     i    ' '•  '     i'"i 

animal  colouring  matin      ,i  ,  i    .       .   .  i  r, 

but  have  not  a  strong  ullin;!;,  Ini-  1 1.  m-  The  .1,1^^11 
of  the  mordant  is  to  withdraw  them  from  solution, 
and  to  form  with  them,  upon  the  cloth  itself,  certain 
compounds  which  are  insoluble  in  water. 

In  dyeing  cotton  with  a  mordant,  it  is  generally 
necessary  that  the  mordant  be  produced  on  the  cloth 
in  a  form  insoluble  in  water;  but  in  order  that  it 
may  penetrate  to  the  interior  of  the  clntli  about  to 
be  dyed,  it  must  frrst  be  applied  in  n  i  'i'  <  1  -''n  1-: 
The  excess  of  mordant  is   thru   >  1 

allowed  to  remain,  the  dye  would  ,         :     ! 

on  the  surface,  and  only  a  smull  niiviiii;.  \\..iiM 
penetrate  the  fibre.  But  when  the  burplus  mordant 
has  been  removed,  and  the  cloth  passed  tlu-ough  the 
dye-beelc,  tbe  resulting  colour  is  often  dull  and  liable 
to  change,  apparently  because  the  quantity  of  mmdniit 
is  too  small  to  combine  with  all  the  eolo\u  in  j  1 
which  is  deposited.  But  on  applying  tlic 
some  other  mordant  a  second  time,   tlir   i    ' 

greatly  improved  in  lustre,  and  1)1 1 '     ir  I;. 

attached.     This  second  mordant  i    >  '. 

Thus,  if  a  piece  of  white  cotton  li  1     '       iv 

from  a  dilute  solution  of  perchlnrid-  <-\  1  in  1-  a  'a.  ak 
decoction  of  logwood,  tbe  cloth  assiuucs  an  uneven 
violet  colour,  which  can  be  removed  by  washing.  But 
if  the  perchloride  be  removed  from  the  sui-faee  of  the 
cloth  before  it  is  put  into  the  decoction,  the  piece 
asstunes  a  dull,  brownish,  violet  tint.  If  a  small 
quantity  of  acetate  of  alumina  be  then  added  to  the 
liquor  as  an  alterant,  the  cloth  acquires  a  good  per- 
manent violet  or  pm-ple  eoloitr. 

"VVlten  the  surplus  mordant  has  been  removed,  the 
sooner  the  goods  are  exposed  to  the  dye-stuff,  the 
better  in  general  is  tbe  colour  they  assume. 

When  the  dye-stuff  is  insoluble  in  vater,  a  third 
method  of  dyeing  is  adopted.  In  such  case,  the 
mordant  may  be  dispensed  with ;  but  it  is  necessary 
to  make  such  a  solution  of  the  colouring  substance 
as  will  allow  it  to  be  precipitated,  in  its  insoluble 
state,  when  a  cloth  impregnated  with  the  solution  is 
exposed  to  some  chemical  agent. 
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Tlie  most  important  insoluble  vegetable  colourB 
are  indigo,  safflowcr,  :ui(l  arnoltn,  and  some  yellow 
and  brown  dyes.  '[''<  li  n^  iin  r  mlo  a  state  of 
solution,  it  is  necesvu     1  ,1  r  oiliei  solvent 

than  pure  water.  \'-\  1  !■  -  1  .  ;  :.-  -  In  the  action 
of  some  body  which  rubs  it  ol  UA,\i;cii,  it  is  brouglit 
to  the  state  of  while  ind'njo,  or  indigotin,^  wliich  is 
soluble  in  water,  if  lime  or  some  other  alkali  be 
present.  If  a  piece  of  cloth  bo  dipped  in  such  a 
solution,  it  becomes  impregnated  with  white  indigo, 
and  on  exposing  the  cloth  to  the  air  it  imbibes 
oxygen,  by  which  it  becomes  converted  into  its 
original  insoluble  blue.  This  remains  firmly  attached 
to  the  fibre,  and  cannot  be  removed  by  washing  in 
water.  The  calico  to  be  dyed  is  stretelicd  in  per- 
pendicular folds  on  rectangiJar  wooden  frames,  as 
shown  in  Pig.  417,  p.  284.  The  solution  of  indigo 
is  contained  in  stone  cisterns  or  vats,  the  tops  of 
a  level  with  the  ground.     In  preparing 


t,  fifty 


blirrcdiu.    Sulphate  of  iron  r.n 
of  that  metal  dissolved  in  suli'i     , 
oxide  converts   the  blue  inili_.-   1, 
\v!rr!i  tlip  presence  of  the  lime  en. 


■ed  t. 


il;n  blue-dye-house  at  the  print-works  of  Mr. 
I,'  <  ,  'il'  Manchester,  visited  by  the  writer,  a  man 
and  a  hoy  have  the  charge  of  ten  vats.  The  calico 
being  properly  stretched,  the  frame  is  lowered  into 
a  nearly  spent  vat,  and  allowed  to  remain  7.1  minutes; 
it  is  then  taken  out,  and  left  to  drain  for  the  same 
length  of  time,  during  which  it  becomes  of  a  gi-ecu 
colour ;  the  frame  is  then  turned  over  ami  immersed 
in  the  second  vat,  which  contains  a  little  more  in- 
digotin  than  tbe  first ;  after  remaining  in  this  during 
1\  minutes,  it  is  taken  out  and  exposed  to  the  air  for 
another  7i  minutes ;  it  is  treated  in  this  way  \ip  to 
the  tenth  vat,  which  contains  the  largest  amount  of 
dyeing  material.  On  being  removed  from  this,  it  is 
of  a  deep  blue  colour. 

The  colouring  matters  of  arnotto  and  safilower  are 
scarcely  soluble  in  water;  but  they  dissolve  readily 
in  alkaline  liquors,  from  which  they  may  be  precipi- 
tated by  an  acid.  A  piece  of  cloth  being  impregnated 
with  an  alkaline  infusion  of  the  dye  stuff,  is  readily 
dyed  by  passing  it  through  a  weak  acid.  In  practice, 
however,  it  is  fomid  desirable  to  add  the  acid  to  tlie 
alkaline  infusion  of  the  dye  stuff,  so  as  nearly  to 
neutralize  it ;  by  this  means  the  colourmg  matter  is 
held  in  a  state  of  feeble  suspension,  and  readily 
attaches  itself  to  the  surface  of  the  cloth. 

The  last  method  of  dyeing  which  requires  to  be 

iir.t  ierd  in  this  place,  is  practised  only  on  goods  formed 

''  mimal  tissue.    By  this  method,  which  is  called 

'  ',iiii)if/,  an  orange  colour  is  given  to  silk  and 
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wool,  not  from  the  solution  of  a  colouring  matter, 
but  by  producing  a  certain  cliauge  in  the  fibre  by  the 
action  of  dilute  nitric  acid.  The  orange  colour  is 
formed  by  the  decomposition  of  a  poi-tion  of  the  silk 
or  wool  by  means  of  the  acid. 

TVhen  the  cloth  is  removed  from  the  dye-beck,  it 
is  submitted  to  several  finishing  processes,  which 
vary  according  to  the  method  of  dyeing  and  the 
nature  of  the  stuff.  It  is  first  carefully  washed  in 
water,  to  separate  the  coloured  liquid  which  is  me- 
chanically attached  to  the  cloth.  It  is  usually  dried 
at  common  temperatures,  but  occasionally  in  a  well 
ventilated  apartment,  heated  by  steam  pipes.  Deli- 
cate colours  are  always  dried  in  the  shade. 

A  general  idea  of  these  finishing  processes  may  be 
obtained  from  a  notice  of  the  treatment  of  cotton 
goods,  after  having  been  dyed  with  a  vegetable  infu- 
sion, with  the  intervention  of  a  mordant. 

As  soon  as  the  cloth  is  removed  from  the  dye-beck, 
it  is  washed  in  two  stone  cisterns  of  cold  water, 
each  surmounted  by  a  reel.  It  is  next  washed  at 
a  dashwheel ;  or  if  the  action  of  this  machine  be  too 
energetic,  the  rinsing  or  tcashuig  machine,  Eigs.  413, 
415,  page  2S2  ante,  is  used.  The  cloth  still  retains 
an  excess  of  colouring  matter,  which  cannot  be 
removed  by  cold  water :  it  is  therefore  next  rinsed 
in  a  mixture  of  bran  and  boiling  water,  or  in  soap 
and  water.  This  clearing,  as  it  is  called,  is  also  in 
some  cases  performed  by  putting  the  cloth  for  a  few 
minutes  into  a  solution  of  chloride  of  lime. 

After  the  clearing,  all  the  water  is  expelled  by 
squeezing  rollers,  or  by  a  rotatory  apparatus  called 
the  tcater  extractor.  The  wet  cloth  is  put  into  a 
compartment  between  two  cylinders,  and  the  ap- 
paratus made  to  perform  900  or  1,000  revolutions 
per  rainute ;  the  water  is  driven  out  by  the  centri- 
fugal force  through  the  perforations  in  the  cylinder, 
whence  it  flows  away  by  a  gutter  or  di-ain,  and  in 
a  few  minutes  the  cloth  is  nearly  dry. 


The  cloth  is  next  folded  evenly,  and  pass( 
a  length  of  ten  pieces,  through  the  starching  m; 
then  through  a  steam  drying  machine,  wliich  co 


of  several  hollow  copper  cylinders,  each  about  2C 
inches  in  diameter  and  3  feet  in  length,  filled  with 
steam.  Then  comes  the  process  of  calendering,  which 
has  been  already  described  under  that  head. 

DYKE.  Dykes  or  embankments  form  an  ancient 
mode  of  defence  in  time  of  war,  and  examples  of  such 
earthen  outworks  are  still  to  be  found  throughout 
England,  either  surrounding  the  site  of  old  castles  or 
fortresses,  or  forming  a  long  and  continuous  boundary, 
marking  the  ancient  division  of  counties.  The  most 
remarkable  dykes  ai  the  present  day  are  those  of 
Holland,  employed  as  a  means  of  defence  against  the 
sea,  which  is  ever  threatening  to  overwhelm  that 
extraordinary  country.  The  greater  part  of  HoUand 
is  below  the  sea-level,  and  consists,  in  fact,  of  land 
gained  from  the  sea.  Old  historians  speak  of  it  as 
in  the  beginning  no  other  than  a  sand-bank  or  more 
high  place  than  ordinary,  over  which  the  tides  usually 
flowed.  Tliis  accumulation  of  sand  checked  the 
waters  of  the  Rhine,  and  formed  a  bank  against  them, 
so  that  the  mud  brought  down  by  that  rapid  river 
settled  on  the  shores,  and  after  long  and  frequent 
inundations  produced  pastures.  Nature  thus  inviting, 
industrious  hands  were  soon  fomid,  to  heap  up  the 
sand  seawards,  and  to  keep  as  much  as  possible  of 
the  soil  thus  gained.  But  this  soil  was  liable  to 
frequent  inundations,  and  thus  a  great  loss  of  life  and 
property  occurred  to  those  who  had  laboured  to 
snatch  a  home  from  the  very  grasp  of  the  waves. 
The  history  of  one  province  in  particular  (Eriesland) 
abounds  with  these  fearfid  details.  But  the  inhabit- 
ants, with  wonderful  tenacity,  clung  to  their  territory, 
and  built  up  as  fast  as  the  sea  pulled  down  their 
dykes  and  entrenchments.  The  province  was  inun- 
dated in  the  sixth  and  eighth  centimes,  and  twice  in 
the  ninth  century.  Li  the  twelfth  century  there 
were  two  inundations,  and  in  the  thirteenth  there 
were  no  fewer  than  nine  of  these  fearful  visitations, 
and  several  of  them  caused  important  changes  in  the 
features  of  the  country :  for  instance,  by  that  of  1237 
the  island  of  Vlieland  was  formed ;  that  of  1277  gave 
rise  to  the  Gulf  of  DoUart,  and  swept  away  forty- 
foiu-  villages;  and  that  of  12S7  caused  the  Zuider 
Zee  to  assume  its  present  extent  and  shape,  while 
SO.OOO  persons  lost  their  lives  in  the  inundation.  A 
repetition  of  such  calamities  occurred  during  the  three 
succeeding  centuries,  until,  in  the  sixteenth  century, 
after  a  severe  visitation,  which  swept  away  in  differ- 
ent parts  of  Holland  about  a  huudi-ed  thousand 
people,  an  improved  method  of  constructing  the 
(i;  kc5,  fii-st  attempted  at  the  beginning  of  that  cen- 
;  V.  was  more  generally  pi-actised,  and  a  law  passed 
■  rnforce  the  keeping  of  them  up  by  the  owners  of 
I.  lie  laud.  Very  strong  embankments  were  formed, 
of  timber  filled  in  with  large  stones,  and  covered  with 
earth.  The  dykes  were  raised  in  some  places  thirty 
feet  above  the  ordinary  level  of  the  cotintry,  with 
sufficient  width  at  the  top  to  form  a  roadway.  Towards 
the  end  of  the  sixteenth  century,  the  practice  came 
into  use  of  covering  the  side  of  the  dyke  seawards 
with  a  layer  of  flags  and  reeds :  these  were  twisted 
together  "in  bundles,  laid  horizontally  at  the  distance 
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of  three  or  four  yurds  from  cadi  oilier,  and  secured 
to  the  ground  by  stukes.  This  has  been  found 
remarkably  succcssfid  m  retaining  the  earth  of  the 
dyke  in  its  proper  place,  and  breaking  the  force  of 
tlio  -naves.  Thc!>o  flags  are  continued  both  above 
and  below  the  main  action  of  the  water,  and  sur- 
mounting the  whole  are  piles  driven  into  the  dyke, 
and  having  numbers  attached  to  them,  which  arc 
referred  to  by  the  engineers  charged  with  the  main- 
tenance of  the  banks.  Such  arc  the  preparations 
seaward :  towards  the  land,  also,  the  dyke  is  well 
and  strongly  supported  with  pUes  and  planking  filled 
in  with  stones,  and  covered  with  earth  aud  turf.  Of 
course  this  method  of  forming  a  dyke  is  not  the  in- 
variable one ;  another  is  thus  given  in  Murray's 
Handbook  : — "  The  first  thing  necessary  in  the  con- 
struction of  these  bulwarks  is  to  secure  a  firm  soKd 
foundation,  snflttciently  strong  to  support  the  immense 
weight  to  be  laid  upon  it,  by  ramming  do\^Ti  the  soil, 
and  by  laying  a  substratum  of  clay,  or  by  driving  in 
piles,  when  it  is  incoherent.  Were  the  foundations 
weak  and  porous,  the  water  would  dissolve  and  under- 
mine it,  and  the  dykes  sink  down  into  a  hollow.  The 
rampart  is  composed  as  far  as  possible  of  clay :  when- 
ever that  material  is  dilficult  to  procure,  the  face  of  the 
dyke  is  made  of  play,  and  the  interior  of  earth,  sand, 
and  clay  ;  but  clay  aluiie  is  preferred,  as  being  water- 
proof. The  face  of  the  dyke  at  the  water-side  is 
made  very  sloping;  in  river-dykes  generally  rising 
one  foot  in  four  or  sis,  and  in  the  great  sea-dyke  of 
Cappel  still  more  gradually,  as  one  foot  in  tliirteen : 
it  is  protected,  or  in  a  manner  thatched,  by  willow- 
twigs,  interwoven  so  as  to  form  a  sort  of  wicker- 
work,  and  the  interstices  are  filled  up  with  clay, 
puddled,  to  render  it  compact.  This  wicker-work  is 
renewed  every  three  or  four  years,  occasioning  a 
considerable  consumption  of  willow-boughs  ;  aud  the 
willow-tree  is  cxdtivated  to  a  great  extent  for  this 
purpose.  The  dykes  are  frequently  planted  with 
trees,  as  their  spreading  and  interlacing  roots  assist 
greatly  in  binding  the  earth  together.  The  base  is 
often  faced  with  masonry,  and  protected  by  vast 
heaps  of  stones  brought  from  a  distance,  aud  by  rows 
of  piles  driven  into  the  ground  to  form  breakwaters 
to  the  fury  of  the  waves."  The  njiper  part  is  covered 
with  turf,  aud  rises  sometimes  to  the  height  of  40 
feet.  .  .  .  The  most  stupendous  of  these  embank- 
ments are  the  Dykes  of  the  Helder,  and  of  West 
Cappel,  at  the  western  extremity  of  the  island  of 
Walcheren.  The  annual  expense  of  keeping  in  order 
each  of  them  alone  amounts  to  75,900  guilders 
(about  6,400/.);  while  the  sum  total  annually  ex- 
pended throughout  Holland  m  the  repair  of  dykes 
and  regulation  of  water-levels  varies  from  5,000,000 
to  7,000,000  guilders  (nearly  000,000/.)." 

A  scientific  corps  of  engineers  is  constantly  and 
■nlioUy  employed  in  watching  the  state  of  the  waters 
and  guarding  against  accidents.  In  winter  these 
officers  especially  watch  the  most  dangerous  spots, 
erecting  there  the  necessary  magazines  containing 
stores  and  implements,  so  as  to  be  ready  at  a  moment's 
warning.      Watchmen  patrol  the  threatened  line  of 


I  attack  day  and  night,  r 
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1  the  Slightest  symptom 
:'niploycd  to  strengthen 

fill'  r:,liip:ii1  H  hli'h  :;!.  i)i:    :  1  ,i  ml  ■•  lirl -A  i  f  ■![  their  couiitrj 

■■'"''  ■'■  I        '■''■, 'ia'.;iued,"  says 

il"  -  ■  ■:  ^  I,  ■,•  •■  ■■  '..  ■  ■■■<':  'a!  .:  intense  anx- 
i-,.  i:  .  '  ■:■  ,.  ai,  „uch  lui.c^  observed.  The 
a' '       '  '  '     .',  ilrrs  in  the  ocean  causes  them  to 

a  'I  i  :  1  I  :  1  ho  ordinary  high-water  mark;  aud 
i!  ila;  'III'.  Ill  .ai  lit  the  top  of  the  dyke  so  as  to  flow 
over  It,  Its  ruin  is  inevitable.  When  such  a  calamity 
is  anticipated,  the  alarm-bell  is  rung,  and  every  man 
hastens  to  his  post.  With  the  utmost  rapidity  an 
upper  rampart  is  constructed  upon  the  top  of  the 
dyke  to  keep  out  the  waters.  It  is  incredible  in  how 
short  a  time  a  bulwark  of  this  kind  is  elevated  :  it  is 
a  race  between  the  tide  and  the  embankment.  If 
the  strength  and  solidity  of  the  dyke  be  doubtful,  and 
a  breach  be  apprehended,  large  sheets  of  sailcloth,  or 
mats  of  woven  straw  and  rushes,  are  laid  on  the  out- 
side, in  the  same  manner  as  a  leak  is  sometimes 
stopped  in  a  ship.  This  prevents  the  earth's  being 
washed  away  by  the  action  of  the  waves.  It  must  be 
remembered  that  the  works  raised  on  such  an  emer- 
gency, vast  as  they  arc,  are  only  temporary,  aud  are 
removed  whenever  the  danger  is  past.  Instan-ces  are 
not  rare  in  which  these  precautions  have  proved  quite 
ineffectual,  and  whole  districts  have  been  overwhelmed 
and  lost  for  ever  in  the  sea,  or  in  the  Rhine  and  its 
branches." 

In  the  course  of  railway  operations,  dykes  or  em- 
bankments are  formed  on  a  large  scale,  and  in  many 
instances  with  great  skill  and  caution.  The  details 
of  these  belong  to  the  vast  system  of  which  they  form 
a  part,  and  must  therefore  be  considered  elsewhere. 
See  Railway. 

DYNAMOMETER,  (from  SivaiMn,  strength,  and 
liirpov,  a  measm'c,)  an  instrument  for  ascertaining 
the  relative  strength  of  men  and  animals.  Some 
valuable  information  might  be  acquired  if  we  had 
the  means  of  ascertaining  easily  the  relative  strength 
of  an  individual  at  diS'erent  periods  of  life,  and  in 
different  states  of  health.  In  an  instrument  intended  to 
fulfil  this  object,  invented  by  Mr.  Grahame,  and  im- 
proved by  Dr.  Desaguliers,  a  steel-yard  was  mounted 
in  a  wooden  frame,  and  the  strength  of  an  individual 
was  measured  by  acting  on  the  short  end  of  the  lever, 
so  as  to  produce  equilibrium,  the  position  of  the  weight 
on  the  long  arm  serving  as  a  measure.  Another 
instrument  by  Lcroy,  consisted  of  a  metal  tube  10 
or  12  inches  in  length,  placed  vertically  on  a  foot 
like  that  of  a  candlestick,  and  containing  in  the 
inside  a  spiral  spring,  having  above  it  a  graduated 
shank  terminating  in  a  globe.  This  shank  together 
with  the  spring,  sank  into  the  tube  in  proportion  to 
the  weight  acting  upon  it,  and  thus  pointed  out  in 
degrees  the  strength  of  the  person  who  pressed  on 
the  ball  with  his  hand  " 

A  better  instrument  than  either  of  the  above,  was 
coutrived  by  M.  Regnier,  and  described  by  him  in  the 
second  volume  of  the  Journal  de  I'EcoIe  Poly- 
technique.  It  appears  that  the  celebrated  naturalists 
Buffon  and  Gucueau  dosii-cd  to  have  an  instrument 
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for  asccrtaiiiuig  the  muscular  force  of  a  finger  or  of  , 
a  hand,  and  also  for  estimating  that  of  each  Kiiib 
separately,  and  of  all  parts  of  the  body.  Reguier's 
instrnnient  does  not  satisfy  all  these  conditions  ;  the 
inventor  admits  that  in  the  course  of  his  expe- 
riments he  had  reason  to  be  convinced  that  the  con- 
struction of  the  instrument  was  not  so  easy 
as  might  have  been  expected.  But,  he  says,  "iu 
addition  to  the  use  which  an  enlightened  naturalist 
might  make  of  tliis  machine,  it  was  possible  to  apply 
it  to  many  other  pui'poses.  Eor  example,  it  may  be 
employed  with  advantage  to  determine  the  strength 
of  draught  cattle ;  and  above  all,  to  try  that  of 
horses,  and  compare  it  with  the  strength  of  other 
animals.  It  may  serve  to  make  known  how  far  the 
assistance  of  well  constructed  wheels  may  favour  the 
movement  of  a  carriage,  and  what  is  its  vis  ineriice 
in  proportion  to  the  load.  We  might  appreciate  by 
it  what  resistance  the  slope  of  a  mountain  opposes 
to  a  carriage,  and  be  able  to  judge  whether  a 
carriage  is  sufficieutly  loaded  in  proportion  to  the 
number  of  horses  that  are  to  be  yoked  to  it.  Iu 
the  arts,  it  may  be  applied  to  machines  of  which  we 
wish  to  ascertain  the  resistance,  aud  when  we  are 
desirous  to  calculate  the  moving  force  that  ought  to 
be  adapted  to  them.  It  may  serve  also  as  a  Roman 
balance  to  w  cigh  burdens.  In  short,  nothing  would 
be  more  easy  than  to  convert  it  into  an  anemometer 
to  discover  the  absolute  force  of  the  wind,  by  fitting 
it  to  a  frame  of  a  determined  size,  filled  up  with 
waxed  cloth;  aud  it  would  not  be  impossible  to 
ascertain  by  this  machine  the  recoil  of  fire-arms,  aud 
consequently  the  strength  of  gunpowder." 
This  instrument  is  sho\\'n  in  Eig.  773.    It  consists 


of  a  steel  spring  s  s,  12  inches  long,  bent  into  the 
form  of  an  elhpsis,  and  covered  with  leather  to  guard 
the  fingers  when  it  is  being  sh-ongly  pressed  by  the 
hands.     A  semicircular  plate  of  brass  t  for  receiving 


the  scales  or  graduated  arcs  is  fastened  1 
sprmg  by  means  of  a  piece  of  steel  B,  Fi" 
which  is  attached  by  a  claw  and  screws.     Th( 


graduated  ai'C  is  divided  into  myriogrammes,  and  the 
other  into  kilogrammes;  each  arc  is  sliU  further 
suljdivided  by  points  which  express  the  weight  in 
pounds  marc;  and  the  various  parts  of  the  scale  are 
determined  by  hanging  known  weights  to  one  of  tlie 
extremities  of  the  spring.  On  the  other  branch  of 
the  spring  is  a  small  steel  support  d,  furnished  with 
a  cleft  at  its  upper  extremity  for  receiving  freely  a 
small  copper  lever  e,  wliich  is  kept  in  its  place  by  a  steel 
ymp,  Eig.  77-1,  which  shows  this  part  of  the  machine 


on  an  enlarged  scale.  In  the  centre  of  the  semicircular 
plate  p,  Eig.  772,  a  light  steel  mdex  i  is  fixed  upon  its 
axis  by  a  screw,  and  has  a  double  point  for  indicating 
the  divisions  on  both  scales.  A  small  piece  of  leather  or 
cloth  is  glued  upon  the  lower  side  of  the  circular  part 
p,  to  render  uniform  and  diminish  the  friction  on  the 
plate.  The  upper  point  of  the  index  and  the  scale 
of  myriogrammes  is  used  in  all  experiments  in  which 
the  spring  is  to  be  pulled  iu  the  direction  of  its 
greater  axis  s  s,  and  the  lower  point  of  the  index 
and  the  scale  of  kilogrammes  is  used  when  it  is 
employed  for  experunents  iu  which  the  two  sides  of 
the  spring  are  to  be  compressed.  This  mechanism 
is  covered  with  a  small  brass  plate,  Eig.  775,  resting 
upon  small  eyUndi'ieal 
piUars  n  n  n,  Eig.  772, 
aud  fixed  by  thumb- 
small  plate  is  a  divided 
arc  corresponding  with 
the  first  are  of  the 
machine,  and  by  the 
play  of  a  small  index 
b,  Eig.  774,  under  the 
plate,  the  movements 
of  the  spring  may  be 
ascertained.  The  aper- 
ture 0  admits  a  tumserew  for  the  pm-pose  of  relieving 
or  tightening  the  index  when  requii-ed.  l,  Eig.  773, 
is  a  brass  pallet  with  a  screw  aud  cap,  in  which  the 
lower  pivot  of  the  lever  that  pushes  romid  the  mdex 
plays.  It  acts  like  a  spring,  and  yielding  to  any  sud- 
den concussion,  prevents  the  mechanism  fi-om  being 
deranged,  c,  Eig.  775,  is  a  socket  i-ivctcd  on  the  small 
plate,  in  which  the  upper  pivot  of  the  lever  t  urns. 

In  trying  the  strength  of  the  human  body  by 
means  of  this  instrument,  an  iron  rack  is  provided, 
on  the  lower  part  of  which  the  feet  of  the  person 
must  rest,  and  holding  in  his  hands  a  double  handle 
of  wood,  as  shown  in  Eig.  77G,  he  exerts  the 
strength  of  the  rems  of  his  body  to  compress  or 
flatten  the  elUpse,  the  amount  of  force  exerted  bemg 
indicated  by  the  index.  The  pin  d,  Eig.  774,  pushes 
forward  the  index,  which  always  remains  at  the  place 
to  whicli  it  is  brought.  Eig.  777,  shows  the  method 
of  detemiining  the  strength  of  the  hands  or  the 
muscular  force  of  tlie  arms.     The  person  lays  hold 
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of  tlie  two  sides  of  the  spriu; 
so  that  his  arms  may  bo 
incliued  downwards  at  au 
Regnier  cousiders  this  posltio 
raid  that  ill  which  a  ii.an  ea, 


;  nearest  to  the  centre, 
a  little  stretehed  and 
angle  of  nearly  45°. 
L  to  be  the  most  natui-al, 
exert  liis  whole  force. 


Iho  index 

!,'iamme',,  t 

strength  of  eacli  hand  be  exerted  separately,  the  sum 

of   the  two  will  be  foiuid  equal   to  that  of  both 

f\erted  together.     To   ascertain    the    strength    of 

animals,  the   dynamometer  is  applied   as   shown  in 

Fig.  77S.     The  anunal  is  yukcd  to  the  chains  c  c. 


and  the  foice  which  it  eseits  against  the  fixed 
obstacle  v,  is  sliown  by  the  sides.  The  following 
results  were  obtained  by  M.  Regnier  with  four  good 
liorses  [the  myriogramme  ^  22  lbs.  ]  oz.  2  drs.]  : — 


Foice 


eitod  by  the 


Me.iu 


30 


LMdt 


which  is  equal  to  73G  pounds  uuic. 

This  instrument  does  not  weigh  more  than  Sj  lbs. ; 
but  it  is  liable  to  a  defect  to  wldch  all  springs  are 
more  or  less  subject;  its  elasticity  diminishes  in  the 
course  of  time,  and  consequently  the  scale  becomes 
deranged. 

Other  forms  of  dynamometer  are  shown  in  Eigs. 
779,  780,  and  781.     See  also  Appexdix. 

Fig.  779  is  formed  of  a  band  of  steel  bent  in  the 
middle,  so  as  to  have  a  certain  degree  of  flexibility. 
To  the  expanded  extremity  of  each  limb  is  fLxed  au  arc 
of  u'on,  which  passes  freely  thi-ough  au  opening  in  the 
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other  limb,  and  terminates  outside  in  a  ring  or  a  hook. 
One  of  these  arcs  is  graduated,  aud  represents  m 
pounds  the  force  required  to  bring  the  two  limbs 
nearer  together.  Thus,  if  a  horse  were  pulling  a 
rope  attached  to  a  body  which  he  had  t( 


rope  t 


1  at   a   certain 


^- 


779.    The  force  of 

fraction     exerted  fi^.nH- 

by  the  animal  would  be  setu  by  the  gieatei  oi  less 

bringing  together  ot  the  exticmities  of  the  mstm- 

In  Pig.  780,  the  loice  is  measuied  by  the  col- 
lapsing of  a  spiral  spimg  contained  witlun 
a  cylindrical  case.     A  metal  lod,  occupjmg 
the  axis  of  the  cylindei,  teimmates  at  its 
lower    extremity   in    a    disc    ot    mtfal,    to 
which   one    extremity   of  tin      i  i 
tached.     At  the   otuei   end     i 
a  ring  for  suspending  the  in  ii  I 

upper  end  of  the  spimg  il^^I^  i,  au  t  tlit 
interior  of  the  cylindei  at  the  tup,  so  tli  it 
when  this  instrument  is  suspended,  and  i 
weight  hung  on  the  hook  at  the  bottom, 
the  rod  is  drawn  out  by  the  cc  11  q  sm^  of 
the  spring;  and  byapplymgdiflcK  nt  weights 
the  rod  can  in  this  way  be  &i  idu  itcd  / 

The  dynamometer.  Fig  781,  imcntLd  by  M  Ponce- 
let,  resembles  Regmer's,  aheady  described     It  con- 
sists of  two  steel  sprrngs  connected  at  the  extiemities 
by  a  kind  of  hinge. 
The  upper  spring  is 
furnished    with    ar 
eye  for  suspending    i 
the  instrument,  ; 
the     lower     sprmg 
with  a  hook  for  at- 
taclmig    a    weight. 
The      greater 
weight,  the  greater  •'■''■  '*'• 

the  distance  to  which  the  two  springs  separate ;  and 
in  thn>  way  forces  are  measured,  by  a  contrivance 
similar  to  that  of  Regnier's  instrument. 

EARTHENWARE,  see  Pottkey. 

EARTHS.  This  teim  was  applied  by  the  old 
chemists  to  certain  substances  which  were  supposed 
to  be  elementary,  but  are  now  known  to  be  compoimds 
of  oxygen  and  a  base ;  they  are  mostly  metallic  oxides, 
such  as  alumina,  wliich  is  an  oxide  of  aluminum ; 
barytes,  of  barium;  gluciua,  of  glueinum;  hme,  of 
calcium ;  magnesia,  of  magnesium ;  silica,  of  silicium ; 
strontia,  of  strontium ;  yttria,  of  yttrium ;  zirconia,  of 


^ 


EAU-DE-COLOGNE  is  a  solution  of  certain  es- 
sential oUs  in  alcohol.  It  is  rendered  tui-bid  by  water, 
which  combines  with  the  alcohol  and  Uberates  the  oil. 
This  dehcious  scent  is  manufactured  at  Cologne. 
There  are  24  manufacturers  in  the  city,  several  of 
whom  bear  the  name  of  the  origmal  inventor,  Jean 


Marie  Farina.  Several  millions  of  bottles  are  annually 
esporied.  The  manufactxire  is  kept  secret,  and  a 
great  deal  of  that  which  is  sold  is  spurious.  It  is 
difficult  to  procure  it  genuine  in  Eagland,  and  it  is 
not  easy  by  eitemal  signs  to  detect  the  spurious 
article :  for  the  bottle,  the  seal,  the  description,  the 
signature  of  Farina's  name,  the  paper,  and  the  print, 
are  all  imitated  to  perfection ;  the  only  failure  is  the 
eau  itself,  for  we  have  never  seen  that  successfully 
imitated.  A  German  writer  says  that  in  order  to 
distiuguish  the  genuine  from  the  spurious,  rub  a  few 
drops  on  the  hand,  and  the  genuine  eauwiH  not  smeU 
of  any  spirituous  liquor,  or  of  musk,  or  of  any  foreign 
substance,  but  only  of  the  ethereal  odour  proper  to 
the  water.  Many  recipes  for  its  manufacture  have 
been  published,  but  we  have  no  faith  in  any  of  them. 
The  foUowiag  are  from  Lebeaud's  treatise,  referred 
to  in  oui-  article  on  Distillation  : — 


:..}  ^ 


le  days,  and  then  distil  to  diyness  at 


Distil  at  a  water-bath  until  nothing  comes  over.  A 
better  eau-de-Cologne  may  be  prepared  by  adding  to 
the  above  : — 


These  ingredients  are  not  always  distilled ;  but  the 
whole  are  left  to  macerate  with  occasional  stirring, 
and  the  clear  water  is  then  bottled. 

EBULLITION.  (Latin  ehidlio,  to  boU.)  "OTien 
vapour  is  formed  from  the  surface  only  of  a  liquid, 
the  process  is  termed  evaporatiox;  but  when  tlie 
vapom-  forms  and  escapes  fi-om  all  points  of  the 
liquid  mass,  the  process  is  called  boiling  or  ebullition. 
The  temperature  at  which  vapour  rises  with  sufficient 
force  to  produce  ebullition  is  termed  the  boiling 
point,  and  the  heat  required  to  produce  it  varies  witli 
the  nature  of  the  fluid.  Thus  sulphuric  ether  boils 
at  90°,  alcohol  at  170°,  pure  water  at  212°-  oil  of 
turpentine  316°,  mercury  602°.     The  boiling  point 


of  the  same  liquid  is  constant  under  the  same  condi- 
tions, but  is  liable  to  be  affected  by  a  vaiiety  of 
circumstances,  which  will  be  noticed  presently. 

When  heat  is  applied  to  the  bottom  of  a  vessel 
contaiuing  a  liquid  such  as  water,  there  is  a  continual 
displacement  of  the  liquid  particles :  those  near  the 
bottom  are  first  heated,  expand,  and  thus  becoming 
specifically  lighter  than  the  other  particles,  ascend; 
colder  particles  occupy  their  place,  and  becoming 
heated  ascend  in  their  turn ;  and  thus  a  current  is 
established,  in  which  the  heated  particles  rise  up 
through  the  centre,  and  colder  particles  descend  at 
the  sides,  as  shown  by  the 
direction  of  the  arrows  in 
Pig.  7S2.  By  continuing 
the  process  the  liqmd  par- 
ticles are  not  only  dis- 
placed, but  converted  into 
steam.  If  the  process  be 
carried  on  La  a  glass  ve: 
it  can  be  watched  from  the 
commencement,  especially 
if  the  liquid  contain  some  ■^'*-  '"'• 

powder  insoluble  in  water  and  of  nearly  the  same 
sp.  gr. :  amber  powder  fulfils  this  condition ;  the 
particles  of  the  powder  follow  in  the  course  of 
the  liquid  currents.  As  the  process  continues, 
bubbles  of  vapour  form  on  the  heated  sides  of 
the  vessel,  rise  in  consequence  of  their  levity,  and 
burst  at  or  near  the  surface.  These  bubbles  are 
small  in  size  when  they  first  appear,  but  they  in- 
crease in  ascending ;  those  which  proceed  from  the 
hottest  part  of  the  vessel  or  that  in  immediate 
contact  with  the  fire,  succeed  each  other  with  the 
greatest  rapidity.  Now  in  order  that  these  bubbles 
may  form  in  the  midst  of  the  liquid  mass  which 
presses  upon  them  in  all  dii-ections,  and  ascend 
through  it,  it  is  evidently  necessary  that  the  steam 
or  vapour  of  which  they  are  coaiposed  should  have  a 
tension  or  elasticity  at  least  equal  to  the  surrounding 
pressure.  It  is  this  condition  which  determines  the 
boiling  points  of  different  liquids,  and  also  the  boiling 
points  of  the  same  liquid  imder  different  pressures. 
Hence,  the  first  condition  of  ebullition  is,  that  the 
temperature  be  sufficiently  high  to  impart  to  the 
vapour  such  an  amount  of  elastic  force  as  will  enable 
it  to  overcome  the  pressures  to  which  it  is  subject, 
not  only  from  the  liquid,  but  also  from  the  atmosphere 
which  presses  upon  the  liquid.  The  second  condition 
is,  that  such  an  amount  of  heat  be  present  as  to 
allow  the  vapour  to  absorb  and  render  latent  that 
quantity  which  is  necessary  to  its  existence  at  the 
temperature  required.  From  the  first  condition  it 
foUows,  that  whatever  causes  the  pressure  on  the 
liqidd,  or  the  elasticity  of  the  vapour,  to  vaiy,  changes 
;dso  the  boiling  poiut ;  and  from  the  second  condition 
it  follows,  that  the  rapidity  of  ebullition,  or,  in  other 
words,  the  conversion  of  the  liquid  into  steam, 
depends  on  the  quantity  of  heat  supplied  to  the 
liquid  in  a  given  time. 

The  boiling  point  of  the  same  liquid  is  Kable  Vo 
change  from  several  causes,  which  are  themselves 
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subject  to  considerable  variation :  viz.  1,  the  pressure 
exerted  on  the  surface  of  the  liquid;  2,  the  cohesion 
of  the  particles  of  the  liquid ;  3,  the  natm-e  of  the 
vessel  containing  the  liquid;  4,  the  depth  of  the 
liquid  mass ;  5,  the  substances  which  the  liquid  may 
hold  in  solution. 

1.  Under  orduiary  eireumstanoes,  every  liquid 
which  is  set  to  boil  is  under  the  atmospheric  prcssiu-e 
of  aliMut  15  lbs.  on  the  square  moh  [see  Aiii],  and 
thr  .  :,  .    '  I   ilir  vapour  must  be,  at  least,  equal 

I'  1   form  and  escape  from  all  parts 

I  I  '       \     I  lie  atmospheric  pressure  is  itself 

li;!!i:.  I  i  \  :i  ::i:  I  >:i,  not  oidy  at  the  sameplac?  but  on 
ascending  any  height,  so  the  boilicg  point  of  a  liquid 
is  also  subject  to  corresponding  variations.  At  the 
level  of  the  sea  and  under  the  ordinary  pressure  of 
30  inches  as  indicated  by  the  r.  \!-  '-I'l!  n.  -vntrr 
boils  at  213°Fahr.;  but  on  ll,r     .mm   ,  i    ■:(   ■'.■miI, 

Blanc,  Saussm-e  found   that  v:-! '  ^    ;. 

At  this  temperature  water,  al'linii-ii  Imilhi-,  ;  D.it 
sufficient.y  hot  for  the  pm-poses  of  cooking  food,  and 
instances  have  occun'cd  in  high  mountain  regions,  of 
its  being  impossible  to  boil  an  egg  because  the  water 
was  not  hot  enough  to  coagulate  the  albumen.  Mr. 
Darwin  relates  that  during  an  expedition  to  the  high 
land  in  South  America,  the  sailors  were  not  able  to 
cook  some  potatoes  by  boiUug,  a  fact  wLich  they 
attributed  to  (he  circumstance  of  theurhavmgbrouglit 
out  a  new  tin  pot  for  the  pm-pose,  which  in  soinc 
way  or  other  was  thought  to  bo  defective.  Arcli 
deacon  WoUaston  uivented  an  apparatus,  (or  ratlnr 
perfected  an  invention  of  Palu-euheit  and  Cavallo,) 
for  measuring  heights  by  the  temperature  of  boiling 
water.  It  consisted  of  a  mercurial  thermometer 
with  a  very  lai-ge  bulb,  dipping  into  a  small  portable 
boiler  which  was  heated  by  a  spirit  lamp.  Each 
degree  of  the  scale  occupied  the  space  of  about  an 
inch,  and  by  means  of  a  vernier  the  1,000th  part  of 
a  degree  could  be  read  off.  It  was  found  that  a 
difference  of  barometric  pressm-e  of  0.5S9  inches  was 
equivalent  to  1°  in  the  boilhig  pomt,  or  530  feet  of 
ascent :  and  that  the  difference  of  the  height  of 
a  common  table  from  the  ground  would  produce 
a  difference  in  the  boiling  point,  which  was  pointed 
out  by  the  instrument. 

As  by  diminishing  the  pressure  we  lower  the 
boiling  point,  so,  by  increasing  the  pressure,  the 
boiliug  point  becomes  raised.  In  a  diving-bell,  or  at 
the  bottom  of  a  mine,  water  bnils  at  a  higher  tempera- 
ture, and  is  roll  r(|iH  ;iii\  li'illcr  than  at  the  surface, 
because   I  1m  •     ,i  ^■reater  resistance  to 

overcome,  in;-  *  "mi  ,  .Miter  elasticity,  and  for 
this  pm-posi-  It  Miii-i  liiLi  Mil  ;i  larger  supply  of  heat. 
Wlien  the  elasticity  of  (he  vapoiir  of  a  hquid  is 
known,  its  boiling  point  under  a  given  pressure  can 
easily  be  foimd,  because  this  would  be  the  degree  of 
heat  which  imparts  to  the  vapoiu'  suflioicnt  elasticity 
to  overcome  the  pressure.  So  also  a  liquid  may  be 
made  to  boil  at  any  given  temperature ;  all  that  is 
necessary  being  to  make  the  pressure  less  than  the 
tension  of  the  vapour.  And  it  will  readily  be  seen 
that  these  two  terms  are  convertible;   for,  as  the 


mean  pressure  of  the  atmosphere  is  capable  of  sup- 
porting a  column  of  merc\n-y  30  inches  high,  so  the 
vapour  which  rapidly  escapes  from  water  in  the  act 
of  boding,  having  overcome  the  pressure  of  an  clastic 
fluid  like  the  atmosphere,  must  have  itself  at  least 
the  same  amount  of  elasticity.  Accordingly  we  find 
that  the  vapour  of  water  boiling  under  the  ordinary 
atmospheric  pressure,  will  support  a  column  of  mer- 
cury of  the  same  height  as  the  atmosphere ;  and  the 
tension  or  elasticity  of  aqueous  vapour  is  measured 
by  the  height  of  the  column  of  mercury  which  it  will 
support.    Thus, 


and  so  on,  until  we  arrive  at  such  a  temperature  that 
the  elasticity  of  the  steam  can  no  lonrer  be  restrained 
by  the  sides  of  the  boiler,  which  bursts  with  enormous 
violence.  This  subject  will  be  further  considered 
wider  EvAPOKATioN  and  Steam. 

The  fnrecjoiiig  statements  are  usually  illustrated  by 
\Mi>  IimmiIII'mI  ; I lul  instructive  class  experiments.  One 
!    Ml  •  A\\ithi/dfostaticparado.r.  AFlorence 


over  a  spirit-lamp  e  | 
until  the  water  boils : 
the  steam  issuing 
from  the  neck  of  the 
flask  will  expel  the 
air,  and  while  the 
steam  is  thus  issuing, 
an  accurately-fittiug 
cork  s  must  be  in- 
serted, and  tills  may 
be  made  further  air- 
tight by  tyuig  a  piece  of  moist  bladder  o- 
a  portion  of  the  neck.  The  flask  may  now  be  set 
aside  for  a  few  minutes,  uutd  it  has  cooled  consider- 
ably :  it  is  then  to  be  immersed  into  cold  water  w,  con- 
tained in  a  glass  vessel  ii,  when  the  water  iu  the  flask 
will  begin  to  boil  asain  with  a  violence  pro|iorfionatc 
to  the  coldness  of  IIm-  «;iiri,  '111,  Immii'iI'iiI  Mxpeii- 
ment  admits  of  ca-\  <        ...         \\.  i' i-k  is 

plunged  into  eolil  .:      i  ;       I  with 

steam:    the   cold    i ■.Ii:i1m;_\    m,  im!.  m  i  ^    I'li.   i,ito 

water,  leaving  a  vacuum,  and  coii.vequiiitly  no  pres- 
sm-e above.  The  heat  left  in  the  water  is  sufficient 
to  make  it  boil,  and  it  continues  to  do  so  until  a 
fresh  atmosphere  forming  above  it  exerts  a  pressure 
sufiicient  to  prevent  any  further  ebullition  at  the 
temperature  of  the  flask.  If,  however,  the  flask  be 
plunged  into  ice-cold  water,  the  steam  will  be  agam 
condensed,  and  the  boiling  will  go  on  as  before. 
Thus  it  will  be  seen  that  boiling  may  go  on  at 


almost  any  temperature,  provided  the  pressm-e  be 
removed.  A  glass  of  warm  water  under  the 
of  ail  aii'-pump  will  boil  wlien  the  air  is  piunped  out ; 
but  the  vapour  tliat  rises  from  it  soon  aceimiulates, 
and  takes  the  place  of  the  air  in  exerting  a  pressure, 
which  puts  au  end  to  the  boUiug.  To  remedy  this, 
M.  PouUlefc  contrived  an  apparatus,  in  wliich  the 


5  absorbed  as  fast 


formed.  It  consists 
of  a  copper  cylinder. 


this   i 

place,  a  cylindrical 
cage  of  wire,  full  of 
fragments  of  quick- 
lime, is  placed  in  the 
copper  cylinder.  At 
the  lower  part  is  a 
tube  p,  which  is  con- 
nected with  au  ex- 
hausting syringe  or 
with  an  aii'-pump, 
■'■'v-  'SI-  for  making  the  va- 

cuum. At  the  upper  part  are  two  bent  tubes, 
10  which  are  attached  by  screws  the  glass  globes 
or  other  vessels  containing  the  liquids  which  are 
to  be  boiled.  By  this  arrangement  cold  water  may 
lie  made  to  boil  as  easily  as  hot,  and  even  at  the 
freezing  temperature  it  may  be  seen  in  violent 
ebullition.  The  difficulty  of  conveying  a  complete 
inteUigeuce  of  expcrmients  of  tliis  kind  consists  in 
the  popular  ideas  connected  with  boiling.  That  a 
liquid  should  boil  and  not  be  hot  seems  to  imply  a 
contradiction  ;  but  wo  must  consider  that  the  defi- 
nition of  boding  is  "  the  rapid  formation  of  vapom-  at 
all  points  of  a  liquid,"  and  that  under  ordinary  circuin- 
slauces  this  formation  of  vapour  camiot  take  place, 
on  account  of  the  prc--^  i ; .  n  i  i  i  i  -,  ;  1 1  . ,  >  - ;  -here  upon  't, 
which  is  equal  to  aljniM   I.;       -  >  square  inch. 

Before  the  liquid  cau  i  -  i,  k  .  ,  !iic  must  be 
removed,  and  the  remo\al  la  ubuum  L.icctcd  byheat. 
If  it  were  not  for  this  pressure,  it  would  be  difficult, 
and  in  many  cases  impossible,  to  procui-e  hot  water. 
BoUiug  water  might  be  at  aU  tunes  procured  with 
the  greatest  faeUity ;  but  it  would  not  be  hot,  because 
the  water,  having  little  or  no  resistance  to  overcome, 
would  burst  into  vapour  at  the  first  application  of 
heat,  just  as  it  does  in  M.  Ponillet's  experiment  on 
the  removal  of  the  pressm-e.  Indeed,  if  it  were  not 
for  the  pressure  of  the  atmosphere,  the  great  waters 
of  many  parts  of  the  earth  woidd  boil  from  the  action 
of  the  solar  rays,  and  its  existence  in  the  liquid  state 
would  in  many  cases  be  impossible. 
Dr.  Franklin's  pulse  glass,  Pig.  7S5,  shows  this 
s  property  of  li- 
quids   in    a    sti  iking 

^  two  glass    balls    con- 
nected   by   a    slender 


Q  ""''''  0  "> 


tube.    One  of  them,  a,  is  fdled  with  water,  and  a 


opening  is  left  at  the  top  of  the  other.  On  causing  the 
water  in  a  to  boil,  the  vapour  produced  by  it  will  expel 
all  the  air  from  the  instniment,  and  when  nothing 
but  steam  issues  from  the  opening,  it  is  closed  up 
with  a  bit  of  wax,  and  the  flame  of  a  lamp  being  urged 
upon  it  with  a  blow-pipe,  will  close  it  hermetically. 
When  the  instrument  is  cold,  grasp  the  baU  a  m  the 
hollow  of  the  hand ;  the  heat  of  the  hand  will  expand 
the  bubble  of  vapom-  in  it,  and  this  vapour  will  di-ive 
the  water  into  b,  and  blowing  up  through  it  will  keep 
the  water  in  b  in  a  state  of  violent  ebullition  so  long 
as  there  is  any  water  in  a.  Dm-ing  this  action  b  must 
be  kept  cold,  in  order  to  condense  the  vapour  as  fast 
as  it  rises  up  through  the  water.  If  we  touch  b  with 
the  warm  hand  or  breathe  upon  it,  the  boiling  ceases. 
When  the  water  in  a  has  all  been  diiven  into  b,  grasp 
B  in  the  hand ;  the  water  will  be  driven  into  a,  and 
the  ebullition  wUl  go  on  in  it  as  it  did  in  b.  While 
the  boiling  is  going  on  in  one  bulb,  the  other  will 
convey  a  sensation  of  cold  to  the  hand  in  consequence 
of  the  rapid  absorption  of  the  heat  by  the  particles 
of  water  converted  into  elastic  vapom-.  This  little 
toy  may  be  suspended  in  the  middle  of  the  tube  like 
a  balance,  and  tlius  be  placed  in  the  inside  of  a  window 
having  two  holes  a  and  b  cut  in  the  pane  in  such  a 
situation  that  when  a  is  full  of  water  and  preponderates, 
B  is  opposite  the  hole  b.  When  the  room  is  sufficiently 
warm  the  vapom-  in  a  drives  the  water  into  b,  which 
is  kept  cool  by  the  air  from  wiih-  .:  ,.;,  ;  ,: .  ilnuugh 
theholei.    Bthenpreponderaii  .|  (M.siie 

the  hole  a  the  process  is  nji.  I  .  ,  ■  ^  |inaite 
direction.  Alcohol  or  ether  iiiv^^^.  v.  ;;U  Laimuie  are 
sometunes  used  instead  of  water,  and  act  with  greater 
facility. 

The  boiling  of  liquids  at  low  temperatures  depending 
on  low  pressm-es,  is  of  great  importance  in  the  useful 
arts.  In  the  refining  of  sugar  the  syrup  is  in  this 
way  concentrated  to  the  granulating  point  without 
risk  of  decomposition,  as  there  was  before  the  intro- 
duction of  this  plan.  [See  Sugab,.]  A  similar  plan 
has  been  adopted  in  the  preparation  of  certain  raedi- 
cmal  substances,  the  projierties  of  which  are  easily 
impaired  by  heat.  [See  Extract.]  So,  on  the 
contrary,  by  exposing  liquids  to  an  increased  pressure, 
we  raise  their  boiling  points  in  a  proportionate  degree. 
Thus  in  Papin's  digester,  [see  Digestek,]  the  steam 
wliich  is  formed  from  the  water  having  no  means  of 
escape,  it  exerts  a  pressure  upon  the  water,  and  pre- 
vents the  further  formation  of  steam  until  the 
temperature  of  the  water  rises  above  the  boiUng  point. 
This  heat  being-  conveyed  to  the  steam,  it  now  receives 
another  portion  of  vapour  without  being  condensed ; 
and  thus  the  quantity  and  elasticity  of  the  steam  are 
contmually  increasuig  with  the  temperature.  Water 
has,  in  this  way,  been  raised  to  the  temperature  of 
between  400°  and  500°.  Under  such  circumstances 
the  solvent  powers  of  water  are  greatly  increased, 
some  examples  of  which  are  given  in  the  article 

2.  M.  Pouillet  has  suggested  that  the  cohesive 
attraction  of  the  liquid  may  have  some  influence  in 
modifyini!;  the  principle,  that  at  the  boiluig  point  the 


elastic  force  of  the  vapoui-  is  equal  to  the  supermcuin 
beut  pressure.  lu  fact,  the  small  globules  ol  \apoiir 
not  being  able  to  form  -n-ithout  overcoming  the  cokt  u 
attraction  of  the  liquid  particles  which,  surround  tl  t 
on  all  sides,  an  additional  clastic  force  due  to  a  sh^,!  t 
increase  of  heat  is  required  beyond  that  which  is 
necessary  to  overcome  atmospheric  pressure  When, 
however,  the  globules  are  once  formed,  the  effect  ot 
cohesion  is  less  effective,  for  being  once  overcome 
the  globules  expand  with  a  sort  of  sprina:  whicl 
contributes  greatly  to  the  disturbance  of  the  liqi  1 1 
If  water  be  eutii-ely  free  from  air,  so  that  the  coht  i 
of  its  particles  may  act  with  the  greatest  effect,  it  c  u 
with  certain  precautions  be  heated  to  275°  without 
the  cohesion  of  the  particles  giving  way,  oi,  m  othei 
words,  without  boding.  Some  remarkable  espeimients 
ou  this  subject  are  described  in  the  article  Coulsion 

3.  It  is  a  remarkable  fact  that  the  boiluig  pou  t  of 
liqmds  is  affected  by  the  nature  of  the  vessel  cont  iimng 
them.    Water  boUs  a  few  degrees  higher  iu  a  Eloienct 
flask  than  in  an  open  vessel,  and  at  a  tempentuii.  ' 
higher  iu  glass  than  in  metal,  and  it  is  only  m  c] 
vessels  of  metal  that  the  boiliug  point  is  icgi  1 
Liqmds  are  converted  into  vapour  more  casdy  wh   i 
they  are  placed  in  contact  with  angular  and  iinev  eu 
surfaces   than  when  the   surfaces   are   smooth   aul 
polished.    If  a  twisted  piece  of  cold  ii'on,  metalln, 
filings,  or  other  fmelj-dividod  insoluble  mateu  Js,  be 
dropped  into  water  in  a  glass  flask  which  his  just 
ceased  boiliug,  the  boiling  will  be  resumed     Ethei 
heated  in  a  glass  vessel  had  its  boiling  point  loweie  1 
several  degrees  by  the  introduction  of  a  few  shiviu 
of  cedar;  and  alcohol,  sp.  gr.  .849,  had  its  boil 
iwint  reduced  in  the  same  way  between  30°  ind  i 

If  oil  be  present  with  water,  the  boiling  pomt  of  tht, 
water  is  raised  a  few  degrees  in  any  kind  of  vciscl 
K  a  glass  vessel  be  made  perfectly  clean  by  viashmg 
it  with  sulphuric  acid  or  with  potash,  water  may  be 
raised  in  it  without  boiliug  to  220°.  The  adhesion 
between  the  water  and  the  vessel  is  probibly  the 
cause  of  this  ii-regularity ;  for  where  the  vessels  ait 
thinly  coated  with  sulphur,  lac,  or  other  mateual 
wliich  has  no  adhesive  attraction  for  water,  the  boilmg 
point  is  sensibly  lower  than  in  clean  metaUic  ve3<;els 
According  to  M.  Marcet,'  the  temperatuie  of  tl  e 
vapour  from  boiliug  water  is  the  same  as  th  it  of  the 
water  itself,  only  when  the  vessel,  whether  of  glass 
or  of  metal,  has  a  thin  internal  coating  of  some 
substance  which  has  no  sensible  adhesion  foi  watei. 

4.  When  the  mass  of  liquid  to  be  boiled  has  con- 
siderable depth,  the  inferior  particles  liave  to  support, 
in  addition  to  the  pressure  on  the  surface,  the  pressure 
due  to  the  whole  liquid  column.  If  we  suppose  a 
Ijoiler  full  of  water  to  have  a  depth  of  32  feet,  the 
bottom  layers  would  be  under  a  pressure  of  two 
atmospheres,  and  consequently  the  globules  of  vapour 
could  not  form  at  a  lower  temperature  than  250°, 
wliioh  is  the  boiling  point  of  water  at  this  depth  and 
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undei  this  piessme     But  the  uppei  livcis  wlich  die 

uilti   lit  lit  buib  of  ouly  one    dmosphfit,  boil  at 

I     n  the  bottom  up^aids  steiin  is 

^  tempci  ituies  between  2o0°    ind 

1  1  1  b  ot  vapoui  foimed  at  oi  neai  the 

bjUuii    t  I  lib  1^1  tempeiatuie,  ascend,  and  becoming 

suddenly  condensed  by  the  coldei  nppei  lajeis,  piod  ice 

those  sudltn  jeiks  which  aie  olten  mconvcnieut  and 

nt      1         ijib  m   1    ilii^'  luge  misses  of  bqmd 

\\  li  I  ad  is  sunll,  a  smging, 

d    as  m  a  kettle  oi  a 

I  The  bottom  of  the 

I  r     11  lumeates  its  heat 

to  the  \  Uli  m  i         eious  mmute 

bubbles  of  hi^hl  I       ul,  as  these 

sepaiate  tiom  th    I  1  ust  m  by  the 

piessuie  of  the  liu  1    u  I  il     1  \  u  temperatuie,  and 

the  mass  of  watti  is  thus  tliiouu  into  a  lipid  and 

uu  Kim  iibiatioii  pioducinj,  a  inusicil  tone,  which  is 

^   1     1  moi     icit     i  c     Im^  is  tl     1  ibbks  buist 

1  I  1  the 


close  bodti 


ud  t 


mod  1 


01  en 


nuuth  of  the  diimetti  of  Hh  or  -iths  ol  a 
do\in  below  the  sutf  ice  ut  cold  ^^attl  m  a  ghss  j  u 
When  the  mouth  ot  tin.  stii  i  pipe  is  held  just  bclo  v 
the  suit  ice  of  the  watei,  the  steim  issues  in  gicat 
lapithtv  in  small  bubbles  pioducmg  lu  acute  tone, 
iJ  uu  th  othei  lull  \\]  u  tl  1  ipe  IS  held  at  a 
I  become   moic 

Ut  the  shocks 
1  II  c    u    hike  the  ^lass 

md  suuuundm^  objects  with  luueh  Ijrce  '  Piofcssor 
Eobison  has  also  lemaiktd  th  it  if  we  suddenly  plunge 
a  lump  of  red  hot  uon  mto  a  vessel  of  cold  -natei, 
taking  caie  tint  no  red  part  be  near  the  surface,  and 
apply  llic  hand  to  the  side  of  the  vessel,  a  most  violent 
tremor  is  ielt  and  sometimes  stiong  thumps  aiismg 
fiom  the  collipsing  of  veiy  large  bubbles  If  the 
uppei  pait  of  the  uon  be  too  hot  it  \iaims  the  sui 
rounding  w  itei  so  much  th  it  the  bubbles  fiom  belo^\ 
come  up  thiough  it  uncondensed,  and  produce  ebuUi 
tion  wi  bout  concussion  The  gieat  lesemblance  of 
this  tremor  to  the  sensation  expeuenced  duimg  the 
shock  of  an  eaithqnake,  has  led  some  to  suppose  that 
the  shock  IS  pioduccd  by  the  sudden  contact  ol  m 
candescent  matter  with  water. 

5.  The  boiling  point  of  a  liquid  is  not  changed  by 
substances  meehaiiically  suspended  in  it,  such  as 
sand ;  but  it  is  always  changed  by  the  presence  ot 
bodies  which  combine  chemically  iiith  it.  All  the 
soluble  salts,  for  example,  raise  the  boiling  point  of 
water ;  nevertheless  the  vapour  from  these  solutions 
consists  of  water  perfectly  pure,  without  any  trace  of 
the  substances  dissolved.^     The  following  are  the 


mber  of  satui'ated  solutions  of 


Couneoted  with  the  subject  of  ebullition,  and  inte- 
resting also  in  an  industrial  point  of  view,  are  the 
phenomena  presented  by  liquids  on  the  surface  of 
highly  heated  metals.  The  Editor,  writing  on  this 
subject  so  far  back  as  the  year  1836,'  has  the  foUow- 
ing  remarks: — "When  water  falls  upon  a  red-hot 
iron  plane  surface,  it  suddenly  divides  into  drops  — 
each  drop  assumes  a  spherical  form,  and  remains  upon 
the  plate  longer  than  would  seem  natural,  considering 
the  high  temperature  to  which  it  is  exposed.  Now, 
if  a  platinum  crucible  be  brought  near  to  a  white 
heat,  and  water  be  allowed  to  fall  into  it  drop  by 
drop,  the  crucible  may  be  nearly  half  filled  with  water, 
and  be  kept  in  this  state  for  some  minutes  without 
any  perceptible  evaporation.  A  piece  of  cold  glass 
or  metal  will  receive  no  deposit  of  moisture,  if  held 
for  a  moment  within  the  crucible,  and  the  water 
suffers  diminution  almost  imperceptibly.  In  this 
state  the  water  will  be  observed  to  be  in  rapid 
motion,  'rotating  about  an  axis  perpendicular  or 
nearly  so  to  the  lowest  point  of  the  dish,  and  at 
tlie  same  time  its  figure  changes,  and,  from  being 
circular  in  its  horizontal  section,  becomes  of  an 
irregidar  oval,  which  contracts  and  dilates  alternately 
as  the  mass  revolves ;  the  transverse  axis  contracting 
until  its  place  is  occupied  by  the  conjugate,  and  vice 
versa.  The  direction  of  this  rotation  is  not  a*-  all 
unifonn,  and  the  mass  sometimes  becomes  quiescent, 
and  then  assumes  motion  in  an  opposite  direction. 
Wlien  this  state  of  things  first  begins,  vapour  some- 
tunes  bubbles  or  bursts  up  through  the  liquid ;  but 
when  fully  established,  it  is  most  copiously  given  off 
below.  In  fact,  the  appearance  is  that  of  a  stratum 
of  vapour  between  the  water  and  the  bowl,  which 
becomes  at  times  visible  when  condensed  at  the 
edges.'  '  This  description,  which  applies  to  water  in 
a  heated  copptr  bowl,  expresses  with  tolerable  accu- 
racy the  |>lic ;i!;:  |in   ridrd  by  water  in  a  heated 

platin\uii  <■■,:  Imwever,  depends  on  the 

quautilv  "1  .1  li,  ;iiid  the  kind  of  sui-face 

upon  wliii  !i  -I  111  h  i|[c  platinum  crucible  be 
large,  and  liie  Ijultom  :^lightly  convex  within,  the 
n  reaching  the  bottom  divides  into  globules. 


each  of  wliich  is  a  perfect  sphere,  and  rotates  with 
great  rapidity  on  its  vertical  axis,  and  at  the  same 
time  it  has  a  dancing  onward  sort  of  motion.  If  the 
bottom  of  the  crucible  be  quite  flat,  and  be  kept 
exactly  horizontal,  similar  effects  ensue ;  but  the 
experiment  succeeds  best  when  the  interior  of  the 
crucible  is  a  portion  of  a  hoUow  sphere,  and  the  inner 
surface  perfectly  clean  and  bright.  The  water  must 
fall  in  slow  drops,  or  the  surface  of  the  metal  wUl  bs 
wetted,  and  steam  generated ;  but  if  the  drops  follow 
each  other  with  moderate  slowness,  an  atmosphere  of 
steam  is  immediately  formed,  which  surrounds  the 
globule,  prevents  its  contact  with  the  heated  metal, 
and  so  protects  it  from  vaporization.  These  facts 
are  remarkable  enough,  and  it  is  no  less  remarkable 
that  if  the  source  of  heat  be  removed,  and  the  cru- 
cible allowed  to  cool  for  a  few  minutes,  a  portion  of 
the  water  will  suddenly  burst  into  vapour  and  be 
dissipated." 

In  the  paper  already  referred  to,  the  Editor  was 
the  first  to  show  that  other  fluids  behaved  in  the  red 
hot  crucible  in  a  mamier  sunilar  to  that  of  water. 
The  liquids  tried  were  pyroligneous  ether,  sidphui'ic 
ether,  alcohol,  and  mercury.  Oil  of  turpentine,  olive 
oil,  and  sulphuric  acid  were  decomposed.  In  the 
"  Student's  Manual  of  Natural  Philosophy,"  pub- 
lished in  1838,  the  Editor  made  the  following  obser- 
vations : — "  If  a  polished  metallic  vessel,  such  as 
a  platinum  crucible,  be  brought  to  a  red  or  white 
heat,  and  several  drops  of  water  be  allowed  to  fall 
into  it,  they  unite  into  a  globule,  which  spins  rapidily 
round  without  ebullition.  .  .  It  is  necessary  to  the 
success  of  this  experiment,  that  the  globule  be  not 
in  contact  with  the  heated  metal  ^  and  accordingly 
we  find  that  if  the  vessel  be  removed  from  the  source 
of  heat,  and  allowed  to  cool  down  to  a  certain  point, 
a  portion  of  the  water  flashes  into  steam  by  coming 
into  contact  with  the  heated  metal.  The  author  of 
this  work  has  found  that  these  phenomena  apply  also 
to  ether,  alcohol,  mercuiy,  and  many  saline  solutions, 
but  not  to  oils.  He  has  also  varied  the  experiment 
by  employing  a  fixed  oil  at  the  temperature  of  450° 
or  500°,  instead  of  the  heated  metal.  When  turpen- 
tine is  dropped  upon  it,  it  forms  a  disk  with  a 
perfectly  well  defined  edge :  the  disk  rotates  rapidly 
in  a  horizontal  plane,  and  soon  disappears  by  evapora- 
tion. If  several  drops  of  sulphmio  ether  be  placed 
upon  the  heated  oil,  they  unite  and  form  one  large 
globule,  which  appears  to  be  a  perfect  sphere :  this 
rotates  with  great  rapidity  upon  its  axis,  and  moves 
rapidly  over  the  sui-faoe  of  the  oil.  If  now  we  place 
a  drop  of  water  upon  the  heated  oU,  it  wUl  form 
a  similar  figure  to  the  ether,  and  behave  in  the  same 
mamier  for  an  instant  or  two ;  but  when  the  two 
globules  come  near  each  other,  they  unite  and  form 
one  drop,  which  continues  to  rotate  until  it  disappears 
by  evaporation ;  or  as  it  sometimes  happens,  the  drop 
formed  by  the  union  of  ether  and  water  sinks  below 
the  sui'face  of  the  oil,  bursts  into  vapour,  and  scatters 
the  oil  about  with  considerable  force.  Hence  much 
caution  is  required  in  conducting  this  experiment. 
In  some  cases,  however,  when  the  globule  sinks  below 


the  sui-face  of  the  oil,  au  equable  atmosphere  of 
vapour  is  formed  around  it ;  so  that  Lceomiiig  spcci- 
fieally  lighter  thau  tlie  oil,  it  is  iustantly  thrown  up 
again  to  the  surface  without  burstmg  iuto  vapour, 
and  it  continues  to  rotate  on  the  surface  of  the  oil 
as  before.  .  .  Alcohol,  pyroligneous  etlier,  naphtha, 
and  bisulphuret  of  carbon  form  globules  on  the 
surface  of  hot  oil;  which  globules  behave  in  the 
same  manner  as  sulphuric  ether.  Ether  also  forms 
a  rotating  globule  on  the  surface  of  hot  water  and 
hot  mercury.  If  sulphui'ie  acid  be  heated  to  about 
400°,  and  a  drop  of  ether  be  placed  on  tlic  sui-face,  it 
forms  globules  which  dart  about  with  astouishiiiu: 
rapidity:  alcohol  also  forms  globules:  liiil  il;!  ili 
and  turpentine  form  disks  which  soon  dis;!]. I 
decomposition,  and  their  carbon  blackens  il 
Li  all  these  experiments,  the  drops  of  waUi  wm 
placed  upon  the  hot  sm-faces  by  means  of  a  pipette, 
which  allowed  them  to  be  placed  ou  very  gently.  It 
is  curious  that  water,  whose  sjiecific  gravity  is  so 
much  greater  than  that  of  hot  oil,  should  rest  upon 
it  and  move  about  with  rapidity;  but  in  all  these 
cases  the  globules  of  -water,  ether,  &c.,  are  surrounded 
by  steam,  which  serves  as  a  sort  of  cushion  for  them 
to  rest  upon,  and  preserves  them  from  contact  Avith 
the  licated  surface  whether  of  metal,  oil,  or  sulphuric 

In  tlie  year  ISio,  the  Editor  had  the  pleasure  of 
witnessing  in  the  laboratory  of  King's  College, 
London,  some  beautiful  experiments  by  M.  Boutiguy 
of  Evreux.  This  gentleman  freely  admitted  the 
Editor's  priority  in  the  results  above  stated,  and  he 
also  showed  a  number  of  beautiful  experiments  which 
tend  to  throw  additional  light  on  this  curious  condi- 
tion of  water,  which  he  terms  the  "spheroidal  state." 
In  the  first  place,  M.  Boutigny  proved  that  a  red  or 
white  heat  is  not  necessary  in  order  to  throw  water 
into  this  globular  or  spheroidal  foi-m,  for  on  dropping 
some  water  into  a  saucer  of  lead,  a  metal  which  melts 
long  before  it  becomes  luminous  in  the  dark,  the 
w  ater  rolls  about  like  a  little  crystal  ball  for  a  con- 
siderable tune.  A  spheroid  of  water  was  formed  in  a 
metallic  capsule  floating  on  oil  heated  to  not  more 
than  340°,  which  is  about  600°  below  what  is  usually 
termed  "  red  heat."  Liquids  more  volatile  than 
water  become  spheroidal  at  still  lower  tcnipornluirs  : 
Alcohol  at  273°;  ether  at  140°;  and  it  w;is  f,.,,,,,!  i,. 
general  that  those  liquids  which  require  tl:  ' 
tcmpcratm-e  for  boiling,  require  also  the  lii_ii>  :  i  i 
make  them  assume  the  spheroidal  state. 

Water  and  other  liquids  in  the  spheroidal  state 
disappear  by  slow  evaporation.  A  quantity  of  water 
which,  under  ordinary  circumstances,  would  bod  away 
in  one  minute  at  the  temperature  of  212°,  will,  if 
thrown  into  a  vessel  heated  nearly  to  redness,  require 
little  less  than  an  hour  for  its  total  dispersion. 

The  temperature  of  water  in  the  spheroidal  state 
was  ascertained  in  the  following  manner.  Let  a  large 
spheroid  of  water  be  formed  in  a  tolerably  thick 
crucible  of  platinum  or  silver,  and  the  bidb  of  a  small 
and  delicate  thennometer  be  carefully  plunged  into 
the  middle  of  it,  taking  care  not  to  allow  it  to  come 


in  the  temperature  of  the  vessel  containing  a  spheroid 
affects  the  temperature  of  the  spheroid  itself.  A 
spheroid  of  water  in  a  crucible  heated  considerably 
below  redness  is  just  as  hot  as  one  contained  in  a 
crucible  heated  to  whiteness  in  a  blast  furnace. 
However  high  the  temperature  of  the  containing 
vessel  may  be,  botlics  in  the  spheroidal  state  remain 
constant  atateraprrai  i:.r  l.,l>>\;  iliii  oflioiling.  Thus 
alcohol,  which  u.su;i'i  !  I,.  :>  \(.'i- rises  in  the 
spheroidal  state  lii_'    :    ;       :  '   i;ii-;  and  ether, 

which  boils  at  aboiii  I'i'i  ,  ',  'I'l- 1  i;Mm  n  into  a  crucible 
In  I'r.l  to  wliitencss  docs  not  rise  above  95°.  It  is 
viiiarkable  that  if  the  liquids  be  dropped  in  a 
i  ".  .i_  state  into  the  red-hot  vessels,  tiiey  cool  down 
Ijritiw  the  boiling  point  in  assuming  the  spheroidal 
state,  and  when  once  in  this  state  the  globules  do  not 
absorb  or  transmit,  but  reflect  the  rays  of  heat  which 
impinge  upon  them. 

The  effect  of  dropping  a  liquid  whose  boiling  point 
is  very  low  into  the  red-hot  crucible  is  truly  remark- 
able. Sulphurous  acid  at  the  temperature  of  45° 
cannot  be  kept  in  a  liqiud  state,  except  under  the 
pressure  of  two  atmospheres,  or  about  30  lbs  to  the 
square  inch  of  surface.  At  a  less  pressure  thau  this 
it  bursts  into  vapour-,  and  even  when  cooled  down  to 
14°  it  boils  just  as  water  does  when  heated  to  212°. 
The  boding  point  of  sulphurous  acid  is  therefore  14°. 
Now,  when  a  few  drops  of  this  acid  are  allowed  to 
faU  into  a  red-  or  wliite-hot  crucible,  the  temperature 
actually  falls  to  12°,  in  obedience  to  the  law  observed 
in  other  cases ;  and  if  water  be  at  the  same  time  poured 
iuto  the  white-hot  crucible,  it  becomes  frozen  iuto  a 
solid  Imnp  of  ice.  Dr.  Earaday  has  even  succeeded 
in  freezing  mercury  in  a  red-hot  platinum  crucible  : 
he  first  introduced  ether  into  it,  then  solid  carbonic 
acid,  and  into  this  mixture,  in  the  spheroidal  state, 
he  plunged  a  metallic  capsule  containing  niercm-y. 
In  two  or  three  seconds  the  mercui-y  froze  into  a 
solid  lump. 

It  has  been  already  shown  that  a  globule  of  water 
or  other  liquid  is  not  in  contact  with  the  hot  surface. 
This  maybe  proved  m  several  ways.  Thus,  "if  a 
spheroid  of  some  opaque  substance  be  formed  on  a 
iiparly  flat  surface,  and  then  interposed  between  a 
!  :' ir,|  cantUo  and  the  eye,  the  image  of  the  flame  is 
I  ':i,'lly  seen  between  the  hot  surface  and  the 
- ,  .i„il,/  This  effect  might  be  produced  if  the  spheroid 
wcvc  in  a  state  of  rapid  motion  up  and  down,  smee 
the  image  of  the  caudle,  seen  during  the  ascent, 
would  remain  visible  till  the  next  ascent ;  just  as  an 
ignited  point  in  rapid  revolution  appears  as  a  circle 
of  light.  That  this  is  not  the  case,  however,  may  be 
i  shown  in  another  way.  If  silver  be  touched  with 
nitric  acid  it  is  rapidly  corroded,  and  in  a  short  time 
elissolved.  But  if  a  quantity  of  nitric  acid  be  poured 
into  a  cnicible  or  dish  of  silver,  suthciently  hot  to 
induce  the  spheroidal  state,  no  corrosion  whatever 
will  fake  place  ;  clearly  proving  that  the  acid  is  at  no 
time  in  absolute  contact  with  the  metal.  That  this 
is  not  owing  to  any  deficiency  in  the  strength  of  the 
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acid,  may  be  seen  by  placing  In  the  spheroid  a  piece 
of  cold  silver,  when  violent  action  of  course  takes 
place,  nitrous  fumes  being  given  off,  and  nitrate  of 
silver  formed."  ' 

If  a  large  spheroid  of  water  be  formed  on  a  nearly 
flat  surface,  and  a  small  bar  of  wliito  or  red  hot  iron 
be  tlu-ust  into  the  middle  of  il,  "n'  "i   If  mt:  iur-    - 
sible  between  the  bar  and  thr    .   • 
a  riug  at  some  little  distance  ii   ,i.   i  ,     m  .;    ,i 
presenting  very  much  the  app 


also  if  a 


red  heat  be  plunged  into  a  glass  of  water, 
its  bright  redness  is  maintained,  there  is  no  ebullition, 
but  as  it  slowly  cools,  boiling  takes  place.  In  this 
experiment,  the  glowing  metal  appeai-s  to  form  round 
itself  an  atmosphere,  preventing  the  contact  of  the 
water,  the  contiguous  surfaces  of  which  appear  like  a 
silvered  plate.  Such  phenomena  as  these  must  have 
some  influence  on  tlic  hardening  and  tempeiing  of 
metals.  If  the  metal  to  be  hardened  is  in  a  highly 
incandescent  state,  the  effect  will  not  be  produced  on 
plunging  it  into  water.  A  certain  temperature  should 
therefore  be  observed  in  such  cases. 

M.  Boutigny  thought  that  the  bm-sting  of  steaui 
boilers  may  be  referred  to  the  spheroidal  condition  of 
water.  In  illustration  of  this  view,  he  exhibited  the 
following  experiment.  A  sphere  of  copper  was  heated, 
and  water  dropped  into  it:  it  was  securely  corked, 
and  the  lamp  was  tlun  w ;  !  ,'i  i-,  n  As  long  as  the 
metal  remained  reil,  i    .  ,  .,irl,  but  upon  ' 

cooling,  the  water  -lii  I  i  .  be  supported: 

on  its  cushion  of  slc:ii.i,  :diil  U  uig  lj!uui;ht  into  actual 
contact  with  the  hot  metal.  Hashed  into  steam,  and  j 
the  cork  wa-j  blomi  out  with  explosive  violence.  We 
learn  from  Mr.  Bowman's  lecture  that  a  spheroid 
composed  of  between  four  and  five  pints  of  water  has 
been  m  tins  \i  ay  expeumented  with,  when  the  sudden 
founation  of  highly  elastic  steam  vias  veiy  stiikmg 
In  this  w  ay,  <;aTS  M  Boutigny,  is  lesoh  ed  the  sm 
gulu  pioblem,  "Eequued,  to  fill  a  \esscl  with  ^latei 
without  wetting  it,  and  to  make  the  watei  boil  by 
coohng  the  vessel " 

Now,  to  apply  a  cnse  of  tins  kind  to  a  steam  boilci 

Suppose  that  the  engine  man  neglect  to  supply  it  with 

that  the  feed  pipe  is  out  of 


fuinace  all  the  time  being  ir 
all  the  watei  to  be  evaporafi  1 
become  ledhot  If,  unda 
watei  be  tliiown  m,  the  fll^t  | 
loidal,  and  pnntiniu  so  ui  I  1 
hi£,ei  qu  1      I 


it  is  possible  fii 


pubUshed  in  Weale's  Rudimentary  Series,  anoihei 
very  probable  cause  of  water  becoming  spheroidal  is 
mentioned.  After  alluding  to  boiler  incrustations, 
and  their  action  in  preventing  the  passage  of  heat 
from  the  furnace  to  the  water,  owing  to  their  non- 
coiiductins'  property,  he  says: — "It  is  known  that 

III  Hi:  1 1  I  riiiiiing  of  incrustation,  or  boiler  scale,  is 
,  :  1  lul  separate  into  large  pieces,  which  are 

i  i  I  '  I  II  ■  i  11  I  lie  boiler  bottom  at  some  particular 
ilr^itc  of  liiiipcrature,  depending  upon  the  thickness 
of  the  scale  and  the  kind  of  substance  of  which  it  is 
formed.  We  can  easily  suppose  that  by  a  little  hard 
firing,  and  unduly  heating  the  boiler,  a  large  portion 
of  scale  may  be  suddenly  detached,  uncovering  a  con- 
siderable area  at  a  temperature  something  exceeding 
the  maximum  evaporatuig  point,  which  is  well  known 
to  be  considerably  under  the  lowest  red-heat  of  ii'on. 
Now,  the  first  effect  produced  will  evidently  be  a 
certain  amount  of  repulsion  between  the  overheated 
iron  and  the  water,  which  may  continue  for  several 
seconds,  and  perhaps  a  few  minutes :  this  may  account 
for  the  sudden  decrease  in  the  supply  of  steam  that 
has  sometimes  been  observed  just  before  the  explosion 
of  a  boiler  has  taken  place.  Tlirip  mnst  aLsO  be  a 
gradual  diminuliou  i.f  tr,,i;.i  ;,ii  u  r  ui.i'hj  tins  bliort 
space  of  time,  ill   :         i  -       '  !:  r,.l  irou 

which  is  exposed  I  ■      •  :irtiou 

of  the  metal),  iiifiv  i-:i,_       n      i.     •  'i;ii|icra- 

tiu'c  of  tlie  iron appvoaclns  ih.  :  .  ..i  i  i  .;  i,itiug 
point,  which  is  at  about  :;  '  I      ■  ,  and 

eausuig  a  corresponding  siij   ,  i      i     m  tlio 

boiler  bottom.  The  directiuu  ul  llu.s  ._li,i:;i  may 
generally  be  traced  on  examining  the  bottom  plates 
of  any  old  boiler,  and  will  be  found  to  radiate  in  lines 
proceeding  from  the  part  which  has  been  most  acted 
on  by  the  fire  .  When  an  inerusted  boiler  bottom 
becomes  highly  heated,  and  the  water  at  the  same 
tune  too  low,  it  veiy  commonly  happens  that  a  laige 
quantity  of  watei  is  immcdntth  htm  \  hen  the 
consequences  are  similar  to  1 1  1     toi 

the  internal  coatmg  of  scab  1  ted 

by  the  cooling  effect  of   tl  I    it   is 

detached  m  the  same  miiiuLi  j    d        l  been 

by  the  expansion  of  the  uon,  and  the  Siime  cflects 
pi  educed,  although,  perhaps,  more  speedily,  as  the 
watci  admitted -niU  irdnce  the  tempeiatme  of  the 
I       1    I  I   1 1      1     1  1  bottom  more  rapidly  to 


mt 


n  supposed 


be  mamtained  the 
he  overheated  bodei, 
■w  ords,  suddenly  in  ' 
(1  cubic  foot  of  water 


forming  1,700  cubic  feet  of  steam),  and  the 
quence  is  that  the  bodei  bnists 
In  Mi  Aimstiong  s  "Tieatise  on  Steam  Boileis,' 


engme  IS  standing  )i 
against  allowins  i 
the  boiler  Mliell 

MyaU 


the  ci 


1   mid 

1  Mould  net 

I  (  n  no  account 

I    less  hazaidous 

I  !      I    he  knons  tht 

ndal  01  niidt  f^st,  and  the 
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steam  btill  coufinues  to  rise  with  the  flre-doors  opeu, 
the  firc^  m  i\  llu  u  be  quenched  by  a  jet  of  water  from 
ah.i  :       •     .  -afe  means." 

I  I  t  hat  smooth  and  even  surfaees 

(il  I        J  are  more  fa\oiLrable  to  the 

■siilii      I  I  il --i  I'   iter  or  other  liqriids,  than  rough 

surf.irrs,  or  MU-faces  covered  with  projecting  points. 
There  is  an  objection  to  fixing  projecting  points  in  a 
steam-engine  boiler,  on  accormt  of  the  difficulty  they 
would  occasion  in  cleaning  it  out ;  but  M.  Boutiguy 
suggested  there  should  be  thrown  into  the  boder 
loose  pointed  pieces  of  iron  of  such  a  shape  that  one 
of  the  points  shoiJd  always  be  uppermost. 

The  spheroid:d  condition  of  liquids  helps  to  i    ,  1  um 
the  remarkable  experiment  of  handling  ninll  1 1        i 
which  has  sometimes  been  mentioned  m 
books,  but  whieh  no  scientific  man  had  the  h  n  i  '       i 
to  repeat  uutd  M.  Boutigny  showed  that  it  coidd  lu 
done  w  ith  inipmiity.    To  mention  one  out  of  numerous 
inst.mces  rccoideii  of  this  feat,  Bockmann  states  th-it 
in  September,   17G5,  being  at  the  copper  wm'       i' 
Awestad,  one  of  the  workmen  took    snm       ' 
melted  copper  in  his  hand,  and  after  showuu      i 
company,  threw  it  against  nv.a]i.     He  then         <      i 
the  fingers  of  his  horny  hand  close  to  each  othoi,  hrlil 
it  a  few  minutes  uuder  liis  arm-pit  to  make  it  perspire, 
as  he  said,  and  taking  it  out  again,  drew  it  over 
a   latUe   filled  with  melted   coppa',  some   nt  \\hiih 
he    skimmed  off,   and  moved   lii^    li    i  I    1      ' 
and  forwards  \ciT  fpuckly  b\   ■ 
M.  Boutiguy  and'M.  Michel  kui 
experiments  with  cast-iron.      The  lat  n  i    _ 
says  : — "I  divided,  or  cut  across  with  m\  h 
of  cast-iron  issuing  from  a  cupola  fumaee,  .1'  i  I 
plunged  my  other  liand  into  a  laille  of  c  1st  11    1 
molten  state  which  was  fearful  to  1  1      1       I 
involuntarily  in  making  the   tm' 
escaped  uninjured."     The  expl  lu  1 
ment  is  that  the  moisture  of  tin  1 
the  spheroidal  state,  which  presi  1 
with  the  molten  metal,  and  byii  '  1 

lient,  is  kept  at  apoint  below  boilu  -       Ml  is 


ioda-water  powders, 
iesquieaibonate  of  s. 


solutini 


nrded  il 
'   1'   they  are  stated  fully  n 

r.lt'mentaire,"  Paris :  IS', 
M  !■;,  a  term  applied  to  the 


Bou- 


with  and  break  against,  the  side  of  the  ilisk,  and  be 
retained.  At  other  times,  when  strong  curients  of 
vapoiu'  or  gas  are  produced  at  the  same  time  with 
this  dispersion  from  the  breaking  of  bubbles,  many  of 
the  particles  may  be  carried  away  by  the  current, 
even  -^ihen  the  liask  or  vessel  maybe  considerably 
inclined.  In  these  eases,  the  addition  of  the  acid,  or 
the  application  of  heat,  should  be  made  cautiously, 
that  the  cm-rent  may  not  become  so  rapid  and  attain 
such  power  as  to  do  barm.  For  the  same  reason, 
oijerations  which  are  liable  to  occasion  much  effer- 
vescence, should  be  performed  in  flasks  of  the  largest 
size,  that  the  cuneut  of  gas  within  may  have  less 
i.L  ui'  ii       111     1    1 1 H  li  s  may  have  room  and 

1  1  '    1 1 . 1       '   \    I  .  Deliquescence. 

,      >        I       >  I'     i.iodueeot  the  Eider-duck, 

II  I,)  our  of  the  largest  of  the  duck 

I  1  ir  the  value  of  the  down  on  its 

I  I        .  .tiemely  light  ami  soft,  and  makes 

'  I  i.u\c.iug  known.     'I'l'p  .    t..  p  ro.nitrr  of 

1  I  is  from  about -15° noi I  S     i         '       i    •      Hie 

-    \et   explored.      Tin  -    i  i  1  m 

!•  1}  of  their  breedmg  I'l  m       1  1    h     io  1     tlic 

i'.iiui-  lolaudb,  off  the  coast  ot  iNorlhumlieilaml,  and 

the  locky  islands  beyond  Portland,  in  the  district  of 

Maine ;  but  they  are  not  very  miinerous  in  either  of 

ih^s,    locahfus.     They  ah^  i^'s  pi,l,r   lo  make  their 

in    I     M  1   ,  I    II  ,    11.  louiid  on  the 

iMinLiiul.     On 


precaution!,.  "  During  a  cold  eli'ei-vesccnep,  as  of 
carbonate  of  Kme  in  an  acid,  the  bi caking  of  the 
bubbles  will  throw  up  a  shower  of  paitieles,  many  of 
which  -w  ill  ascend  several  inches  perpendicularly.  In 
these  cases  it  will  be  right  to  ineUne  the  flask  at  an 
igle  of  about  45°,  for  then  the  rising  drops  w  dl  Uicet 


ihIs  by  cutting  oil'  f; 
nailer  promoutorit 

1st      On  these  t(  ci: 


in  this  material,  liii'     '  i|i  into  a  thick 

puffed  roU  aU  roniul  1  liui  forced  to 

leave  her  eggs  in  uuki  to  s,,ii.  ii  loi  iood,  she  pru- 
dently turns  this  marghial  roU  ul  down  over  the  eggs, 
to  keep  them -n  arm.  But  she  cannot  ensure  vhem 
against  the  rapacity  of  the  down-collectors.  As  soon 
as  it  is  observed  that  the  first  eggs  are  laid,  they  are 
removed,  and  at  the  same  time  the  nest  is  robbed  of 
its  down :  the  patient  bird  again  provides  a  supply, 
but  not  so  abundant  as  the  first.  But  ere  long  this 
second  supply,  and  the  eggs  embedded  in  it,  are  like- 
wise stolen:  she  then  makes  one  more  attempt, 
sometimes,  it  is  said,  gaining  a  portion  of  down  from 
j  the  breast  of  her  mate  for  this  third  nest ;  but  when 
that  also  shares  the  fate  of  the  other  two,  she  deseits 
the  spot  in  despair. 

AVben  allowed  to  hatch  her  eggs,  usually  four  in 
number,  she  early  takes  the  young  ducks  to  the  water, 
and  swimming  with  them  on  her  back  to  some  distance, 
she  makes  a  sudden  dive,  and  so  leaves  them  to  swim 
for  themselves.  If  the  nest  is  disturbed,  and  if  the 
first  four  eggs  are  removed,  the  bii-d  goes  on  laying 


for  several  weeks.  Tims  there  is  a  double  iuducemeut 
to  rob  tlie  nests,  for  the  eggs  furnish  excellent  food, 
and  the  down  is  greatly  in  request  in  a  commercial 
point  of  view.  It  is  sold,  when  cleaned,  at  from 
twelve  to  fourteen  shillings  per  pound,  and  in  one 
yeai-  it  has  produced  to  the  Icelanders  nearly  1,000^. 
sterUng.  The  down  has  such  extraordinary  elasticity 
that  three-quarters  of  an  ounce  were  sufBcient 
to  fill  a  large  hat.  It  is  a  remarkable  fact,  however, 
that  this  extreme  elasticity  only  belongs  to  the  down 
V'lucked  by  the  bird  herself  for  the  comfort  of  her 
young,  and  scarcely  exists,  or  only  in  a  very  inferior 
degi-ee,  in  the  down  taken  from  dead  birds.  No 
doubt  the  plimiage  is  in  its  best  condition  at  the  time 
wheu  it  is  wanted  as  a  mantle  for  the  young  birds. 
The  quantity  produced  is  various.  The  contents  of  a 
first  nest  were  once  described  as  yielding  half  a  pound 
of  down;  but  this  appears  to  be  an  extreme  quantity 
when  compared  with  other  accounts,  which  make  men- 
tion of  less  than  an  ounce.  The  latter,  however,  wer'e 
the  results  obtained  at  the  southern  breeding  places, 
aud  it  is  to  be  expected  that  the  northern  are  more 
liberally  supplied.  The  hardy  inhabitants  of  Norway, 
Iceland,  &c.,  make  no  use  of  it ;  but  they  send  abun- 
dant supplies  for  the  luxurious  beds  and  coverlets  of 
tlie  wealthier  classes  of  the  south. 

EIDOGRAPH,  see  Apiexdix. 

ELAINE,  see  Cakdle. 

ELASTICITY.  The  particles  of  solid  bodies 
appear  to  be  held  in  equilibrium  by  two  forces,  one 
attractive  and  the  other  repulsive,  so  that  any  me- 
chanical force  which  tends  to  disturb  them  from  this 
state  is  more  or  less  resisted ;  and  a  substance  is  said 
to  be  more  or  less  elaslic  according  to  the  facility 
with  which  it  regains  its  form,  bulk,  or  volume  when 
the  disturbing  force  ceases  to  act. 

Willie  this  property  is  being  displayed,  the  change 
of  form  is  evident  in  many  bodies  ;  as,  for  example, 
in  a  strip  of  steel  fixed  at  one  extremity :  on  dra-ning 
it  aside  by  the  other  exti-emity,  and  leaving  it  to 
itself,  it  recovers  its  form  by  a  series  of  oscillations 
on  cither  side  of  its  position  of  rest.  It  is  evident 
that  in  this  case  the  molecules  have  been  disturbed 
from  their  position  of  equilibrium,  and  that  it  is  the 
force  with  which  they  tend  to  return  thereto  that 
constitutes  the  elasticity  of  the  body  in  question. 

But  there  are  many  cases  in  which  elasticity  is 
displayed  without  the  change  of  form  becoming 
evident.  For  example,  if  we  allow  an  ivory  billiard- 
ball  (or  a  ball  of  wood,  stone,  glass,  or  metal,)  to  fall 
upon  a  smooth  slab  of  marble  or  of  metal,  it  will 
bound  up  again  nearly  to  the  height  from  which  it 
fell,  and  it  would  attain  that  height  completely  were 
it  not  for  the  resistance  of  the  air.  Now  the  change 
of  form  in  the  biUiard-ball  is  not  in  this  case  evident, 
but  it  may  be  made  so  by  covering  the  slab  with  a 
thin  layer  of  oil.  If  we  tlien  let  the  ball  fall  upou  it, 
aud  examine  the  spot  which  the  ball  bad  struck,  a 
mark  will  be  seen  in  the  oil,  not  of  a  mere  point,  as 
would  have  been  the  case  had  the  surface  of  the  ball 
not  yielded  at  the  instant  of  impact,  but  a  mark  over 
a  considerable  surface,  showing  how  much  the  ball 


became  flattened ;  and  this  mark  will  be  greater  in 
proportion  to  the  licisht  from  which  the  ball  is  allowed 
to  fall. 

The  property  of  elasticity  may  be  said  to  exist  in 
various  degrees  in  all  substances.  It  is  most  perfect 
and  extensive  in  aeriform  bodies,  as  already  explained 
in  the  article  Aik,  p.  27.  It  is  perfect,  but  not  ex- 
tensive, in  water  and  liquids  generally.  The  means  by 
which  the  elasticity  of  Uqmds  was  ascertained,  belong 
to  the  triumphs  of  modern  science.  It  was  long 
supposed  that  water  was  incompressible,  and  consc- 
qneutly  non-elastic;  an  assumption  which  derived 
support  from  an  experiment  made  iu  16G1  by  the 
Academicians  of  Elorence.  They  filled  a  hollow  ball 
of  gold  completely  fuU  of  water,  and  submitted  it 
to  great  pressure,  whereby  the  water  was  made  to 
weep  through  the  pores  of  the  gold,  or  to  appear  as 
a  fine  dew  on  the  surface.  The  compressibility  of 
water  was  proved  by  (Ersted,  a  Danish  philosopher, 
and  the  apparatus  used  by  him  is  shown  in  Eig.  786. 
A  B  c  D  is  a  strong  glass  cylin-  „ 
drical  vessel  with  a  smaller 
metal  cylinder,  aetb,  fixed 
firmly  at  the  top  of  it ;  this 
smaller  cylinder  contains  an 
air-tight  piston,  k,  movable  by 

glass  bottle,  in  the  neck  of 
which  is  fixed  by  grinding,  one 
extremity  of  a  capillary  tube, 
a  a,  open  at  both  ends.  The 
bore  of  this  tube  is  very  fine, 
and  it  is  important  to  ascer- 
tain accurately  the  precise 
fraction  of  the  contents  of  the 
whole  bottle  which  each  inch 
in  length  of  its  bore  will  hold. 
This  is  done  by  weighing  the 
quantity  of  mercury  which  the 
bottle  will  hold,  and  the  quan- 
tity which  an  inch  of  the  bore  *'^=^ 
of  the  tube  will  hold.  In  some  ^  C 
of  the  tubes  used  by  CErsted,  ■  ''^^ —  ^° 
each  inch  in  length  was  found  '"'  ' "  '. 
to  hold  80  millionths  of  the  contents  of  the  bottle. 
Supposmg  these  to  have  been  the  tubes  with  which 
his  experiments  were  made,  let  the  bottle  aud  tube 
be  filled  with  water.  Any  pressure  exerted  upon 
this  water  which  will  have  caused  its  surface  in 
the  tube  to  descend  one  inch,  will  have  compressed 
it  by  SO  millionths  of  its  bulk.  Divisions  were,  how- 
ever, marked  upou  a  scale  annexed  to  the  tube,  -^ih 
of  an  inch  apart.  A  depression  of  the  water  in  the 
tube  through  any  one  of  these  divisions,  would  thus 
indicate  a  compression  of  two  millionths.  This  conr- 
pression  was  produced  in  the  following  manner: — 
The  bottle  and  its  apparatus  are  introduced  into  the 
glass  vessel  a  b  c  »,  the  part  a  e  f  b  having  been 
unscrewed  to  admit  them.  This  vessel  is  then  to  be 
filled  with  water,  and  the  cylinder  ae  p  b  is  replaced, 
its  piston  K  having  been  first  screwed  down  as  low  as 
n.    This  piece  being  firmly  fixed  to  the  piston,  is 


screwed  back  towards  K,  and  in  going  back,  water 
will  be  (b-awn  into  the  vessel  by  the  syphon  b  p,  which 
comiuunicates  with  a  vessel  of  water  Q.  AVlien  it  is 
iuli  1  cock  closes  the  communication  between  the 
sj  phon  -ind  the  vessel,  and  the  piston  k  being  screwed 
du\Miwaidb  the  piessuie  begins  This  picssuie  is 
piopi^xtcd  from  the  piston  and  the  water  m  the 
vessel  thiough  tliB  tube  a  a  to  the  watci  m  the  bottle , 
ud  by  the  hw  of  the  equal  dibtubution  of  fluid 
picssuie,  the  piesbuie  thus  pioduccd  •\Mthin  and 
without  the  bottle  ibpieciselythe  same  ihispicssme 
lb  measuied  ui  the  following  manner  — i  is  a  glass 
tube  closed  at  the  top  and  open  at  tliL  1  tt^i  ml 
di\idcd  mtociiud  paitb  bj  a  sc  1  I 

Tlubtujtbem<;loilLdb)aimitt  1 
lb  imniLibLd  m  the  watci  ol  the  \ 
pObUion    and  ^^hcn  thi^  picsbua 
cout  lined  in  it  lb  continually  c      | 
and  kbS  bidl ,  the  duiiuiution  in  1    I 
m  poitiond  to  the  piesbuie,  ace  \l 

Li  (e\pluuod  in  the  article  Air,  «  /  ip  J/  ~^  ) 
Ihus,  Ijy  observing  the  degiee  to  which  the  an  is 
cniupiesbed  m  fins  tube,  oi  the  height  to  which  the 
\i  itci  lb  laibcd  in  it  the  piessme  excited  by  the 
bciew,  and  sustimed  by  the  watei  m  the  bottle,  is 
iiw  ivs  known 

In  01  del  to  distinguish  the  descent  of  the  suif  ice 
of  the  watsi  in  tlie  tube  aa,i  speck  oi  nimute  bablik 
of  111  lb  left  ui  the  top  of  the  tube,  wlueh  is  pioteoted 
by  a  funnel  shaped  covci,  p,  which  ib  loaded  at  the 
lower  edge,  and  mveited  over  it     "When  the  lu  ti  i 
ment  is  sunk,  this  cover  is  neaily  full  of   in      I 
by  the  pressure  ib  made  to  occupy  less  and  1 
and  IS  diuen  into  the  tube ,  so  that  aUilu  tl 
of  the  \Cbbel  it  length  leaches  the  top  ot  th    I  I 

eiitcis  it,  theie  is  always  between  it  and  the  w  tii 
iluady  within  the  tube  a  column  of  compicsscd  ui, 
foimmg  a  scpaiation  between  the  tno,  which  may  be 
easily  seen  thi'ough  the  outer  glass  vessel. 

By  means  of  this  apparatus  the  compressibility  of 
water  was  ascertained  and  its  amount  measured. 
The  water  sank  in  the  tube  about  half-an-iueh  for 
each  additional  pressure  of  an  atmosphere,  or  of  about 
15  pounds  on  the  square  inch.  The  compression  of 
the  water  was  -iC^iuinillionths  of  its  bulk  for  each 
such  additional  pressure  of  one  atmosphere.  For  each 
additional  equal  pressure,  the  water  was  compressed 
by  the  same  fraction  of  its  bulk.  This  law  is  found 
to  govern  the  compression  of  aU  other  bodies.' 

The  compression  of  other  liquids  was  found  by 
filling  the  bottle  and  the  tube  with  the  particular  liquid 
to  be  examined.  Thus  the  compression  of  mercury 
for  every  atmosphere  was  found  to  be  one  millionth 
of  its  bulk ;  of  alcohol,  20  millionths ;  of  sulphurct 
of  carbon,  30  millionths ;  of  water,  46.1  millionths, 
as  already  stated ;  of  sulphiu-ic  ether,  60  millionths. = 

Wlien  these  liqiuds  are  rebevcd  from  pressure,  they 

(1)  Transactions  of  the  Royal  Society  at  Copenliagen,  ISIS— 
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recover  their  former  bulk ;  hence  liquids  may  be  said 

to  be  perfectly,  but  not  extensively,  elastic.     It  is 

among  solids  that  we  find  the  greatest  diversities  of 

this  property ,  but  it  has  been  foimd  by  experiment 

that  the  measure  of  the  esteusiou  oi  compicssion  of 

umfoim  elastic  bodies  is  simply  piopoitional  to  the 

foice which  ocoaiions  it,  at  least  when  the  foiccs  aie 

compaiatively  small     Thus,  if  a  weight  of  100  poun  Is 

lengthened  a  lod  ot  steel  one  hundiedth  of  an  inch, 

a  weight  of  200  would  lengthen  it  veiy  ncaily  two 

hundredths,     md   a   weight   of    oOO    pounds    tlucc 

hundredths     llie  simewciQhtb  actmg  macontiaiy 

dii  l\     1  would  also  shoiten  it  one,  two,  oi  thice 

I      lespectively     These  elTeets  appear  to  bo 

f  J  those  \ihich  aie  moie  casdy  obscivable 

bocbes      [bee  AlK  ] 

V    ui  Img  to  this  anilo£;\    \  i  tl  (^ 

1  ibticity  ot  any  subbt  mce  bj  11  i 

lumn  of  the  same  substance      1  i 

11  ted  the  modulus  of  itb  elast  I  ll 

weight  lb  such  that  any  adduion  t  it  viculd  i  icic  isc 
it  m  the  suuc  piopoition  as  the  weight  added  would 
shoiten  by  its  picbsuie  a  poition  of  the  substance  ot 
equJ  cbamctci  Thus,  il  a  lud  of  any  L  ud  100 
inches  long,  wcie  compicsscd  1  inch  by  iwc  It  ft 
1,000  lbs ,  the  weight  of  the  modulus  oi  its  cl  I  c  il  v 
would  be  100,000 lbs,  oi  raoio  aceuiatcly  ) )  00(1 
which  is  to  100,000  m  the  same  piopoition  ^  )J  t 
100  In  the  same  manner  we  must  suppose  tl  it  the 
subti action  ot  any  weight  fiom  that  of  the  ii  dulus 
will  d  J  dimunsh  it,  m  the  same  latio  thit  the  tqui 
w  ould  extend  anv  poi tion  ol  the  substauct 
of  the  modulus  lb  the  same  foi  the  same 
w  liate\  ei  its  brc  idtli  and  thickness  in  ij  be 
I  1  bene  arr  it  is  about  5  miles,  and  foi  steel 

nc  11 1\  1  J  00  Tins  supposition  is  sufiicieiitl>  con 
filmed  by  cxpeuments  to  bo  consideied  at  Icibt  a«  a 
good  appioximation  It  folhws  that  the  weight  of 
the  modidus  must  always  exceed  the  utmost  cohesive 
strength  of  the  substance,  and  that  the  compression 
produced  by  such  a  weight  must  reduce  its  dimen- 
sions to  one-half;  and  I  have  found  that  a  force 
capable  of  compressing  a  piece  of  clastic  gum 
[caoutchouc]  to  half  its  length,  will  usually  extend 
it  to  many  times  that  length,  and  then  break  or  tear 
it ;  and  also  that  a  force  capable  of  extending  it  to 
twice  its  length  wid  only  compress  it  two-thirds.  In 
this  substance,  and  others  of  a  similar  nature,  the 
resistance  appears  to  be  much  diminished  by  the 
facility  by  which  a  contrary  change  is  produced  in  a 
different  dh-ection ;  so  that  the  cohesion  and  repidsiou 
thus  estimated  appear  to  be  very  weak,  unless  when 
the  rigidity  is  increased  by  a  great  degree  of  cold."  ' 

As  the  particles  of  solid  bodies  tend  to  return  to 
any  position  out  of  which  they  have  been  moved, 
with  a  force  proportional  to  their  displacement,  let 
us  represent  by  the  letter  il  the  force  rccpiu-ed  to 
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displace  the  particles  composing  a  unit  of  the  bulk  of 
any  gireu  soHd  body  through  a  distance  equal  to 
unity :  then  the  force  requisite  to  produce  a  displace- 
ment of  the  same  unit  through  a  distance  of  D  units, 
or  parts  of  unity,  will  equal  B  times  M,  or  ML.  If 
vre  call  this  force/  then/  =  21 D.  In  order  to  find 
the  amount  of  the  force  M,  let  a  rod  be  made  of  the 
substance  whose  modulus  J/  is  to  be  determined, 
having  a  section  equal  to  K  square  units,  and  being 
L  units  in  length.  And,  any  given  force  F  being 
applied  to  lengthen  or  compress  this  mass,  let  the 
con-esponding  alteration  of  length  be  observed,  and 
call  this  /.  The  tension  throughout  the  mass  is  the 
same.  Every  transverse  section  of  it  is,  therefore, 
acted  upon  by  a  force  equal  to  that  force  F,  -whioh  is 
applied  to  its  extreme  section.    And  every  unit  of 

such  a  section  is  acted  upon  by  a  force  equal  to  t-  • 
Also  the  extension  or  compression  of  the  whole  L 
units  of  length  being  /,  each  unit  of  length  is  ex- ! 

tended  or  compressed  thi-ough  a  space  equal  to  -r-  ' 
Now,  iU"  is  the  force  producmg  each  unit  of  extension  ' 


or  compression  in  a  unit  of  area  and  a  unit  of  length. 
Hence,  therefore,  the  force  necessary  to  produce  the 

whole  of  it  on  such  a  uuit  is  ^' 

But  the  force  really  acting  on  a  unit  of  the  area 
of  each   section,  and  producing  this   extension   oi 

compression,  has  been  shown  to  be  -r-    Therefore, 
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md  therefore  21  = 


F  L 


If  .E  be  the  height  in  feet  of  a  prism  or  bar  of  any 
substance,  the  weight  of  which  prism  equals  the 
value  of  the  force  M  corresponding  to  the  elasticity 
of  that  substance,  and  which  has  a  transverse  section 
of  one  unit  in  area,  then,  calling  w  the  weight  of  one 


foot  of  this  bar,  v 


i  have  wE—2I;   :.  E  =  j^  ijf 
E  being  thus  taken  is  the  modulus  of  elasticity.' 

The  following  ai'e  the  values  of  the  modidi  of  elas- 
ticity and  of  the  force  21,  as  determined  by  experi- 
ment fi-om  a  variety  of  different  substances.  It  is 
found  that  for  compression  these  are  generally  less 
than  for  extension. 


M. 

E. 

^JVeightwhich^^ 

SSiS 

to  be  one  inch. 

urof-rcftir" 

""e'^tended."' 

lb'! 

Feet 

lbs 

Ash 

1,640,000 

4,970,000 

3,540 

464 

Beech 

1,345  000 

4,600,000 
2,400,000 

2,360 
6,700 

570 
1,333 

Brass,  cast 

8,930,000 

Cast-ii-on 

18,400,000 

5,750,000 

15,800 

1,204 

Elm 

1,340,000 

5,680,000 

3,240 

414 

lir,  red  or  velhw     ....... 

2,016,000 

8,330,000 

4,290 

470 

Fir,  white 

1,830,000 

8,970,000 

3,630 

504 

Gun-metal,  cast  (8  copper,  tin  1)    .     . 

9,873,000 

2,790,000 

10,000 

960 

Iron,  malleable 

24,920,000 

7,550,000 

17,800 

1,400 

Larch 

10,074,000 

4,415,000 

2,065 

520 

Lead,  cast 

720,000 

146,000 

1,500 

480 

^Mahogany,  Bc-nduras 

1,596,000 

6,570,000 

3,800 

420 

Marble,  'white 

2,520,000 

2,150,000 

1,394 

Mercury 

4,417,000 

750,000 

Oix\,  good  English 

1,700,000 

4,730,000 

3,900 

430 

Pine,  American  yellow 

1,600,000 

8,700,000 

3,900 

414 

Slate,  Wehh 

15,800,000 

13,240,000 

1,370 

Steel     

29,000,000 

8,530,000 
1,672,000 

45,000 

Stone,  Portland 

1,533.000 

1,789        1 

Tin,  cast     

4,608,000 

1,453,000 

2,880 

1,600 

Water 

326,000 

750,000 

TVTialebone 

820,000 

1,458,000 

5,600 

146        i 

Zinc 

13,680,000 

4,480,000 

5,700 

2,400        1 

The  development  of  elasticity  in  a  body  depends 
not  only  on  the  elasticity  peculiar  to  the  substance  of 
which  it  is  composed,  but  also  on  its  form,  on  vhe 
method  of  supporting  it  by  fixed  points,  and  on  the 
pomt  of  application  and  direction  of  the  force.  The 
amount  of  flection  which  a  body  can  be  made  to 
undergo  without  being  permanently  distorted,  or 
broken,  or,  in  other  words,  without  removing  the  ' 
molecules  beyond  the  limits  of  their  elasticity,  is 
greater  in  proportion  as  the  force  is  applied  at  a 
greater  distance  from  the  fixed  points,  and  as  tlie 
dimensions  of  the  body  parallel  to  the  dii-ection  of  ' 


the  force  are  small.  Thus  plates  and  discs  are  more 
flexible  than  masses  of  varying  dimensions,  and  long 
laminse,  bars,  and  \Tires  are  more  flexible  still.  The 
influence  of  the  length  of  a  body  in  the  direction  of 
the  flection  results  from  the  fact  that  when  a  body  is 
curved,  the  molecules  are  more  removed  from  each 
other  in  proportion  as  they  are  distant  from  the 
concave  surface ;  consequently  for  a  given  cui-vatm-e 
there  will  always  be  a  thickness  in  which  the  particles 
would  be  too  much  strauied  to  maiutaiu  cohesion, 
and  the  body  would  break. 


In  all  tliose  remarkable  cases  of  elasticity  developed 
more  or  less  suddenly  by  wcll-knowTi  processes,  as  in 
the  hardening  of  steel,  the  sudden  cooling  of  glass, 
the  cold  hammering,  rolling,  and  drawing  of  certain 
metals,  elasticity  is  produced  by  the  stable  equilibrium 
of  the  molecules  with  respect  to  their  relative  posi- 
tions. But  bodies  which  are  very  ductUe,  and  not 
susceptible  of  this  kind  of  elasticity,  may,  however, 
under  certain  cireiimstauoes,  acquii-e  this  property  to 
ahigh  degree:  the  elasticity  is  then  due  to  the  i  ml- 
cqmlibriura  of  the  molecules  with  respect  (o  t  i,  i 
tance  of  the  centres  of  gravity.  Such  are  the  <  y.  ' 
iron  and  copper  wires  stretched  by  being  fixed  ;i  i  1 1  h  i  r 
extremities  and  then  disturbed  from  their  position. 

S.  Gravesande  has  made  numerous  experiments  on 
the  elasticity  of  wires.  The  wire  whose  elasticity 
was  to  bo  determined  was  extended  in  a  horizontal 
position  between  the  two  fixed  points  a  and  b.  Fig. 
787.  A  light  scale-pan,  c,  suspended  from  a  silken 
^  thread,  c  n,  was 

hmig  upon  the 
midille  point  of 
the  wire  at  ii, 
and  to  balance 
this  scale-pan,  a 
continuation  of 
the  sUken  thread 
"*  which  suspended 
it  passed  over  a 
i'.y.  7S7.  pulley  P,  and  sup- 

i  counterpoise.  The  pulley  p  carried  an 
;,  pointing  to  a  graduated  di;d-platc.  Small 
weights  were  placed  very  gently  and  in  succes- 
sion in  the  scale-pan,  and  the  deflections  of  the 
wire  produced  thereby  were  observed  by  the  motion 
of  the  index  p  g.  The  deflection  of  the  wire  being 
known,  and  also  the  distance  ab  in  a  straight  line, 
its  length  a'h'b',  corresponding  to  each  such  de- 
flection, became  known  by  simple  geometrical  rules. 
The  difference  between  this  length  and  its  origuial 
length  was  its  elongation.  It  will  be  seen  that  the 
weight  in  the  scale-pan  is  not  exerted  in  the  direction 
of  the  length  of  the  wu-e,  although  it  does  produce  a 
certain  strain  or  tension  in  that  direction.  The 
amount  of  this  strain  exerted  in  the  direction  of  the 
length  of  the  wire  can  be  determined  by  the  parallelo- 
gram of  forces;  [see  CAUPENTKy ;]  and  it  is  this 
strain  or  tension  which  was  to  be  compared  with  the 
elongation  of  the  wire.  It  was  found  from  these 
experiments  that  this  strain  was  exactly  proportional 
to  the  corresponding  elongation;  or,  in  other  words, 
that  the  force  necessary  to  keep  the  wires  extended 
or  compressed  is  proportional  to  the  amount  of  exten- 
sion or  compression  which  they  have  received.  For 
example,  double  the  extension  or  compression  of  the 
same  body  requires  double  the  force ;  triple,  triple 
the  force ;  and  so  on.  So,  also,  one-half  the  compres- 
sion or  extension,  or  one-third  of  it,  or  one-fourth, 
requires  one-half,  one-third,  or  one-fom-th  the  com- 
pressing or  extending  force.  This  is  the  law  of 
perfect  elasticity  which  belongs  to  gases  and  liquids, 
as  already  shown. 
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Coulomb  made  numerous  researches  on  the  elasticity 
of  torsion,  or  the  elasticity  developed  in  wires  by 
twisting  them.  His  torsion  balance  is  shown  in  Fig. 
78S,  in  which  A  B  is  a  wire  suspended  by  its  extremity 
A,  and  stretched  by 
a  weight  w.   Below 


needle,  cd,  who; 

.i    i;   -1 '-nuluatc 

.1-  ih;,t,  if  the 
\'.  ri'jiii  \\  be  made 
to  turn  round,  so 
that  the  wire  may 
always    remain 


the  same  vertical, 
and  the  weight  be 
then  left  to  itself,  the  particles  of  the  wire  disturbed 
by  the  torsion  will  tend  to  return  to  their  first  posi- 
tion, and  m  doing  so  wiU  move  the  weight  and  its  at- 
tached needle ;  but  on  arriving  at  their  first  position, 
their  acquired  velocity  will  carry  them  beyond  it,  and 
tliey  will  make  about  this  position  a  series  of  vibra- 
tions or  oscillations,  the  amplitude  of  which  wiU  go 
on  continually  diminishing. 
The  following  were  the  principal  results  obtained : — 

1.  The  force  necessary  to  maintain  the  wii-o  twisted 
was  proportional  to  the  angle  through  which  the  body 
had  been  twisted,  and  with  the  same  wire  stretched 
by  the  same  weight  the  oscillations  were  isochronous; 
i.  e.  when  the  index  was  deflected  from 
left  to  itself,  it  retiu-ned  to  that  positi 
same  time,  whether  the  deflection  wer 
small;  in  the  one  case  moving  faster, 
other  slower,  precisely  in  the  proportion  necessary 
to  preseiTe  this  equality  of  time,  or  isochronism.' 

2.  For  the  same  wire  stretched  by  a  cyKndiical  weight 
the  axis  of  which  was  identical  with  that  of  the  needle, 
the  duration  of  an  oscillation  is  proportional  to  the 
radius  of  the  cylinder,  and  to  the  square  root  of  its 
weight.  3.  The  wire  being  loaded  with  difl'ereut 
weights,  the  times  of  isochronous  oscillation  were  as 
the  square  roots  of  these  weights.  4.  The  lengths 
of  wire  b»ing  different,  the  times  were  as  the  square 
roots  of  these  lengths.  5.  The  diameters  of  the  wii'es 
being  different,  the  times  were  as  the  square  roots  of 
these  diameters. 

Professor  Robisnu    instituted  some   experiments 

Niiiiil  I   i  '  ill"  >    'il'  f*'"!!] li,  with  wii-es  of  lead  and 

I  111.    '    ■'    ■  I     ■  I      I  I   ;  1,       which  show  that  these 


position  and 
again  in  the 
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apparently  yielding  and  inelastic  materials,  reaUy 
possess  elastic  properties  as  perfect,  although  not  so 
extensive  as  steel.  "  Take  a  lead  wire  fjth  of  an 
inch  in  diameter  and  10  feet  long ;  fix  one  end  firmly 
to  the  ceiling  and  let  the  wire  hai\g  perpendicular ; 
affix  to  the  lower  end  an  index  like  the  hand  o{ 
watch;  on  some  stand  immediately  brlnw,  i.  :  ii,.  u 
be  a  eii'cle  divided  into  degrees  with  i 
responding  to  the  lower  point  of  the  \'.  .  i  .  i 
this  index  tvrice  round  and  thus  t\^i  i  il.i  win, 
■When  the  iudex  is  let  go,  it  will  tiuu  backwards 
again,  by  the  wire's  untwisting  itself,  and  make  almost 
4  revolutions  before  it  stops ;  after  which  it  twists 
and  untwists  many  times^  the  index  going  backwards 
and  forwards  roimd  the  cu-cle,  diminishing,  however, 
its  arch  of  twist  each  tune,  till  at  last  it  settles 
precisely  in  its  original  position.  This  may  be  re- 
peated for  ever.  Now  in  this  motion  every  part  of 
the  wire  partakes  equally  of  the  twist.  The  pai-tioles 
are  stretched :  they  require  force  to  keep  them  in  theii- 
state  of  extension  and  recover  completely  their  re- 
lative positions.  These  ai-e  all  the  characters  of 
what  the  mechanician  calls  perfect  elasticity.  This 
is  a  quality  quite  familiar  in  many  cases ;  as  in  glass, 
tempered  steel,  &e.,  but  was  thought  incompetent  to 
lead,  which  is  generally  considered  as  having  little  or 
no  elasticity.  But  we  make  the  assertion  La  the 
most  general  terms,  with  the  limitation  to  moderate 
derangement  of  form.  TVe  have  made  the  same 
experiment  on  a  tlu-ead  of  pipe-olay,  made  by  forcing 
soft  clay  through  the  small  hole  of  a  syringe,  by 
means  of  a  screw ;  and  we  found  it  more  elastic  than 
the  lead-wire ;  for  a  thread  of  Tji^th  of  an  inch 
diameter  and  7  feet  long  allowed  the  index  to  make 
2  tui-ns,  and  yet  completely  recovered  its  first  posi- 
tion. But  if  we  turn  the  index  of  the  lead-wire  4 
times  round  and  let  it  go  again,  it  untwists  again  in 
the  same  manner,  but  it  makes  little  more  than  4 
turns  back  again;  and  after  many  oscillations,  it 
finally  stops  in  a  position  almost  two  revolutions 
removed  from  its  original  position.  It  has  now 
acquu-ed  a  new  arrangement  of  parts,  and  this  new 
arrangement  is  permanent  like  the  former ;  and  what 
is  of  particular  moment,  it  is  perfectly  elastic.  This 
change  is  familiarly  known  by  the  denomination  of 
a  set.  The  wire  is  said  to  have  "  taken  a  set." 
When  we  attend  minutely  to  the  procedure  of  nature 
in  this  phenomenon,  we  find  that  the  particles  have 
as  it  were  slid  on  each  other,  stiU  cohering,  and 
have  taken  a  new  position,  in  wliich  their  connecting 
forces  are  in  equihbrio :  and  in  this  change  of  relative 
situation,  it  appears  that  the  connecting  forces  which 
maintauicd  the  particles  in  their  fii-st  situation  were 
not  in  cqidlibrio  in  some  position  intermediate  between 
that  of  the  first  and  that  of  the  last  form.  The 
force  required  for  changing  this  first  form  augmented 
with  the  change,  but  only  to  a  certain  degree ;  and 
dm-mg  this  process,  the  couiicctiug  forces  always 
tended  to  the  recovery  of  this  111  'i  i,:;,,.  l;iit  after 
the  change  of  mutual  po  iii-   ,   :  1   i  i  rrtaiu 

magnitude,  the  union  has  ! il,  and 

the  particles  have  been  bruu^iiL  mu  n^„  tiiuulious- 


such  that  the  forces  which  now  connect  each  witli 
its  neighbour,  tend  not  to  the  recovery  of  the  first 
arrangement,  but  to  push  them  fui'ther  from  it,  into 
a  new  situation  to  which'they  now  verge,  and  require 
I  force  to  prevent  them  from  acquiring.  The  wu-e  is 
now  in  fact  agam  perfectly  elastic ;  that  is,  the  forces 
\\  Iiich  now  comieet  the  particles  with  their  neighbours 
uluent  to  a  certaui  degree  as  the  derangement  from 
1  ;:■■  new  position  augments.  This  is  not  reasoning 
lirim  any  theory.  It  is  narrating  facts  on  which 
a  theory  is  to  be  founded.  What  we  have  been  just 
now  saying,  is  evidently  a  description  of  that  sensible 
fonn  of  tangible  matter  whicli  we  call  ductiliti/.  It 
has  every  gradation  of  variety,  from  the  softness  of 
butter  to  the  fii'mness  of  gold.  All  these  bodies 
have  some  elasticity;  but  we  say  they  are  not 
perfectly  elastic,  because  they  do  not  completely 
recover  then-  original  form  when  it  has  been  greatly 
damaged.  The  whole  gradation  may  be  most  dis- 
tinctly observed  in  a  piece  of  glass  or  hard  sealing- 
wax.  In  the  ordinary  form,  glass  is  perhaps  the 
most  completely  elastic  body  that  we  know,  and  may 
be  bent  tUl  just  ready  to  snap,  and  yet  completely 
recovers  its  first  form,  and  takes  no  set  whatever ; 
but  when  heated  to  such  a  degree  as  just  to  be 
visible  in  the  dark,  it  loses  its  brittleness,  and  becomes 
so  tough  that  it  cannot  be  broken  by  any  blow ;  but 
it  is  no  longer  elastic :  it  fakes  any  st-t,  and  keeps  it. 
When  more  heated  it  bccnihi^  ;i-.  I'l-ii^^  ;;s  day,  but 
in  this  state  is  remarkalil v  1 1 1  1 1 1  - 1 -  i : .  1 1  i :  ■  m 1 1  clay  by 
a  quality  which  we  call  ;  ,      nuiethiug 

like  elasticity,  of  which  cl:i\  ami  i-ihri  Im,  I  us  purely 
plastic  exhibit  no  appearance.  This  is  the  joint 
operation  of  strong  adliesion  and  softness.  When  a 
rod  of  perfectly  soft  glass  is  suddenly  stretched  a 
little  it  does  not  at  once  take  the  shape  which  it 
acquires  after  some  little  time.  It  is  owing  to  this 
that,  in  taking  the  impression  of  a  seal,  if  we  take  off 
the  seal  while  the  wax  is  yet  very  hot,  the  sharpness 
of  the  impression  is  destroyed  immediately.  Each 
part  drawing  its  neighbour,  and  each  part  yielding, 
the  prominent  parts  are  pulled  down  and  blunted,  and 
the  sharp  hollows  are  pulled  upwards  and  also  blunted. 
The  seal  must  be  kept  on  till  all  has  become  not  only 
stifi'  but  hard;" » 

The  study  of  the  laws  of  elasticity  is  most  important 
in  an  industrial  point  of  view,  and  will  be  particularly 
illustrated  in  the  article.  Strength  or  Matesials. 
This  property  of  elasticity  contributes  eminently  to 
the  resources  of  art,  and  ministers  lai-gely  to  the 
uses  of  society.  "Were  it  not  for  this  property,  it 
would  be  in  vain  that  the  metals  shoidd  be  dug  out 
of  the  earth,  and  elaborated  into  various  utensils. 
Infinitely  more  brittle  than  glass,  they  would  imme- 
diately be  dashed  to  pieces  by  the  slight  shocks  to 
which  everything  is  more  or  less  subject ;  a  shower 
of  haU,  or  even  of  rain,  would  be  sufficient  to  indent 
their  surfaces,  and  the  impact  of  the  minute  particles 
of  dust  blown  against  them  by  the  wind  woidd  be 
sufficient  permanently  to  destroy  their  polish." — 
Moselcy. 

(1)  Robison  ;    System  of  Mechanical  Philosophy  vol  1. 
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ELECTRICITY.  Tlie  application  of  liglitimis- 
coaductors  to  buildings  and  skips,  in  order  to  protect 
them  from  tlie  destructive  effects  of  thunder-storms,  is 
a  sitffieient  reason  for  introducing  into  a  ■n^ork  ou  the 
Useful  Arts  such  an  account  of  tlie  principles  of  this 
beautiful  science,  as  -will  enable  the  reader  to 
appreciate  the  advantages  of  these  safeguards.  And 
tliis  is  the  more  necessary,  because  there  exists  a  great 
deal  of  misapprehension  on  the  subject,  not  only  in 
the  popular,  but  in  some  cases  in  the  professional 
mind ;  and  there  are  still  many  persous  to  bo  found 
who  would  sympathise  in  the  statement  advanced  by  a 
Civil  Engineer,  that  "  science  has  every  cause  to  dread 
the  thunder-rods  of  Eranklin :  they  attract  destruc- 
tion, aud  houses  are  safer  without  than  with  tbem." 

The  lightning  of  the  thunder-storm  is  a  display  of 
electricity  on  a  sublime  scale.  We  are  quite  ignorant 
of  the  real  nature  of  elecfririf--,  n-  f'lr  '  ',  ■  f  -i 
as  it  is  sometimes  caUcnl .  ;    J  ,  '  '        ' :    '  i 

where  present,  we  are  noi  ,1  1 

it  is  disturbed  or  excited  tn  ;i>ti<  11.  '1;  i^  A:a  .  i  ii;!i!c 
may  be  produced  in  a  great  varioty  of  ways.  The 
ancient  Greeks  discovered  that  when  a  piece  of  amber 
was  rubbed  it  acquired  tlie  power  of  drawing  light 
bodies  towards  it,  or  of  driving  them  away.  During 
many  ages  this  was  thought  to  be  peculiar  to  the 
amber,  and  hence  the  origin  of  the  term  electricity, 
from  the  Greek  word  for  amber,  ij\(KTpov.  Many 
other  substances  answer  the  purpose  equally  well; 
a  stick  of  resin  rubbed  with  flannel,  or  a  rod  of  glass 
rubbed  with  sUk,  exhibit  this  property,  and  become, 
as  it  is  called,  eleclrkallti  excited.  If  one  of  these 
excited  bodies  be  held  near  the  cheek,  a  sensation 
wiU  be  felt  similar  to  that  produced  by  drawing  a 
cob-web  over  the  face.  In  the  dark  tliese  excited 
bodies  are  faintly  lunrinous,  and  if  the  finger  be  held 
near  them,  a  small  spark  will  dart  to  it,  accompanied 
with  a  slight  snapping  noise. 

The  attractive  and  repulsive  properties  of  electricity 
can  be  illustrated  by  the  following  simple  experiment. 
Suspend  a  light  downy  feather  in  the  air,  by  means 
of  a  thread  of  white  silk ;  then  take  a  glass  tube 
about  3  feet  long  and  1  inch  in  diameter,  perfectly 
ch-y  and  clean,  and  rub  it  briskly  with  a  warm  silk 
handkerchief;  it  will  soon  become  excited,  and  on 
holding  it  within  a  few  feet  of  the  feather,  the  feather 
,  wUl   fly  up  to  it, 

and  remain  adher- 
ing to  it.  On  with- 
drawing the  tube, 
and  agaiu  bringing 
it  near  to  the 
feather,  it  wiU 
no  longer  be  at- 
tracted, but  re- 
pelled. The  feather 
win  escape  from 
the  action  of  the 
tube,  and  in  this 
•  '^"^  way  be  driven 
about  in  all  direc- 
howcvcr,  it  will  be  again 


attracted,  and  again  repelled,  as  before ;  and  this  at- 
traction aud  repulsion  may  be  repeated  several  times 
until  the  glass  has  lost  all  traces  of  free  electricity. 
Eigm-es  789,  790,  show  the  feather  in  the  state  of 
attraction  and  repulsion. 

In  this  experiment,  when  the  feather  is  attracted 
by  the  glass  tube,  it  takes  from  it  a  portion  of  electri- 
city, and  then  suffers  repulsion.  In  a  short  time  tlie 
feather  parts  ^^'ith  its  electricity  to  the  surrounding 
air,  and  is  then  in  a  condition  to  be  attracted  by  the 
tube ;  as  soon  as  it  has  obtained  a  fresh  supply  of 
electricity  it  is  repelled  as  before.  In  the  meantime 
the  tube  also  parts  with  its  electricity,  and  at  length 
becoming  neutral  exerts  no  further  nrliou  on  the 
feather.  We  see,  thcrrr^iv  tl  ,1  !■,■  l-  t'!!  r  ha^^ng 
obtained  a  share  of  oln! :  h     ,   1       l:;:i',s,  is  re- 

pelled by  it,  and  as  tins  1.  ..ih-M.ii  ..m   !><' jiroved  in  a 

1'      I '' >  h'ical  law  that  bodies  similarly 

1 1  1  i  I  i  -  r ',  I  -r  I  r  1 1  r  1 1 1  1)0  rcpcatod  with  a  stick  of  resin 
rubbed  with  dry  flannel  instead  of  glass  rubbed  with 
sUk,  the  same  result  will  be  produced,  and  there  will 
not  appear  to  be  any  difference  between  the  electricity 
of  glass  aud  that  of  resin.  But  ou  ijrcscntinn-  to  the 
feather  first  the  excited  glass  ami  Umm  il'<>  (  ncmiiI 
resin,  we  shall  observe  this  reiii:i.'  i  ^    ;    ,'   '.• 

the  excited  glass  is  repelling  the  1> ..  ,,i  ,  ■.'.>■.■  i  m  iini 
resin  \ri&.  attract  it ;  or,  on  the  coutnuv,  it  wc  hrst 
repel  the  feather  with  the  resin  the  glass  will  attract 
it.  Or,  if  the  excited  glass  be  held  on  one  side  of  the 
featlier,  and  the  resin  on  the  other,  the  feather  will 
be  alternately  attracted  aud  repelled,  and  will  swing 
to  and  fro  between  the  two  electrics. 

Now,  there  must  evidently  be  some  difference 
between  the  electricity  of  glass  and  that  of  resin, 
since  bodies  which  are  repelled  by  one  are  attracted 
by  the  other.  The  electricity  from  glass  is  termed 
vitreons,  and  that  from  resin  minojis;  they  are  also 
known  ?is positice  and  ;<•;  -'/  \  mil  :.iv  if|ii'csentcd 
by  the  symbols  +  phis.  :  ■!  Inxly  elec- 

trified by  vitreous  elern;.  '.  _  i  lu  Ijo  in  a 
positive  state,  and  that  b;.  it-mi  m  a  nr.'ntivc. 

We  have  seen  by  the  last  experiment,  that  bodies 
dissimilarly  electrijied  attract  each  other.  By  varying 
the  mode  of  performing  these  experiments  we  may 
learn  another  important  truth.  Eor  example,  while 
the  feather  is  being  repelled  by  the  glass  tube,  bring 
near  to  it  that  part  of  the  sUk  handkerchief  which 
was  used  to  rub  the  tube,  and  it  will  attract  it.  Or 
if  we  first  present  the  linnrllmTli-rf  f-  tl-e  feather,  it 
wUl  fi.r3t  attract  it  ami  i'.  ,  i  i  I  i  i.l  while  in 
this  state  of  repulsion,  il  •  ■   :  :  ,  tube  be 

held  near,  it  will  attract    ilie  i     >  llrnre  it  is 

obvious  that  the  glass  and  the  m1:,  V  .,,,1..;' 
states  of  electricity,  the  glass  vii 
and  the  sUk  resinous  or  negative.  _\  .1  1  1  .i 
will  be  obtained  from  the  resin  and  t';.:  ll  t,  1.  I,  e  Jy 
it  will  be  found  that  the  resin  is  negative,  and  the 
flannel  positive.  Hence  we  arrive  at  the  important 
law,  that  one  kind  of  electriciti/  cannot  be  produced 
withovt  the  production  also  of  the  other  kind;    and 
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although  tne  two  kinds  of  electricity  are  distinguished 
by  the  terms  positive  and  negative,  yet  there  is  every 
reason  to  believe  that  one  is  as  much  a  positive  force 
as  the  other ;  for  it  is  impossible  to  produce  one  upon 
any  body  without  the  other  appearing  somewhere, 
either  in  near  or  distant  bodies,  just  as  it  is  im- 
possible to  pull  against  a  fixed  point  without  ehcitmg 
in  that  point  an  equal  and  opposite  force. 

All  solid  substances  admit  of  being  electrically 
excited  by  friction,  but  in  a  large  nimiber  of  them 
the  electricity  disappears  as  fast  as  it  is  formed,  and 
hence  escapes  notice.  If  a  rod  of  metal  be  held  in 
the  hand,  and  rubbed  with  silk  or  flannel,  it  would 
exert  no  action  on  the  feather,  because  all  the 
electricity,  as  fast  as  it  was  formed,  would  flow  or  be 
conducted  through  the  body  of  the  operator  into  the 
earth.  But  if  the  rod  of  metal  be  provided  with  a 
handle  of  glass  or  of  resin,  and  then  rubbed  against 
a  piece  of  dry  warm  flannel,  it  wiQ.  attract  and  repel 
the  feather.  It  is  evident  therefore  that  the  glass  or 
resinous  handle  iimdates,  or  separates  from  sm-- 
rounding  objects,  the  metal  tube,  and  prevents  the 
electricity  from  quittmg  it.  Other  substances  would 
do  so  in  diiferent  degrees,  and  hence  bodies  are 
arranged  with  reference  to  their  conducting  powers. 
The  metals  are  by  far  the  best  condnetors ;  next  to 
them  in  conducting  power  come  well-burned  charcoal, 
plumbago,  concentrated  and  diluted  acids,  and  saline 
fluids,  water  and  moist  vegetable  matter,  licing  animal 
matter,  flame,  smoke,  and  steam.  All  these  substances 
vary  greatly  in  conducting  power.  Among  imperfect 
conductors  are  earth  and  stone,  di-y  chalk  and  lime, 
marble  and  porcelain,  paper  and  alkaluie  matter. 
StiU  less  perfect  conductors  are  diied  vegetable  and 
animal  substances,  parchment,  leather,  feathers,  oil 
and  fatty  substances,  pitch  and  silk.  Among  the 
worst  conductors  are  fur  and  hair,  di-y  air  and  gases, 
steam  at  a  very  high  temperatm-e,  glass  and  all 
vitreous  bodies,  gems,  talc,  amber,  resuis,  brimstone 
and  shell-lac.  By  taking  these  substances  in  the 
reverse  order,  we  have  a  list  of  electrics  or  insulators  ; 
those  substances  which  are  used  for  exciting  electri- 
city being  the  worst  conductors,  and  consequently  the 
best  insulators;  while  those  bodies  which  are  the 
best  conductors  are  the  worst  electrics  and  the  worst 
insulators.  It  must  however  be  borne  in  mind  that 
no  substance  perfectly  conducts  or  perfectly  insulates. 
The  insulating  and  conducting  power  is  a  difference 
of  degree  only ;  but  the  extreme  differences  are  so 
great,  that  bodies  at  one  end  of  the  list  may  be 
regarded  as  uisulators  and  electrics,  and  those  at  the 
other  as  conductors  and  non-electrics.  The  difl"erence 
between  a  good  conductor  and  a  bad  one  may  be 
Ulustrated  by  the  fact  that  ii-on  wu-e  conducts 
electricity  400,000,000  times  better  than  pui-e 
water ;  or  in  other  words,  the  electricity  meets  with 
no  more  resistance  in  passing  through  an  iron  rod 
400,000,000  of  inches  long,  than  in  passing 
tlu-ough  a  column  of  water  of  the  same  diameter 
only  1  inch  long.  The  rapidity  with  which  elec- 
tricity travels  is  very  wonderful.  It  has  been  proved 
by  experiment  that  electricity  moves  through  a  copper 


wire  fs  inch  in  diameter,  and  about  J  mile  in  length, 
at  the  rate  of  576,000  miles  in  a  second  of  time,  a 
velocity  greater  than  that  of  light. 

It  will  not  be  necessary  for  our  present  pui-pose  to 
describe  the  electrical  machine.  It  consists  essen- 
tially of  a  large  plate  or  cylinder  of  glass  revolving 
between  or  against  fixed  cushions ;  and  as  the  elec- 
tricity is  formed,  it  is  taken  off  by  an  insulated  metal 
conductor,  and  from  this  it  is  accumulated  in  jars,  or 
otherwise  disposed  of,  in  such  a  manner  as  to  enable 
us  to  study  its  properties  and  exliibit  its  effects. 

Now  it  is  important  that  we  should  understand  the 
method  by  which  electricity  is  accumulated.  This  is 
usually  done  by  means  of  the  jar,  which  was  first 
used  by  Muschenbroeck  at  Leyden,  in  1745,  'and 
hence  called  the  Lej/den  jar.  The  prmeiple  of  this 
valuable  instrument  will  be  understood  from  Fig.  791, 


■n  Inch  represents  a  pane  of  glass  partially  coated  on 
both  sides  with  tm  foil,  leaving  a  margin  of  about  an 
inch  of  the  glass  uncovered.  This  plate  being  sup- 
ported on  a  stand  made  of  some  good  conductor,  such 
as  metal,  as  in  Fig.  792,  we  have  two  conducting 
surfaces  of  tin-foil,  p  aud  n,  the  first  insulated  by  the 
pane  of  glass,  and  the  other  communicating  freely 
with  the  earth.  Let  a  charge  of  electricity  be  com- 
municated to  the  sm-face  p,  either  by  means  of  the 
excited  glass  rod,  or  by  a  eanier-ball,  i.  e.  a  ball  of 
metal  hanguig  from  a  silk  thi-ead,  and  charged  with 
electricity  from  the  electrical  macliiue.  We  know  from 
a  previous  experunent  what  the  effect  will  be  ;  an 
equal  charge  of  electricity  of  the  opposite  kind  will 
immediately  be  produced  on  the  opposite  conducting 
surface  n,  just  as  the  glass  tube  and  the  sUk  hand- 
kerchief produced  upon  each  other  equal  charges  of 
dissimilar  electricity. 

These  two  surfaces,  thus  charged  with  dissimilar 
electricities,  attract  each  other,  according  to  the  law 
ah-eady  stated ;  and  tliis  attraction,  or  tendency  of 
the  two  equal  and  opposite  forces  to  unite,  so  as  to 
produce  the  neutral  state,  or  state  of  electrical  equi- 
librium, is  so  great 
that  in  many  ci 
the  glass  between  t 
the  two  is  fractured. 
But  if  a  communi- 
cation be  made  be- 


'^^ 


tween  the  two  surfaces  by  means  of  a  good  conductor, 
as  in  Fig.  793,  by  means  of  brass  wires  terminating 
in  knobs,  a  spark  passes  between  the  knobs,  the  two 
electricities  unite,  and  equilibrium  is  restored. 

The  Leyden  jar.  Fig.  794,  is  a  more  convenient 
foi-m  of  apparatus  than  that  just  described.  It  is  a 
glass  jar,  or  wide-mouthed  bottle,  covered  with  tin- 
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foil  wItWn  and  without,  except  a  few  inches  near 
the  top.  The  cover  of  the  jar  is  a  piece  of  mahogany, 
llirough  the  centre  of  wliich  passes  a  brass  wire  witli 
a  knob  at  the  top  and  a  chain  at 
the  lower  extremity,  wliich  extends 
down  to  the  bottom  of  the  jar,  and 
remains  in  contact  with  the  inner 
iii.tallic  sm-face.  On  holding  the 
l.:iijl)  of  the  jar  to  the  prime  con- 
d  iirtor  of  an  electrical  machine,  while 
its  plate  or  cylinder  is  being  turned, 
sparks  will  fly  off  to  the  knob,  and 

'  ' passing  down  the  wire  and  chain  into 

tJic  jar,  will  communicate  to  the  imier  surface  of  the 
glass  a  charge  of  electricity,  while  the  outside  of  the 
jar  will  receive  an  equal  charge  of  electricity  of  the 
opposite  kind.  The  jar  is  now  said  to  be  charged , 
aud  if,  whUe  holding  the  jar  ou  the  outside  with  one 
hand,  the  other  hand  be  brought  to  the  knob,  a  com 
municatiou  will  thus  be  made  by  means  of  a  conducting 
substance  between  the  electricities  on  the  inside  and 
the  outside  of  the  jar ;  they  will  unite  with  a  flash  of 
light  aud  a  crackling  noise,  and  in  doing  so  will 
give  a  violent  shock  to  the  person  who  holds  the  jar. 
A  number  of  these  jars  collected  together  iu  such 
a  way  that  all  the  niilMjr  v.Mn.-.  ..ic  connected 
together  by  means  of  ;.  ■  i  -:-  .  ■.  .  .n)d  aU  the 
inside   coatings  siniil.'uli    •  ■■     .'         .    .     ;iis  what  is 

rioity,  the  effects 


of  which 


Itself.     By  t 


i  of 


ictallic  coatings 
which  T.-crc  equal  to  'Jl'j  square  feet.  Van  Mar^ 
gave  polarity  to  steel  bars  9  inches  long,  nearly  half 
an  inch  wide,  and  •j'jth  inch  thick.  A  piece  of  box- 
wood, 4  inches  in  diameter,  and  4  inches  long,  was 
rent  in  pieces.  It  melted  various  metals,  and  dis- 
persed them  in  all  directions.  An  iron  wire,  25  feet 
long,  and  about  Tratl'  inch  diameter,  fell  under  the 
shock  into  red-hot  bails,  dispersing  in  all  directions. 
A  piece  of  tin  wire,  S  inches  long,  and  iVth  inch 
diameter,  disappeared  in  a  cloud  of  blue  smoke, 
throwing  down  red-hot  globules  of  tin,  which  re- 
licati-dly  rebounded  from  a  piece  of  paper  beneath  it. 
Duriii!,'  such  experiments,  an  observer  remarked  that 
tlie  reiiort  was  so  loud  as  to  stun  the  ears,  and  the 
Ikish  so  bright  as  to  dazzle  the  sight.  When  the 
discharge  v.'as  passed  through  small  aninuds  it  deprived 
themoflife. 

Van  Jtarum's  electrical  machine  consisted  of  two 
circular  plates  of  glass,  each  5  feet  5  inches  in 
diameter,  set  on  the  same  axis,  and  excited  by  re- 
volving with  friction  between  S  cushions,  each  about 
15  inches  long  and  2  inches  wide.  The  power  of 
this  instrument  was  such  that  bodies  at  the  distance 
of  10  feet  were  sensibly  influenced ;  at  the  distance 
of  28  feet,  pointed  wires  were  tipped  with  a  star  of 
light ;  aud  a  powerful  cm-rent  of  brilliant  light,  2  feet 
or  more  in  length,  crooked,  and  darting  forth  luminous 
brushes  into  the  aii-,  was  obtamed  by  presenting  a 
metaUio  ball  in  connexion  with  the  earth  to  its  prime 
conductor.     A  single  spark  molted  a  considerable 


length  of  gold-leaf,  and  fired  various  kinds  of  com- 
bustibles. 

To  be  able  to  produce  and  cmifrol  such  cft'eels  as 

Withlig]lt;i  :■    '    1         h    .   '  ..:,.:  I    ;■,.      I,v.  ,    ui 

the  proJiie;  ■,;,,,!  II    ;■■..■.    .    i ..      ,  I . .,'    i,,i:  iirul 

buildings  and  oui-  ships  from  its  destructive  attacks. 
Let  us,  therefore,  endeavour',  with  the  assistance  of 
the  principles  established  by  the  shnple  experiments 
already  described,  to  trace  the  electrical  conditions 
of  a  thunder-storm. 

It  has  been  shown  that  one  kind  of  electricity 
cannot  be  produced  without  the  production  also  of 
the  other  kind.  By  the  friction  of  the  glass  tube 
with  the  silk  the  one  is  made  -f  and  the  other  — ; 
the  stick  of  resin  is  made  —  by  the  flannel,  which  in 
its  turn  becomes  -j-  ;  the  square  of  glass,  Fig.  791, 
being  electrified  positively  on  one  surface,  becomes 
negative  on  the  other.  In  these  cases,  the  two 
opposite  electricities  are  developed  very  near  to  each 
other.  In  the  glass  plate  thoy  are  separated  ouly  by 
the  thickness  of  the  glass.  If  we  suppose  this 
thickness  to  be  greatly  increased,  aud  that  instead  of 
a  thin  pane  of  window-glass  we  have  a  block  of  glass 
several  feet  thick,  partly  covered,  as  before,  with  tin- 
foil, the  metallic  surface  f,  Fig.  795,  will  l)c  insulated 
by  the  non-condactiug  glass, 
while  N  communicates  as  before 
with  the  earth.  On  giving  a 
charge  of  positive  electricity  to 
P,  there  will  innncdiately  be 
negative  electricity  at  n.  Now 
suppose  that,  instead  of  this 
arrangement,  p  is  a  collection 


of  clouds,  as  in  Fit:. 

790, 

and  N  a  portion  of  the 

earth's  SUllaer   imiiir,! 

below  them,  and  that  the 

air  betwei  :,    : 

iilating  body,  instead  of 

glass.      TK. 

clouds,       liom   . 

■-..   ^" 

some    natm-al   ^\ 

cause,     which 

has   not   been 

«s^ii, 

explained,  be- 

coming electri- 

that    part    of  i^»t^^^^^^;^^ 

face     immedi- 

Fis,. 703. 

ately  below  them  into 

an 

pposite  state,  and  tliis  is 

done  tlirough  the  intervention  of  the  insulating  mass 
of  air  between  the  two.     Suppose  the 
shaded  circles  in  Fig.  797  to  represent      ^      ^ 
particles  of  this   interposed  air  in  a 
neutral   state,  in  which  the   natural     A       (^ 
share  of  electricity  belonging  to  each 
particle  is  equally  diffused  through  it.     A      Q 
If  one  of  these  particles  becomes  elec- 
trified, we  may  suppose  that  all  the       ^'S-  '°"- 
electricity  of  one  kind  is  accumulated  in  the  upper 
half  of  the  particle,  and  all  the  electricity  of  the 
other  kind  to  be  in  the  lower  half,  as  represented 
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ia  tlie  second  group  of  circles.  Now,  somctliiug 
of  this  kind  of  action  goes  on  among  the  innume- 
rable particles  of  air  between  the  thunder-cloud  and 
the  earth  or  sea  beneath  it.  Let  us  trace  the  action 
of  four  of  these  particles.  If  the  cloud  p.  Fig. 
79S,  be  positive,  the  npper  half  of  the  first  particle 
wUl  be  thrown 
into  a  negative 
state,  and  the 
lower  half  into 
a  positive  state : 
tliis  lower  half 
of  the  first  par- 
ticle, acting  on 
the  upper  half 
of  the  second 
particle,  will 
render  it  nega- 
tive. The  second 
*''^-  "'■  iialfof  thesecond 

particle  vriU  be  +  :  this  will  render  the  upper  half 
of  the  third  particle  —  :  and  the  lower  or  +  half 
of  the  third  particle  will  render  the  upper  half 
of  the  fom-th  particle  — ,  and  the  lower  half  +, 
which  will  render  the  earth  beneath  it  — .  Kow,  as 
the  clond  p  may  present  to  the  eartli  a  sm-face  of 
several  hundred  square  acres,  and  as  the  space 
between  the  cloud  and  the  earth  is  occupied  with 
myriads  of  aerial  particles,  all  of  which  are  being 
acted  upon  in  this  manner,  wc  may  gain  some  idea  of 
the  enormous  quantity  of  electricity  disturbed.  As 
bodies  in  opposite  states  of  electricity  attract  each 
other  and  tend  to  combine,  so  these  particles  of  air, 
the  thunder-cloud,  and  the  earth,  exert  an  attraction 
towards  each  other  which  becomes  more  powerful  as 
the  electrical  excitement  continues,  uutH  at  length 
the  whole  system  breaks  down,  the  two  electricities 
rush  together  with  violence,  producing  what  is  called 
the  disruptive  discharge,  or,  in  other  words,  the  well- 
known  phenomena  of  lightning  and  thunder. 

It  is  of  no  consequence  in  this  arrangement 
whether  the  clond  be  positively  or  negatively  elec- 
trified, the  effect  is  the  same.  If  the  cloud  be 
negative,  that  portion  of  the  earth  beneath  it  wid  be 
electrified  positively. 

As  the  cloud  and  the  earth  are  in  opposite  states, 
and  are  separated  by  the  badly  conducting  air,  it  is 
evident  that  if  a  good  metaUio  conductor  were 
erected  of  sufficient  size  to  reach  from  the  earth  n  to 
the  cloud  p,  the  electricity  of  the  clond  would  be 
drawn  qiuetly  down  into  the  earth  without  any,  or 
at  least  with  only  a  very  small  cxcit.-ition  of  the 
intei-mediate  air.  If  instead  of  this  rod  we  had  a 
system  of  good  and  bad  cond  ctors  such  as  a  church 
tower,  the  lightning  would  pick  out,  as  it  were,  the 
easiest  path,  moving  with  facility  along  metallic 
bodies,  and  even  appearing  to  go  out  of  its  way  to 
pick  them  out.  So  long  as  the  lightning  moves 
along  a  good  conductor  it  does  no  harm,  but  the 
moment  it  meets  with  bad  conductors  which  delay 
its  passage  even  for  an  instant,  its  destructive 
powers   accumulate   with   fearful   rapidity,  and  the 


most  solid  materials  yield  to  it  as  if  to  some  irre- 
sistible expansive  force. 

The  electrical  conditions  of  a  thtmder-storm  may 
therefore  be  thus  briefly  summed  up : — The  con- 
ducting surfaces  of  the  clouds  and  of  the  earth  are 
the  terminating  planes  of  a  highly  excited  mass  of  air 
which  separates  them  :  and  this  state  of  things  con- 
tmues  until  the  electrical  excitement  of  the  arr  has 
attained  the  highest  pitch,  so  that  any  tendency  to 
further  excitement  renders  the  air  incapable  of 
resisting  the  combination  of  the  two  opposite  elec- 
trical forces.  The  whole  system  of  electrified  par- 
ticles of  air  becomes  overturned,  and  a  ™lent  re- 
union of  those  opposite  forces  instantly  takes  place. 
Such  a  discharge  is  generally  of  a  sudden  and  violent 
character,  and  is  the  cause  of  the  damage  to  im- 
perfectly conducting  bodies  on  the  earth's  sm-face. 

Among  the  numerous  recorded  cases  of  houses  and 
ships  bcLug  struck  by  lightning,  it  is  curious  in  many 
instances  to  notice  the  devious  path  of  the  lightning, 
which  takes  advantage  of  all  the  metallic  bodies  in 
its  passage  as  so  many  stepping-stones  to  facilitate 
its  descent  to  the  earth  or  the  sea.  Tor  example, 
in  a  case  described  by  Professor  Hem-y,  the  lightiung 
struck  the  top  of  the  chimney,  passed  do-rni  within 
the  flue  to  a  point  opposite  a  mass  of  iron  placed  on 
the  floor  of  the  gan-et,  where  it  pierced  the  chimney ; 
thence  it  passed  explosively,  breaking  tlie  plaster, 
into  a  bed-room  below,  where  it  came  in  contact 
with  a  copper  bell-wire,  and  passed  along  this 
horizontally  and  quickly  for  about  6  feet ;  thence  it 
leaped  explosively  through  the  air  a  distance  of 
about  10  feet  through  a  dormer  window,  breaking 
the  sash,  and  scattering  the  fragments  across  the 
street.  It  was  evidently  led  to  this  point  by  the 
upper  end  of  a  perpendicular  gutter,  which  was 
near  the  window.  It  passed  silently  down  the 
gutter,  exliibiting  scarcely  any  mark  of  its  passage 
until  it  an-ived  at  the  termination,  about  a  foot  from 
the  ground.  Here  again  an  explosion  appears  to 
have  taken  place,  since  the  windows  of  the  cellar 
were  broken.  A  bed  in  which  a  man  was  sleeping  at 
the  time  was  situated  against  the  wall,  immediately 
under  the  bell-wire,  and  although  liis  body  was 
parallel  to  the  wire  and  not  distant  from  it  more 
than  4  feet,  he  was  not  only  xuiiiijured,  but  not 
sensibly  affected.  The  size  of  the  hole  in  tlie 
chimney,  and  the  fact  that  the  lightning  passed 
along  the  upper  wire  without  melting  it,  show  that 
the  discharge  was  a  small  one,  and  yet  the  me- 
chanical effects  in  breaking  the  plaster  and  projecting 
the  window-frame  across  the  street,  were  astonish- 
ingly great. 

In  tracmg  the  course  of  any  discharge  of  liglitnirg 
through  a  buUding  or  a  ship,  the  damage  is  always 
found  to  be  produced  where  good  conductors  cease 
to  be  continued ;  the  lightning  follows  the  line  of 
least  resistjince  in  its  passage  to  the  earth ;  it  does 
not  go  out  of  its  way  to  strike  upon  detached  masses 
of  metal,  provided  it  has  a  metaUio  conductor  of 
sufficient  capacity  to  conduct  it  to  the  earth.  This 
is  illustrated  in  a  capital  experiment  by  Sh-  W.  Snow 
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Harris  Let  some  small  detached  pieces  of  leaf 
o-od  abe  d  &c  Fig  799  be  laid  on  a  piece  of  i  apei  m 
any  eisuil  way  and  let  a  d  sruj  t  ^  e  d  soba  ge  find  its 
w  y  over  t!  ese  detached  conductois  fiom  then  con 
n  encement  at  a  to  their  tennmat  on  at  b  If  tli" 
d  charge  be  sufficient  to  bum  up  the  gold  and 
bhcken  the  paper  its  comse  will  be  very  co  ijlet  ly 
';howii  and  it  w  11  bo  m  the  dotte  I  1  no  a  i  </  c  ic 
lig  800  as  coi  el  fiom  th»  result  of  an  act  i  1  c\ 
pen  eut  Tl  e  Ed  toi  1  as  ■:e\ei  d  of  tl  esc  npeis  in 
lis  lossession  tie  lesiltsof  exieumcnts  peifonned 
in  1  is  presence  by  &u  ^\  Snow  Harrib  It  wiU  be 
obsen  ed  that  tl  e  p  eces  c  an  1  iC  aie  lu  touched  by  the 
disehaiee  because  iiom  then  iclative  positions  tl  ey 
lie  of  no  Use  m  facilititmg  the  piogiess  of  the 
'<hoclv  and  tl  at  poitions  of  othei  pieces  aio  left, 
peiteot  tiom  the  sane  cause  thus  the  tians\eise 
[lece  z  is  bhckeucd  only  in  its  ecntial  part  ai  1 
poitions  of  a  b  clef  Ic  leman  peifcot  so  little 
tendency  is  theie  m  the  dischaige  to  attack  auv 
substance  not  esse  itial  to  its  piogiess  If  si  all 
paiticles  of  imperfect  conducting  n  attei  such  s 
fiagments  of  wafeis  be  placed  in  tl  e  mtei^  Is 
1  etween  the  pieces  of  gold  lig  SOO  those  m  tit 
coiise  abfl  S.C  will  be  dispeisel  in  all  diiectio  s 
while  those  out  of  that  hue  will  be  undisturbed ;  and 
this  will  be  the  case,  whether  the  thickness  of  the  gold 
be  suflieient  to  transmit  the  discharge  -nithout  dis- 
persion of  its  parts  or  not.  These  separated 
pieces  of   leaf-gold  may  be  taken  to  I'opreseiit  de- 


and  without.  An  eye-witness  says  — "  A 
transcendently  white  hgl  t  bui  st  upon  us  it 
the  whole  space  around    and  appeared  u 


lelatclj 


tached  conductors  placed  at  random  in  a  building  or 
in  the  masts  and  hull  of  a  ship ;  and  the  general 
result  in  determining  the  course  of  the  discharge  of 
lightning  will  be  found  to  be  the  same. 

A  praelicai  illustration  of  this  experiment  is  shown 
in  Fig.  801,  which  is  a  representation  of  the  spire  of 
St.  Michael's  church  at  Black  Rr,e'-  r"i-  PoH-,  ^^  >> 
appeared  on  the  morning  of  tlir  ."."1  '  '  I' 
after  being  damaged  by  lightnir  - 
night.   This  spire  was  buflt  of  liiiii'<  '      •'. 

ened  by  iron  cramps  and  bars  in  the  ii^n  '1  w.-iy^ulinu 


over  our  heads ;  at  the  same  instant  a  sharp  tremulous 
spark  ran  down  the  steeple  of  the  church ;  tliis  was 
accompanied  by  an  astounding  noise,  vastly  greater 
tlian  that  of  artillciT.  The  top  of  the  spire  was  swept 
away  ;  the  remnant  twisted  in  various  places ;  the 
square  stce|ilc  was  rent,  and  the  stones  scattered  in 
all  diroclions."  The  damage  to  the  steeple  was 
ehietly  in  a  strait^lit  line  on  the  -nTudward  side,  which 
probably  received  the  greatest  quantity  of  rain,  and 
so  rcuderod  it  the  least  resisting  line,  but  not  of  sufli- 
eient conduetibility  to  carry  off  the  discharge  without 

Such  of  our  readers  as  desire  to  study  the  subject 
nf  Ihmidcr-stoi-ms  in  full  detail,  are  referred  to  the 
\  •  .':     i|ii    -It   loM-,  which  are  our  authorities  m  (Ids 
'     1      '        works  will  be  found  a  midtitude  of 
>  if  I  lie  various  phenomena  of  liglitniu?, 

'  I  '     '  1   ]iioiliicinrc  an  odour  of  siilphu), 

rhcniiialii  i     1     nai  (jf  metals,  and  vitrifica- 

tions anil  I  lis  astonishing  mechanical 

effects,  ami  .'  .i  ■  i  :m'Is,  are  also  abundantly 
illustratuil .  ...  ai^j  lui  ...turn  of  liditning  upon  a 
mixed  system  of  good  and  bad  eoudiielMis,  as  shown 


by  a  detailed  account  of  the  dan 
Church,  Fleet  Street,  London,  i 


St    r.ildr's 
-    .Alariiu's 
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Chui-cb,  Loudon,  iu  1842;  St.  George's  Church, 
Leicester,  in  184G. 

We  will  give  a  few  details  respecting  the  last 
named  chui-ch,  which  was  seriously  damaged  by 
lightning  in  1846,  selected  from  those  which  were 
furnished  to  the  editor  by  W.  Parsons,  Esq.,  the 
architect  of  the  church.  The  storm  occurred  on  the 
1st  of  August.  At  two  in  the  morning  of  that 
day,  it  visited  the  Channel  Islands;  it  then  raged 
violently  in  the  neighbourhood  of  London,  and 
tlirouglimit  t';^  ^n'lili-rf'-'^'mi  counties;  and  at  five  in 
the  afii  li,-  :  i  .1  I  1.'  I-  rster,  when  it  contuiued 
with   Kin::     '■     '.     '  l:-!'  four  hours,  without 

signs  of  ::!'  :  ::  'i,  :'ii:i  \  :"■  not  entu-ely  over  till 
midnight,  it  was  at  iivc  minutes  past  eight  o'clock, 
after  some  tremendous  peals  of  thunder,  that  the 
church  was  struck.  At  the  same  instant,  there  was  a 
report  resemblmg  the  discharge  of  artillery,  and  a 
concussion  of  the  air  which  shook  the  neighbouring 
houses,  and  extinguished  a  lamp  burning  many 
hundred  feet  distant.  The  fatal  flash  appeared  like  a 
vivid  stream  of  light,  followed  by  a  red  and  globular 
mass  of  fire,  and  darting  obliquely  from  the  north- 
west, with  immense  velocity,  against  the  upper  part 
of  the  spire. 

The  results  of  this  stroke  were  as  follows.  For  the 
distance  of  49  feet  on  the  eastern  side,  and  nearly 
70  on  the  west,  the  massive  stone-work  of  the  spire 
was  instantly  rent  asunder,  and  laid  in  ruins.  Large 
blocks  of  stone  were  hurled  in  all  directions,  broken 
into  small  fragments,  and  in  some  cases,  there  is 
reason  to  believe,  reduced  to  powder.  One  fragment, 
of  considerable  size,  was  hurled  against  the  windoM' 
of  a  house  300  feet  distant,  shattering  to  pieces  the 
woodwork,  as  well  as  foui-teen  out  of  sixteen  panes 
of  glass.  It  is  computed  that  on  this  occasion  100 
tons  of  stone  were  blown  to  a  distance  of  thirty  feet, 
ill  three  seconds.  The  top  of  the  spire,  when  left 
^vithout  sui>}iort  beneath,  fell  perpendicularly  inside 
the  steeple,  causing  much  devastation ;  fii-st  breaking 
through  the  upper  story,  and  carrying  away  the  bell 
and  its  solid  supports,  then  entermg  the  clock-room  and 
breaking  the  works,  and  afterwards  descending  through 
two  other  strong  floors,  until  it  reached  the  paved  vesti- 
bule, where  it  broke  in  a  portion  of  the  foundation  arch. 

The  damage  to  the  spire  was  not,  however,  the  sole 
mischief  done  by  the  lightning.  The  pinnacles  at  the 
angles  of  the  tower  were  all  more  or  less  damaged, 
the  flying  buttresses  cracked  through  and  violently 
shaken,  many  of  the  open  battlements  at  the  base  of 
the  spire  knocked  away,  the  roof  of  the  church  com- 
pletely riddled,  the  roofs  of  the  side  eutrances  de- 
stroyed, and  the  stone  staircase  of  the  galleryshattered. 

The  course  of  the  hghtning  (see  Eg.  802)  appears 
to  have  been  as  follows.  Tlie  flash  first  struck  the 
gilt  vane,  and  left  its  mai'ks  upon  the  bevelled  edges. 
Traversing  the  spmdle  and  iron  supports,  its  only 
path  left  was  through  a  series  of  ii-on  clamps 
separated  by  masses  of  sandstone.  Here  the  explo- 
sion commenced,  and  the  stone  was  luuled  aside  as 
the  lightning  descended  to  the  lowest  lead-Kghts  of 
the  spire       Most  of   these   clamps  were  rendered 


powerfully  magnetic,  and  one  of  them  sustamed  ?. 
brush  of  steel  filings  at  its  edges  after  an  iuteiTal  of 
eight  weeks.  The  lattices  of  the  lights  on  three  sides 
of  the  spire  were  little  injured,  but  on  the  fourth,  the 
lattice  was  singularly  twisted,  and  partially  fused. 


Here  the  bghtnmg  diverged  to  the  north-west  pinnacle, 
attracted  apparently  by  the  copper  bolt  which  held  the 
stones  together.  It  also  traversed  the  large  oast-iron 
pipe  on  the  other  side  of  the  spire,  reaching  from  the 
tower  battlement  to  the  roof,  and  on  meeting  with  an 
inequality  in  the  surface  of  the  metal,  it  bm-st  open 
and  scattered  to  a  distance  portions  of  great  solidity 
and  weight.  The  Hghtning  descended  by  the  leaden 
gutters  from  the  roof  of  the  chm-eh  to  the  earth. 
The  course  of  the  remaining  current  in  the  interior 
of  the  tower  was  traceable  first  on  the  lattices  of  the 
belfry,  then  in  the  clock-room,  where  the  works  were 
strongly  magnetized,  thence  in  three  different  direc- 
tions to  the  outside  of  the  tower.  The  faces  of  the 
clock  were  not  much  altered,  but  the  hands  were  dis- 
coloured, and  small  streaks  were  discernible  on  the 
dial-plates,  as  if  they  had  been  smeared  with  a 
painter's  brush.     On  quitting  the  dial-plates  on  the 

lighfiiiP.    ■■.  'I    ,•::-':!.,:■■'        ■■      ',"■.  '.   ;:.,] 


edges  of  the 
us,  besides  the 
it  of  the  spire, 
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there  was  a  second  divisiou  in  at  least  three  directions 
from  the  clock-room  and  dial-faces.  The  cm-rent  had 
been  diffused  also  in  an  estraordiuaiy  manner  over  the 
roof,  and  in  almost  every  place  where  one  piece  of 
metal  overlapped  another,  a  powerful  explosion  had 

The  damage  to  our-  public  buildings,  and  even  to 
private  houses,  from  lightning  is  a  matter  of  common 
notoriety,  and  is  reported  in  the  newspapers.  It  is 
tar  otherwise  with  ships  out  in  the  ocean :  when  they 
suffer  from  lightnmg  an  entry  is  made  in  the  sliip's 
log,  but  the  public  probably  hears  nothing  on  the 
subject.  And  yet  the  eifects  of  lightiuug  in  the 
British  I^avy  have  been  most  disastrous.  Sir  W. 
Snow  Harris  has  proved  that  since  the  commence- 
ment of  the  war  in  1793,  more  than  250  ships  suffered 
damage  in  thunder-storms.  lu  150  cases  of  dauKige, 
most  of  which  occuiri  il  ll.•!^■.■(;l  il;r  \r;u-.  i;'.''Ja,.l 
1815,  nearly  100  h.w,  .  :   i  ' 

and  frigates,  with  a  I"  ! , 

and  smaller  spars,  togc'i-  .  ■         ■  ■ 

wholly   or  partially   destroy-^.      !  ■ 

set  on  fire  in  some  part  of  the  1  III    _    .     ■       !■; 

of  70  seamen  were  killed,  amll".:;u ..i.  ,i   ,  ^.   ;     . 

of  19  cases  in  which  the  numuer  ui  \iuuiia..-il  i-, 
returned  as  "  many  "  or  "  several."  In  one-tenth  of  | 
these  cases  the  ships  were  completely  disabled,  and 
they  were  compelled  in  many  iubtancc  s  to  leave  their 
stations,  and  that,  too,  at  a  ci!!:m1  |irriM,l  nf  mir 
history.     The  cost  for  matfii,;         !.         •  irw 

cases  "is  estunated  at  100,000.      -      .  I         'i-.lc 

amount  of  loss  to  the  public  iu  uilh,  ];].m;  ;,  nal  in 
services  of  ships,  must  have  bceu  very  great ;  for  in 
the  six  years  between  1809  and  1815,  full  30  sail-of- 
the-line  and  15  frigates  were  more  or  less  disabled. 
Even  iu  time  of  peace,  when  the  number  of  ships  had 
been  greatly  reduced,  many  fatal  accidents  have 
occurred.  On  the  Mediterranean  station  alone, 
between  the  years  1838  and  1840,  8  ships  were 
struck  by  lightning,  several  of  which  were  severely 
damaged,  and  1  was  set  on  fire.  It  is  also  liighly 
probable  that  many  a  ship  which  has  been  reported 
as  "  missing,"  has  been  destroyed  in  thunder-storms, 
without  any  of  the  crew  havuig  been  spared  to  record 
its  fate.  The  ships  of  the  East  India  Company  have 
been  especially  liable  to  damage  from  lightning,  from 
their  constant  traffic  within  the  tropics,  where  thunder- 
storms are  of  more  frequent  oceurrenoe  and  more 
violent  than  mthin  the  temperate  zones.  Our 
mercantile  marine,  engaged  in  active  commerce  in 
every  quarter  of  the  world,  is  also  subject  to  similar 
attacks.  Indeed,  the  extent  of  our  commerce  is  such, 
that  it  may  be  said  without  exaggeration  that  the 
British  nation  is  liable  to  damage  from  most  of  the 
thunder-storms  that  visit  the  earth's  surface. 

This  liability  to  damage  being  so  extensive,  so 
sudden  and  unexpected  in  its  action,  and  the  conse- 
quences often  so  fatal,  it  is  natural  to  suppose  that 
attempts  would  be  made  at  a  very  early  period  to 
obtain  some  means  of  protection  against  lightning. 
Many  such  attempts  were  made,  but  before  and  for 
some  time  after  the  dawn  of  science  in  modern  times. 


the  mass  of  superstition  was  so  great,  that  the  actual 
amount  of  knowledge  was  too  small  to  leaven  it.  Nor 
was  it  until  Franklui  had  proved  the  identity  between 
common  electricity  and  lightning  by  the  bold  experi- 
ment of  brmging  down  "fire  from  heaven,"  that 
scientific  men  were  in  a  condition  to  study  the  laws 
of  thunder-storms,  and  devise  a  remedy  agaiust  the 
attacks  of  lightning.  Lightnmg  conductors  were 
invented  by  Eranklin  as  a  direct  consequence  of  his 
beautiful  electrical  researches,  and  they  wore  recom- 
mended by  him  for  the  protection  of  houses  and  ships 
from  the  attacks  of  lightniug;  but  so  little  were 
they  understood  m  his  own  day,  that  one  of  the  most 
celebrated  scientific  quarrels  of  this  country  turned 
on  the  question  whether  the  top  of  the  conductor 
should  be  shai-p  or  blunt.  ISiany  condemned  the 
use  of  them  altogether,  and  their  value  and  modes  of 
a  plication  have  afforded  matters  for  dispute  up  to 
u«-n  day.  The  whole  subject  of  lightning  cou- 
.as  may  now,  however,  be  said  to  be  completely 
1 !.  l1,  in  consequence  of  the  valuable  labom-s  of  Sir 
\  >  - 1  low  Harris  in  the  fertUe  field  of  electrical  science. 
;.aig  back  as  1821  that  gentleman  submitted  to 
(  .  1.'  irds  of  the  Admiralty  a  plan  for  proteotmg  ships 
il  Oil!  the  ravages  of  hghtning.  This  plan  was  foimded 
upon  a  scientific  as  well  as  a  technic;d  knowledgt  of 
tlie  exigencies  of  the  case,  and  consisted  in  the  appli- 
cation of  conductors  under  a  form  so  capacious  and 
so  permanently  fixed,  as  to  render  them  an  integral 
part  of  the  vessel,  and  independent  of  the  ci 
all  circumstances.  According  to  this  plan  the  masts 
themselves  are  converted  into  lighluiug  comluctors 
by  incorporating  with  thcin  a  a 
plates,  in  such  a  way  as  to  [  i 
line   along  their   surface,  i.j    ',.;  ui-    any 

strain  which  the  spars  tliLiuiLa. La>  luilI  i  mjiport: 
these  plates  are  connected  with  bauds  of  copper 
leading  through  the  side  under  the  deck-beams,  and 
with  the  large  bolts  leading  through  the  keels  and 
keelson;  and  including  by  other  connexions  all  the 
principal  metallic  masses  employed  in  the  construction 
of  the  hull ;  thus  rendering  the  ship  quite  safe  from 


any  discharge 
fall  upon  it,  by  1 1 
possible  under  i 
perfect  security    . 
on  the  masts,  tic 

805  lepresentb  tin. 


diikr 


woidd  bo  hkely  to 

I  buc  as  nearly  as 

t    favom-able   to 

liiiL  ot  conduction 

it  to  the  step ;  and 

curmcetmg  bra 


and  bolts  passmg  through  the  ship,  m  which  aicd  are 
connecting  bolts  at  the  stepsof  the  masts,  and  c/coppcr 
bands  uniting  these  bolts,  b  d  is  the  branch  from  the 
foremast.leading  to  the  stem  and  the  bolts  la  ii.  p  t  is  the 
branch  from  the  mizen-mast  to  the  helm-port.  Both 
these  figures  are  copied  from  the  engraved  illustrationr. 
to  the  Oflieial  Instructions  quoted  on  the  next  page. 
The  bands  of  copper  used  for  these  conductors  are 
4  feet  in  length,  and  vary  from  \k  to  5  inches  in 
widt  h,  and  from  i  to  ^  inch  in  thickness.     Holes 


are  di-illed  in  them  at  distances  of  G  inches  apart,  by 
which  they  are  secured  to  the  masts  bv  short  copper 
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uails.  A  shallow  groove  is  ploughed  out  in  the 
after  side  of  each  mast,  and  the  plates  being  slightly 
curved  to  suit  the  form  of 
the  mast,  are  properly  fixed 
into  these  grooves,  so  that 
Ihey  are  closely  incorporated 
with  the  round  of  the  spar, 
and  form,  as  it  were,  a  por- 
tion of  it.  The  plates  are 
inserted  into  the  grooves  in  a 
double  series,  placed  as  shown 
in  Fig.  803,  so  as  to  allow  the 
joints  a  a  of  every  two  plates 
to  fall  upon  the  centre  of  an- 
other plate  immediately  above 
or  below  it.  The  method  of 
fixing  these  plates  is  expe- 
ditious and  easy,  while  the 
expense  bears  a  very  small 
proportion  to  the  value  of 
the  ship,  and  quite  vanislies 
when  we  consider  how  im- 
portant is  the  protection  af- 
forded. The  cost  of  a  first- 
rate  ship  with  all  her  stores 
is  not  less  than  170,000/.; 
she  carries  at  least  900  men, 
and  is  intended  for  the  de- 
fence of  one  of  the  great- 
est maritime  nations  that 
ever  existed.  The  cost  of  pro- 
tecting this  splendid  maehiue 
from  one  of  the  most  fearful 
calamities  to  which  she  is  ex- 
posed is  about  100/.  for  the 
expense  of  fixing  the  con- 
ductors, and  the  loss  upon 
the  wear  of  the  copper, 
which  is  always  reeonvertiblc, 
and  of  constant  value.  A 
ship  having  been  once  fitted 
with  such  conductors  as  an 
integral  part 
thereof,  little 
or  no  further 
expense  isi 
required,  as 
when  the  slii] 

the  conduet( 
cauberemo' 
and    fitted    to 
a  new  ship  at 
very  small  cost.' 

This  system  of  coiiuiu-iui^   ims  i,,,i   uuly  bten  ap- 
p roved  by  a  committee  of  seientilic  men  (including 


of  Wollaston  and  Taraday)  appointed  by 
Parliament,  but  it  has  borne  the  test  of  experience 
during  more  than  20  years, 
in  ships  which  have  navigated 
every  sea,  and  have  encoun- 
tered thunder-storms  of  va- 
rious degrees  of  severity.  Ships 
thus  protected  have  been  re- 
peatedly struck  by  lightning, 
and  have  escaped  without  in- 
jury; for  by  means  of  these 
conductors,  the  lightning  has 
been  in  most  cases  reduced  to 
a  harmless  current,  of  moment- 
ary duration,  running  down  the 
conductor  into  the  sea,  as 
water  flows  down  a  pipe  ;  and 
in  a  case  where  the  ship  was 
struck  so  violently,  that,  in 
the  language  of  one  of  her 
ofliccrs,  "  she  actually  reeled 
imder  the  force  of  the  dis- 
charge," instead  of  the  wreck 
and  devastation  which  would 
certainly  have  followed  the 
absence  of  conductors,  and 
probably  the  presence  of  inefii- 
cient  ones,  no  sort  of  damage 
oceuiTcd. 

In  the  application  of  me- 
tallic rods  to  buildings  or 
ships,  it  must  be  remembered 
that  these  stiuetures  are  sys- 
tems of  good  and  bad  con- 
ductors generally  alternating 
without  much  method.  A 
sti-ucture  formed  of  good  con- 
ductors, such  as  an  u'on  steam- 
boat, is  Derfectly  safe  from  the 
attacks  of  lightning;  so  also 
IS  a  man  in  armour  safe  during 
a  thunder-storm,  from  the 
great  conduet- 


rablycqualcoTi 
ducting    pow- 
er throughout 
should  be  metal, 
conducting  power.    If  the  c 
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duLtuy  ijowci  of  kad  bo  t^iLeu 
will  be  2 ,  I  e  tm  conducts  eki.ti 
lodd ,  uoii  iieaily  2^  tuues  as  \i  u  1 

cojux  1 12  tmios    Cojipci  is  tli  I 

bguimui,  coudartois     It  is  c  i  I     i 

noil,  but  uoa  is  biible  to  rust        I  I  ils 

low  conducting  pov\cr,  is  moie  casilj  iuL4tod  b^  i  ili 
chaige  oi  Lgbtiung  than  coppc  An  electucdl  explo- 
sion winch  mdts  a  coppei  -wue  oi  a  given  duimctci, 
■would  entirely  destioy  an  uon  wue  of  twice  that  dii 
meter  A  4 neo/ic?  condition  is,  that  the  couduetoi  must 
foira  one  unbroken  hue  thioughout  its  whole  extent 


unity,  that  of  tm    falling  on  the  geneial  mass  of  tin,  budding  cu 
\  (\Mi     I   well  \s  '  possibly  find  its  way  to  tht,  gioimd  bj  any  ci 
111     which  the  conduetoi  did  not  foim  a  put 
I        acLOunt,  aU  gicat  ma^^ts  of  metal  m  the  nci 


.L  d  whtu  the  cpuutitj   ot   i 


tiicitj 


,  doubkd,  , 


gieat  when  the  diametei  of  the 

led      Haiiis's   conduelois  for   budd 

ithci  of  wide  bands  ot  eoppci,  01  oi 

fiom  1  to  2  mches  m  diamctei,  the 

metal  of  which  they  are  foimcd  bem_, 

abuutlllKhillKl     llll',  l,Rt  il  1.  pu- 


1  lllL 

jett  fieely  mto  the  aii,  shoidd  be 
pomted  somewhat  like  a  bayonet 
tills  pomted  extrenut),  Fig  807,  may 
be  about  IS  mches  long  and  I  uich 
m  diametei .  it  is  screwed  into  a 
sohd  plug  fixed  m  the  tubmg  In 
cases  wheie  metidbc  vane  spiudk^, 
01  othei  metaUie  pomts  cvist,  the 
cjuductor  may  commence  at  once 
lium  them  The  lowei  extiemity 
of  the  lod  has  3  diveigent  blanches, 
lig  809,  which  shoidd  pass  luidei 
(he  suifaee  ot  the  giouud,  and  if 
cucunibtances  pcmut,  be  r  huk  etc  1 
with  a  spill  ^ 

some  othei  <  1 

couduetoi  1 

ately  to  thi  1  I  1 

not  at  a  shoit  disl  aire  lium  it  It 
must  be  attached  to  the  most  piomi- 
nent  pomts  ot  the  budding,  and  it 
the  length  be  -veiy  consideiablc,  the 
diametei  of  the  rod  should  be  in 
"  cieased  Inextensneiaugesof  budd 
mgs,  all  the  111  i-^t  pi(  uiiiK  iil  jnits 
should  be  111       '    1       I  t   is, 

as  at  « i  <  /  I  I     so 


liood  ot  the  conduetoi,  -wluch  oITli  other  possible 
hues  ol  disehaige,  should  be  united  with  it,  if  tlus 
be  doue,  no  moie  of  the  disehaige  can  pass  m  the 


duection  ot  such  mass 

es  than 

can  be  tiansmittea 

\/itUout  damage 

It  was  formeilv  i  i  u 

ucstion  m  electiical 

science  as  to  h       1 

1  wj;  powei  of   a 

hghtniug  lod   t 

1 

1  1     1788,   was   of 

opminn  tint  t  i 

houzoutal  space 

liiin  tluce  times 

the  I 

tlio  biuldmg  to 

wllK  1, 

1  section  ot  the 

Acidci 

1     ,,  ...iisultedm 

1823    bN    ih.     M 

1    then 

opimon  that  a  li  1 

uud  it 

a  cuculai  spaci     1 

'  1     the 

height  of  the  Kd      n 

1 

1   1     that 

the  piotectmg  iniiuLni. 

ot  a  1 

c(  lUic  ,   lubitloi  ex- 

tends  ovei  a  space  the 

ladius 

of  which  is  equal  to 

double   the   height   of 

the  lod  abo\e   the  highest 

point  of  the  bmldmg  01 

sliip  to 

which  it  is  attached 

Such  calculations  as 

these  cinnot  be  icgiidedas 

of  any  \alue.    Dmmg 

a  thundci  stoim,  the  foiccs  in 

3  of  loof.,  &0,  that  a 


epilation  aie  distiibutcd  o\ii  i  ^1  it  i  \tcut  of 
111  It  1.,   and  the  pomt    ci    1  1    li  the 

ling  stiikes,  depend  1  itiioal 

ion  of  the   an   be  In  I   the 

ill    md  not  upon  the  \  \\\c  body 

1 11  jccting  into  the  an  It  tin  ui  m  the  imuiecbatc 
iieighbouihood  of  a  tall  budding  or  a  ship  be  m  that 
state  ot  excitement  %vhich  is  fivouiable  to  a  dis- 
luptn  e  cbsehaige,  such  a  discln  ge  w  ill  take  pi  ice  upon 
the  building  01  the  ship,  and  if  any  damage  lesidt, 
its  amount  wdl  depend  upon  the  conducting  powei 
of  those  bodies  If  the  build  lu  -n  ih  ship  foim  a 
line  of  least  lesistanco  li  '  11 1  the 

eaith,  the  dischaige  wdl  1  I    1  line, 

and  it  -will  depend  upon  I  1  tnmg 

lods,  and  then-  good  con  1  y  I    llici  thu 

budding  or  the  ship  bt  iiijuud  01   c  cipe  without 
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damage.  If  tne  air  in  the  vicinity  of  a  buildiug  or  a 
ship  be  in  a  state  of  great  electrical  excitement,  it 
may  form  a  line  of  least  resistance,  and  the  tlisoharge 
will  take  place  along  that  line  independently  of  the 
budding  or  the  ship.  Hence  it  is  quite  impossible  to 
say  bow  far  the  influence  of  metallic  conductors  ex- 
tends. AH  that  is  necessary  is,  to  provide  our 
structures  with  efficient  conductors,  and  they  will 
then  be  safe. 

The  prejudice  once  so  common,  that  lightning  con- 
ductors attract  lightning,  is  futile.  It  has  been 
proved  by  numerous  facts,  that  metallic  bodies  exert 
no  influence  in  attracting  or  drawing  lightning  aside 
from  its  path.  A  metallic  conductor  us>uill\  ]  1 1  m  .  I , 
to  the  lightning  a  passive  line  of  less  resi^i 
that  in  which  it  is  about  to  move ;  ami  :•■  i  ' 
action  of  conductors  may  be  to  some  cxlri;i  h;  m - 
floial  in  preventing  a  discharge  from  falling  or  con- 
tinuing in  au  inconvenient  direction,  but  otherwise 
they  have  really  no  attractive  power  proper  to  them- 
selves, any  more  than  a  rain-pipe  has  au  attractive 
power  for  the  rain  which  it  conducts  harmlessly 
away. 

That  the  French  theory  of  the  radius  of  protec- 
tion is  imtruc,  is  proved  by  mmicrous  facts.  Tims, 
ships  fui'nished  with  a  lightning  conductor  on  the 
mainmast  only,  have  been  struck  on  the  foremast 
and  severely  damaged.  An  extensive  range  of 
buildings,  furnished  with  a  conductor  proceeding 
from  the  highest  point  directly  to  the  ground,  may 
be  struck  at  one  of  its  lower  summits,  which  has 
happened  on  several  occasions.  Hence  it  is  of  im- 
portance in  ships  not  to  trust  to  a  conductor  on  one 
of  the  masts  only ;  and  in  ranges  of  buildings  it  is 
important  to  distribute  comieoted  conducting  lines 
thi'ough  them,  in  contact  with  pointed  conductors 
rising  into  the  air  from  different  parts. 

It  was  formerly  thought  necessary  to  insulate  the 
conductor,  either  by  enclosing  it  within  glass  tubing, 
or  by  attaching  it  to  the  building  with  glass 
supports.  Tliis  is  not  necessary,  for  the  electrical 
discbarge  does  not  quit  an 
easy  line  of  transit,  such  as 
is  fmiiished  by  a  copper  rod 
of  sufficient  size,  to  pass  to 
other  bodies  out  of  such  line. 
If  metallic  clamps  be  em- 
ployed in  the  construction  of 
a  building,  as  in  Eig.  811, 
the  lightning  in  striking  such 
budding  would  use  thc^e 
clamps  as  stepping-stones  lo 
facilitate  its  descent  to  tlir 
earth.  But  if  a  metaUic  con- 
ductor be  present,  the  lightning  would  disregard  the 
clamps,  and  descend  by  this  as  the  easiest  path. 
There  are  cases,  it  is  true,  in  which  a  division  of 
the  charge  takes  place,  and  a  portion  of  the  bgbtning 
may  bound  off  from  the  conductor  to  other  metaUie 
bodies  in  connexion  ^vith  the  earth.  Suppose  the 
straight  line,  Eig.  812,  to  bo  a  lightning  conductor, 
and  the  bent  Hues  portions  of  metallic  water-pipes 


passing  near  it  to  the  earth ;  then  if  the  conductor 
be  of  small  size  or  terminate  in  a  very  di-y  sod,  it  will 
offer  such  a  resistance  to  the  passage  of  the  discharge 
that  a  division  will  pro- 
bably take  place.  It  may 
bifurcate  or  trifurcate, 
i.e.  divide  into  3  or  3 
forks,  each  limb  of  the 
fork  pursuing  its  way  by 
a  separate  course  to  the 
earth,  and  should  the 
metaDic  communication 
therewith  beiuterrupted, 
->  I'  damage  will  arise. 
II  .  r  it  is  important  in 
II :  i^.iiig  lightning  eon- 
(liirii.r.s  to  make  them  H 
of  large  size,  and  to  con-  ■'''''•  °"'' 

neot  them  with  all  other  masses  of  metal  used  in 
the  structure,  which  lead  to  the  ground. 

Such  is  a  brief  statement  of  the  natiu-e  of 
thunder-storms,  and  the  action  of  lightning  con- 
ductors. It  may  be  desii-able,  in  conclusion,  to  give 
a  few  dii-ections  for  the  use  of  those  persons  who, 
being  alarmed  at  lightning,  are  in  houses  improtectcd 
by  bghtniug  conductors  at  the  time  of  a  thmuler- 
storm.  It  is  prudent  to  avoid  the  ueighboui-hood  of 
chimneys,  because  lightning  may  enter  into  rooms  by 
them,  soot  being  a  conductor  of  electricity.  Eor 
the  same  reason,  a  person  should  move  as  far  as 
possible  from  metals,  and  from  miiTors  and  gilt 
articles.  The  best  place  seems  to  be  in  the  middle 
of  the  apartment,  provided  there  be  no  lamp  hangiiia 
from  the  ceiling.  A  person  is  less  exposed  by 
avoiding  contact  with  the  walls  and  the  floor,  and 
hence  the  safest  of  all  expedients  is  that  recom- 
mended by  Erankliu,  viz.  to  creep  into  a  hammock 
suspended  by  silken  cords  in  the  centre  of  a  large 
room.  When  this  cannot  be  done,  it  is  advisable  to 
place  between  oneself  and  the  floor  some  badly  con- 
ducting substance.  Accordingly  a  chair  may  be 
placed  on  glass,  or  pitch,  or  on  mattresses.  In 
short,  the  position  of  safety  is  that  in  which  the 
body  camiot  assist  as  a  conductor  to  the  passage  of 
the  lightning.  The  position  of  surrounding  bodies 
must  therefore  be  attended  to,  and  a  person  must 
occupy  such  a  place,  whether  insulated  or  not,  that 
the  lightning  will  not  make  use  of  him  as  a  stejiping- 
stone  in  its  descent  to  the  earth.  Having  taken 
some  simple  precautions  sncli  as  these,  we  may  rest 
:  -,ii.]  iliii  -.1  ;i  ,  iv in.',  whatever  may  happen, 
-rives  in  sincerity  to  the 
mil  incrcifid  Providence. 

I  I,t.(  Tl;  |(  TLI.I.i  I  K  Al'II.  This  instrument  is 
the  most  suipri^iiig  and  most  useful  application  of 
electrical  science  which  has  yet  been  made. 

Among  the  earliest  experiments  in  electricity  were 
many  having  reference  to  the  transmission  of  this 
force  along  conducting  media.  M.  Dn  Pay,  in  1733, 
appears  to  have  observed  the  transmission  of  the 
electricity,  from  an  excited  glass  tube,  through  a  wet 
packthread  1,356  feet  in  length.     Gordon  conveyed 
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Ihe  fluid  tlirough  wires  200  ells  loug.  Nollet,  in  I 
1746,  after  the  iiivcutioa  of  the  Leyden  phial,  is  said 
to  have  given  a  shock  to  3,G00  persons  forming  a 
contmuous  chain.  Dr.  'U  atsou,  in  1747,  established 
the  conducting  power  of  the  earth  aud  of  water,  for 
the  electricity  of  the  Leyden  phial.  Franklin,  in 
1748,  fii-ed  spirits  by  means  of  a  charge  of  electricity 
sent  through  the  waters  of  the  Schuylkill  river.  In 
all  these  experiments,  however,  the  transmission  of 
the  electricity  seems  to  have  been  aloue  the  object ; 
for  nothing  appears  to  show  that  there  was  any  idea 
in  the  minds  of  the  experimenters,  of  using  the  power 
thus  transmitted. 

lu  1774,  Lesage  at  Geneva,  aivl  m  i;^;,  T "ud 

in  Erance,  appear  to  have  emplir.i  ■  .  i  ,  ,  ilie 
electrical  chai-ge,  (probably  tin-  -  'li 

balls,)  to  communicate  letters  an. I  \.  '!.i  i,. m  "v.c 
room  to  another. 

In  1794,  Reuaser,  or  Reiser,  is  said  to  have  used 
the  spark  proceeding  between  the  spaces  of  inter- 
rupted strips  of  tiufoU,  to  indicate  letters. 

Betancourt  and  Dr.  Salva  in  Spain,  in  1798,  appear 
to  have  made  experunents  on  the  transmission  of  the 
charge  through  wnes  of  great  length. 

Li  1800,  Volta  invented  the  pile  which  bears  his 
name,  and  shortly  afterwards  the  decomposition  of 
water,  by  the  action  of  this  pile,  was  discovered  by 
Messrs.  Nicholson  and  Carlisle. 

In  1811,  Soemmering  at  Munich,  proposed  to  em- 
ploy the  current  transmitted  from  the  Voltaic  pile, 
Ihi'ough  any  one  of  thirty-five  insulated  wires,  to 
indicate  the  several  letters  of  the  alphabet  aud  the 
numerals.  The  decomposition  of  water  by  the  elec- 
tricity was  to  be  employed  as  tlic  actual  means  of 


>elu'. 


aud  hydrogen  gases. 

In  1816,  ilr.  Ronalds,  of  Hammersmith,  used  the 
divergence  and  collapse  of  pith  balls,  as  signals  to 
dkect  the  attention  of  an  observer  to  the  letter, 
which  at  the  moment  of  such  divergence  or  collapse, 
was  in  view  tlirough  a  small  opening  in  a  clock  dial. 
At  the  two  ends  of  the  line  of  communication  were 
placed  clocks,  going  with  absolute  isochi'onism,  and 
carrying  light  discs  bearing  letters  around  their  cir- 
cumferences. So  that  the  clocks  being  started  with 
like  signals  visible  through  an  opening  in  a  screen 
or  dial  placed  before  the  discs,  would,  so  long  as  they 
went  perfectly  together,  contiuuc  to  show  in  succes- 
sion signal  after  signal  simultaneously.  The  attendant 
atone  station  would  therefore  know,  that  v]i  i  i  y 
letter  was  visible  on  his  clock,  the  sain.    1  ,] 

the  clocks  went  right)  would  be  visible  on  i '.  ■  .  . , 
and  he  could  therefore,  by  waiting  for  the  ap;'  u  m.  - 
of  the  letter  requii-ed  on  his  dial,  call  the  attention 
of  his  correspondent  to  this  letter  by  suddeidy  charging 
or  discharging  the  wii-e,  and  thus  producing  the  diver- 
gence or  collapse  of  the  pith  balls. 

A.t  this  period  of  the  histoiy  of  the  applications  of 


electricity,  a  new  and  far  more  manageable  source  of 
electricity  than  the  excited  tube  or  globe  was  put 
into  the  hands  of  the  philosopher.  The  charge  pro- 
duced by  the  excitation  of  glass  or  sulphur,  had  been 
hitherto,  with  one  exception,  used  in  experiments  on 
the  transmission  of  electricity.  IN'ow  the  ))o«er  thus 
developed,  called,  from  its  bnuirr,    /,  , ,  /./<v- 

^nW/'y,  though  small  in  quant i'\ ,  I  -    '    !     !i  .   '    ;  ily. 

In  fact  its  condition,  in  cuuii - i.:       J    uc- 

velopcd  by  the  Voltaic  pile  or  baiUi;.,  uu.j  b^.  u  pre- 
sented by  very  liigh  pressm-e  steam  compai-ed  with 
low  prcssm-e  steam.  It  is  evidently  much  more  easy 
to  make  joints  and  p!])cs  capable  of  convoying  the  low 
pressure  steam  than  il;:il  al  lii-li  (i  -sure;  and  just 
so  with  the  two  st;         ■  i   .  '   i   .  the  degree  ol 

insulatiouof  the  e.  ,.  'ili  will  perfectly 

suffice  for  tlie  low  iutri;  ,i;.,  '  I  \  I  liaa'  eiirvcnt,  would 
prove  no  insvdation  at  all  for  the  high  uitcnsity  or 
frictional  charge.  The  invention  therefore  of  the 
Voltaic  pile  or  battery  constituted  a  most  important 
era  in  electrical  applications,  aud  its  importance  was 
still  more  heightened  by  the  discovery  made  by 
CErstcd'  in  Denmark,  in  1819,  of  the  action  of  this 
current  on  the  magnetic  needle,  and  that  of  Arago 
and  Ampere  in  Erauco,  and  Lebeck  m  Berlin,  of  the 
magnetisiug  power  of  the  current,  or  of  Electro- 
magnetism. 

In  1S20,  Ampere  suggested  that  the  needle  moved 
by  the  galvanic  cm-rent  might  be  used  to  give  signals 
at  a  distance,  and  this  idea  was  made  the  subject  of 
a  lecture  in  England,  by  Ritchie,  ui  1S30.  lu  lS:i2 
and  1833,  it  appears  that  Baron  Sclulling  in  Rvissia 
made  experiments  on  an  instrument  contrived  ac- 
cording to  Ampere's  suggestion,  with  3G  needles  aud 
7i  wires,  each  needle  standing  for  a  letter  or  numerah 
Thill  ill. ■  ii;. 1-1  ,ii  ill  III'  :i!iy  needle  by  a  current  sent 
■I,  ,         ,  I  that  the  letter  or  uumc 

.  il,  was  to  be  taken  as  part 

In  ISoo,  Gauss  aud  AVeber  proposed  to  employ 
the  separate  movements  of  a  single  susjjcndcd  bar 
signals;  but  their  arrangement  must  have  been  v 
delicate,  audits  inJi.  I  III  1 1-  \nv  hilih   :iii<l  .ii.-rrt; 
as  the  signals  had  i  1 1  '  ■■•■]•'         !      '   !    r. 

placed  at   some  .1:      :  ;    1 

Mr.  Alexander,  in  ^'■'■'^,,  i  \h:'i;!.'!  a  .  .  .hi  ..i  a  )" 
posed  form  of  telegraph,  euntaining  io  uctdles,  to  bo 
acted  upon  in  the  same  manner  as  Ampere's. 

We  have  thus  traced  briefly  the  history  of  the 
Telegraph  up  to  the  point  at  which  it  first  assumed 
the  practical  form  in  Cooke  aud  'Wlieatstone's 
ventions.     It  must  be  remembered  however,  that  the 
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early  inventors  had  not  tlie  full  knowledge  of  these 
preliminary  experiments  and  suggestions  to  guide 
them,  as  we  should  now  have.  Most  of  the  steps 
just  recorded,  remained  either  entirely  unknown,  or 
were  known  only  to  a  few  leading  men  of  seiencc, 
until  withm  a  few  years  past;  when  the  great  de- 
sideratum of  an  electric  telegraph  having  been  sud- 
denly and  contrary  to  general  expectation  developed, 
each  one  who  was  in  possession  of  any  title  to  the 
merit  of  havbig  believed  iu  and  experimented  upon 
its  possibdity,  had  his  title  eagerly  produced  by  his 
friends  or  fellow-countrymen. 

This  appears  to  be  the  proper  place  iu  which  to 
allude  to  the  claim  of  Professor  Morse,  of  America, 
to  have  been  the  first  actual  inventor  of  a  practical 
electric  telegraph  in  1S33,  wMle  on  board  the  packet 
boat  Sully.  The  Abbe  Moiguo  states  that  a  Mr. 
Jaoksou  wrote  to  the  Academic  Fraujaise,  affirming 
that  he  had,  iu  1832,  communicated  this  plan  to 
Mr.  Morse  while  on  board  the  SuUy.  Even  admitting, 
however,  all  that  was  claimed  by  either  party,  it  would 
only  show  that  they  did  not  think  sufficiently  well  of 
their  scheme  to  enter  upon  it,  until  nearly  three 
mouths  after  the  first  English  patent  for  an  electric 
telegraph  had  Ix-cu  scalod,  and  the  practicabiUty  of 


uch 


The 


from  Vr.\.       ;    3:,  .  ,;.    >,.  .^^    '..:.::    ,  i    j;.   l>o7. 

telegraph  was  sealed  three  mouths  before  this,  viz.  on 
June  12,  1837.  The  diflerence  between  this  tele- 
graph and  the  preceding  suggestions  and  contrivances 
was  very  great.  The  experiments  of  these  gentlemen 
had  been  proceeding  for  a  long  tunc  previously,  so 
that  when  in  June,  1837,  then:  patent  was  obtaiued, 
it  was  for  an  arrangement  in  no  respect  of  doubtful 
practicability,  or  of  a  form  to  be  perfected  only  after 
trial.  On  the  contrai-y,  it  was,  within  a  few  months 
after  the  date  of  the  patent,  put  up  and  brought  mto 
actual  and  daily  use,  for  the  ser-vice  of  the  pubhc 
and  of  some  of  the  railways  then  completed.  Some 
of  its  details  have  since  been  smipUflod,  and  the  modes 
in  which  the  electric  em-rent  is  made  to  give  the 
rcquu-ed  uidications  to  the  observer,  have  been  greatly 
varied,  both  by  these  gentlemen  and  by  other  persons ; 
but  the  great  featm-es  aud  principles  of  then-  first 
invention  remam  unchanged,  and  not  only  so,  but 
they  form  an  essential  part  of  nearly,  if  not  quite, 
all  the  later  telegrapns  of  other  mventors. 

The  various  forms  of  apparatus  used  in  the  cou- 
struction  of  electric  telegraphs,  may  be  resolved  into 
a  few  great  classes,  and  it  is  only  the  general  features 
of  each  class  that  we  can  undertake  to  describe. 

Au  electric  telegraph  consists  of  three  essential 
parts:  1,  The  Battery,  or  source  of  electrical 
power:  2,  The  Wike,  or  channel  along  which  that 
power  is  conveyed  to  the  required  distant  point: 
3,  The  Instrument,  by  which  the  electricity  gives 
its  signals,  or  makes  evident  to  the  observer  its 
presence  or  absence,  its  du-cction  or  degree  of  inten- 
sity of  action. 

The  iaiiery  in  its  simplest  form  consists  of  a  series 


of  zmo  aud  copper  plates  connected 
placed,  as  shown  in  section.  Fig.  813,  it 


iu  the  water-tight  cells  of  a  partitioned  box  or  trough, 
so  that  the  copper  plate  of  one  pair  and  the  zinc  of 
the  next  are  on  opposite  sides  of  tlie  same  cell.  The 
cells  are  either  filled  with  a  dilute  acid,  or  a  solu- 
tion of  some  salt,  capable  of  acting  chemically  on  the 
zinc;  or  the  space  between  the  plates  is  filled  with 
sand  moistened  with  such  dilute  acid  or  solution. 
Plates  of  coke,  carbon,  silver,  or  platinum,  may  be 
substituted  for  the  copper  or  negative  plate,  but  ziuc, 
from  its  cheapness  and  the  facdity  with  which  ahnost 
all  acids  dissolve  it,  is  generally  used  as  the  positive 
plate.  The  screws  or  termimls,  attached  to  the  single 
plates  at  the  two  ends,  are  called  the  poles  of  the 
battery.  The  wires  which  connect  the  battery  with 
the  instnunent,  or,  if  more  than  one  battery  be  used, 
which  join  one  battery  to  the  next,  are  screwed  into 
these  terminals.  The  screw  fixed  into  the  last  suigle 
copper  plate  is  called  the  copper  pole  of  the  battery. 
That  fastened  into  the  last  zinc  is  the  zinc  pole.  Any 
form  of  battery  may  be  used  iu  connexion  with  an 
electric  telegraph,  though  of  course  some  batteries, 
from  their  cheapness,  constancy  of  action,  and  freedom 
from  risk  of  injury,  are  preferable  to  others. 

The  wire  may  be  called  the  path,  along  which  the 
force  from  the  battei7  is  made  to  travel  when  giving 
a  signal.  Supposing  a  long  loop  of  copper-wire  ag  b, 
Fig.  814,  to  be  formed,  and  the  middle  of  the  loop  to 


be  wound  in  several  coils  or  spirals,  to  surround 
at  a  small  distance  a  compass  needle  on  a  stand, 
and  if  these  coils  be  placed  parallel  with  the  needle, 
then  the  wire  may  represent  a  telegraph  circuit,  and 
tlie  needle  and  its  coils  au  instrument  at  a  distant 
station.  On  connecting  one  end  a  of  the  wire  with 
either  of  the  poles  of  the  battery,  no  movement  wUl 
take  place  with  the  needle,  for  the  eheuit  is  not  yet 
complete;  but  on  joming  the  second  end  h  to  the 
other  pole  of  the  battery  wc  complete  the  circuit, 
and  the  electricity  can  start  from  one  pole,  go  all 
along  the  wire,  round  the  needle  coils  and  back  to  the 
second  pole  of  the  battery.  Accordingly  at  the 
moment  of  making  the  connexion  of  the  end  b,  the 
needle  will  start  aside  or  be  deflected  across  the  coiia 
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of  wire.  Now  it  will  be  obvious  that  at  c  and  e  we 
mitrlit  have  made  other  coils  about  other  needles,  and 
the  same  connexion  would  then  Imve  deflected  these 
as  weE  as  the  end  needle.  These  at  c  and  e  would 
then  represent  intermediate  telegraphs  or  stations, 
between  the  two  ends  of  the  line,  as  there  might  be 
stations  between  London  and  Birmingham  at  Wol- 
vcrton  and  Rugby. 

Li  practice  it  has  been  found  that  if  at  the  distant 
end  of  the  line,  the  wire,  after  forming  its  coils  g,  is 
connected  with  the  moist  earth,  or  with  the  sea,  or 
masses  of  water,  and  if  at  the  near  end  we  connect 
one  polo  of  the  batteiy  with  the  moist  earth,  or  with 
the  sea  at  that  place,  the  portion  of  wire  bg  becomes 
unnecessary,  for  on  connecting  the  end  a  with  the  other 
pole  of  the  battery,  the  needles  will  be  deflected  as 
before,  the  earth  or  sea  acting  as  a  conductor  for  one 
half  the  circuit,  or  replacing  the  portion  bg  of  the 
wire.  The  earth  is  always  thus  employed  in  practice, 
as  it  saves,  of  course,  the  cost  of  one  wire  from  end  , 
to  end  of  the  line. 

Our  piece  of  wire  may  serve  for  another  purpose. 
If,  while  its  ends  are  connected  to  the  battery,  and 
its  needles  consequently  deflected,  we  lay  another 
piece  of  wire  across  it  from  c  to  d,  so  as  to  touch 
both  branches  of  the  wu-e,  we  shall  find  that  the  j 
needles  will  immediately  fall  back,  or  lose  more  or 
less  of  their  deflective  tendency.  We  have,  in  fact, 
provided  another  course  for  the  electricity,  wluch  now, 
instead  of  passing  all  round  the  needle  coUs,  proceeds 
from  one  end  of  the  battery  up  one  branch  of  the  wire, 
across  the  jiiece  from  c  to  d,  and  back  agam  to  the 
battery.  It  is  a  principle  of  the  electric  action,  that 
its  force  in  aiii/  e'rcuit  is  inversely  as  the  resistance  in 
that  circuit:  lieuco  it  is  evident  that  nearly  all  the 
cun-ent  will  travel  directly  across  by  the  additional 
vrire  from  c  to  d,  and  scarcely  any  will  go  round  by  the 
longer  com-sc  through  the  coils. 

This  explains  to  us  the  necessity  of  the  insulation 
of  the  wire  in  practice,  or  of  its  being  so  suspended 
or  covered,  that  none  of  the  electricity  can  escape,  tiU 
it  has  reached  the  utmost  distance  to  which  it  is 
desired  that  it  should  travel. 

ITe  are  thus  led  to  speak  of  the  second  part  of  the 
Electric  Telegraph,  or  of  the  icires  in  actual  use. 
Wlien  passing  along  open  parts  of  the  lines  of  railway, 
they  are  suspended  on  posts  of  wood  by  means  of 
rings  or  tubes  of  glass,  earthenware,  or  porcelain. 
Wood  is  a  very  bad  conductor  of  electricity,  so  that 
it  would  not  readily  aUow  any  to  escape ;  but  glass, 
porcelain,  and  earthenware,  are  almost  perfect 
msulators,  and  will  allow  no  measurable  quantity  to 
escape  through  them.  Care  is  taken  to  form  the 
insulator  so  that  it  may  be  shielded  from  the  ram,  or 
may  not  easily  be  wetted;  because  water  being  a 
conductor,  would,  when  spread  over  the  siu-face  of 
the  glass  or  porcelain,  injure  its  insulating  power 

Where  the  wires  arc  conducted  through  damp 
tunnels,  or  under  streets  or  roads,  they  cannot  be 
suspended  in  this  manner,  but  are  insulated  by  being 
covered  completely  by  some  material  impervious  to 


electricity,  such  as  caoutchouc,  varnished  cotton,  or 
gutta  percha,  the  last  being  decidedly  the  best  for  tliis 
pm'pose.  As  the  entire  value  of  this  covering  de- 
pends upon  its  beuig  al)solutely  without  flaw  or 
opening,  the  utmost  care  is  taken  to  ensure  its  per- 
fection hi  all  parts. 

It  remains  now  to  be  shown  how  the  electric 
current  is  made  to  indicate  its  presence  or  direction 
in  (lie  wire.  In  the  note  describmg  CErsted's  and 
Ampere's  discoveries,  mention  was  made  of  the 
act  ion  of  the  ciu-rent  on  a  needle  and  on  soft  iron. 
These  actions  are  not  simple,  but  present  two  phases, 
depending  on  the  du-ection  of  the  electric  cun-ent 
thi-ough  tlie  wire.  We  have  spoken  of  the  force  as 
travelling  from  one  end  or  pole  of  the  battery,  through 
the  wire  to  the  other.  It  is  not  meant  by  this  that 
any  actual  flow  or  passage  of  fluid  does  take  place  m 
the  wire,  but  it  is  merely  used  as  a  convenient  way 
of  representing  to  our  minds,  that  the  force  developed 
at  one  pole  of  the  battery  has  a  directive  action 
opposite  to  that  which  it  has  at  the  other ;  so  that 
when  the  circuit  is  completed,  we  may  suppose  a 
force  to  be  contmually  coming  out  from  the  copper 
pole  of  the  battery,  and  going  in  again  at  the  zinc 
pole.  Returning  to  our  wire,  we  can  then,  by  rever- 
shig  the  ends  of  the  batteiy  to  which  it  is  connected, 
make  this  imaginary  current  flow  through  it  ui  one 
direction  or  the  other.  If  when  flowing  in  the  first 
dii-eetion,  om  needle,  placed  in  any  position,  were 
deflected  to  the  right  hand,  then  when  made  to  flow  in 
the  opposite  direction  through  the  wu-e  the  same  needle 
will  be  deflected  to  the  left  hand.  Again,  if  the  fii-st 
direction  of  the  current  rendered  one  particular  end  of 
tlie  piece  of  soft  iron  around  which  tlie  wire  was 
wound,  a  northern  pole,  then  the  other  du-ection  of  the 
cuiTcnt  would  render  the  same  end  a  southern  polo. 
It  wiU  be  remembered,  too,  that  Soemmering  used 
the  decomposing  or  chemical  power  of  the  em-rent 
m  liis  telegraph.  It  is  by  one  of  these  three 
properties  of  the  electric  force,  viz.  its  dejlection  of 
a  magnetic  needle,  its  magnetization  of  soft  iron,  and 
its  decomposition  of  certain  chemical  compounds, 
that  the  presence  or  absence,  the  direction  and 
intensity  of  the  current  transmitted  through  a  wire, 
are  caused  to  make  themselves  known  to  the  ob- 

Telcgraphic  instruments  vary  greatly  in  their  form, 
arrangements,  and  minor  details  of  construction ;  but, 
disregarding  these  smaller  diff'erences,  all  instruments 
belong  to  one  or  other  of  the  following  classes  -. — 

1  Indicatoi  Telegraphs  are  those  in  which  the 
signals  are  given  by  the  movements  in  one  or  other 
direction,  of  a  pointer  or  indicator,  acted  on  by  a  coil  of 
wire  in  the  manner  of  CErsted's  magnetic  needle.  The 
telegraphs  of  Messrs.  Cooke  and  Wheatstonc,  used 
generally  thi'oughout  England,  are  of  this  class. 
Behind  the  dial-plate  of  the  mstrumcut,  Eig.  815,  ar: 
fixed  two  frames  (shown  from  behind,  and  in  a  side 
view,  in  Fig.  816,)  contaming  many  coils  of  fine 
copper  wire,  covered  with  silk  or  cotton  to  msulate 
one  cod  from  the  other.  Within  each  of  these  coils 
is  suspended  on  a  delicate  axis  a  magnetic  needle. 
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and  ou  the  same  dxes,  but  befoie  the  dnl,  h-rn^'  the 
mdic-itois,  oifiont  needles  Each  of  the  coils  has  its 
own  wup  Ihiougliuit  tho  hue  so  thit  th  i  matmnieut 
would  req  i  c    \  w   ik  it     Below 


the  dial  aie  two  hmdit 
or  atteiidaut  cau  coui 


b)  meaiisof  flhchthecleik 
1  couuect  the  biUeiy  rapidly  with 
le  01  othei  diiectiou  sc  is  to  deflect 
•die  to  the  light  oi  to  the  left,  oi  he 

cinieino\e   he  bitten  con 

I  med  u[  lu  readiness  foi  his 

u  csi^ondcut  at  ajiy  disf  ant 

ition  to  send  hun  a  si^n  d 

I  I     needles  lie  limited  in 

1  11  I  ins 

I  I    be 


.1) 


noinicil,  and  the  system  is  well  fitted  for  use  between 
phce'.  of  second  late  impoitance  only  The  needles, 
coils  and  handles  may  be  viuously  formed  -lud  ar 
1  mgcd  iceoiilmg  to  the  pleasuie  of  diffeient  niakeis 
but  the  oeneiai  pimciples  of  all  this  class  of  telegiaphs 

The  Tekffiaph  Alarum  —For  the  piupose  of  callin!> 

the  attention  of  an  absent  ■ 

ilaium   IS   necessaiy      Eig 

^17  shoMS  the  type  of  this 

thsbof  instiuments   A  piece 

ot  oolt  lion  of  a  hoibcshoc 

shape  h  is  a  quantity  ot  fine 
I  covcicd  wiie  ■nound  aioimd 

it  the  ends  of  such  wue 
I  being  joined  to  the  wue  on 
I  the    line,    so   that   when   a 

cuiient  is  sent  thiough  this 

aiound  the  coils  upon  the  soft  iion  The  iion  then 
becoming  magnetic,  woidd  attract  the  small  aim  ituie 
01  p  cce  of  uon  bcfoie  it  and  thus  n  ithdiaw  tbe  detent 
fiom  the  \\ heel  ibove  This  leleases  a  tiam  of  common 
clock  woik  and  tho  bell  at  the  top  is  smartly  lung  by 
the  clock  tiam  acting  on  a  common  alarum  hamnici 
The  mon  ent  the  curient  ceases  to  flow  thiough  the 
wiie  the  soft  iion  hoi'»shoe  loses  its  magnetic  powei, 
the  am  itme  is  witlidiawn  by  i  si  i  dl  sprmg  and  the 
detent  once  moie  citehmg  the  -n  heel,  stops  the  clock 
k  Thus  at  any  moment  the  eleik  at  one  station 
notice 


movements  Eich  station  having  an  nibtiumeui 
needles  handles  and  b  itteiy  complete  the  cleik 
see  what  signals  they  make,  as  well  as  those  w  I  i 
aiemade  to  them  by  coi  respondents  Now  calkuj, 
the  lef*  1  and  needle  No  1,  and  the  right  hmd  No  2, 
and  mdic  iting  one  movement  of  citliei  needle  to  the 
left  by  /,  and  one  movement  to  the  right  by  r,  the 
combmatioiis  of  movements  which  stand  for  the  various 
letters  of  the  alphabet  are  these  :— 


'  tl    t  li 


Jill 


1  sound  the  bell  at  another 
^  ibl  l: 


S  rr  t  ,,r  rl. 


It  IS  obvious  that  by  thus  combining  successive 
movements,  the  whole  alphabet  may  be  given  by  the 
use  of  one  needle  and  one  wire  only  The  commu- 
nication IS  not  so  rapid  as  with  two  wires  and  two 
needles,  but  the  construction  of  a  line  is  more  eco- 


The  Disc  TeUgniph  —11  we  i 
as  in  the  alaiiun,  but  affix  to 
instead  of  the  detent, 
two  light  spring  pieces, 
b,  c,  one  carrying  a  hook- 
shaped  cud,  and  ' 


I    obH 


pushni 

to-   ami  ,/,7/-<y   ivspr,:- 

lively,)  and  instead  of 

the  catch-wheel  place  a 

light  escapement-wheel 

d,  as  in  the  figure ;  then 

each  movement  of  the 

armature  towards  the  magnet  will  pidl  the  wheel  round 

one  tooth,  and  each  recession  of  the  armature  from  the 

magnet   (by  the  action  of  a  light  spring)  will  push 

the  wheel  round  another  tooth.     A  small  catch  and 

roller  may  be  placed  above  the  wheel,  to  prevent  its 

running  forward  by  its  own  momentum  more  than  one 
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tootli  at  a  time.  The  axis  of  the  wneel  carries  a  light 
hand  or  index,  wbieh  pomts  as  the  wheel  turus  round 
to  the  various  letters,  arranged  around  a  disc  like  a 
clock-face.  Li  Fig.  SIS,  the  dial  seen  from  behind  is 
supposed  to  be  transparent,  so  that  the  letters  painted 
on  its  front  may  be  shown. 

The  communicator,  or  apparatus  for  sending  the 
cm-rents  to  work  this  telegraph,  Fig.819,  (plan  and  side 
view,)  consists  of 
a  brass  disc  tmn- 
ing  freely  on  its 
centre,  and  bearing 
around  its  circum- 
ference the  letters 
of  the  alphabet, 
arranged  exactly 
as  the  letters  on 
the  telegraph  disc. 
Opposite  each  al- 
ternate letter  the 

and  a  small  notch 
of  ivory  inserted, 
so  that  as  (he  disc 
is  turned  round, 
a  spring,  which 
bears    against    it-, 


nductor  of  electricity, 
)n  an  ivory  notch  the 


edge,  rests  alternately 
ivory.  Ivory  being  a  t 
whenever  the  spring  re 

ciu'rent  is  interrupted;  whenever  it  rests  on  the 
brass,  the  current  is  transmitted.  For  the  conve- 
nience of  tui-niiig  the  disc  to  any  point,  it  bears  ra- 
diating arms,  like  a  tui'nstile,  one  from  each  letter, 
so  that  by  bringing  each  arm  in  succession  to  point 
to  a  fixed  stop,  the  disc  may  be  turned  round  step  by 
step  with  ease  and  certainty.  In  the  side  view  in  the 
figure,  all  the  arms  but  two  are  omitled,  so  as  to 
render  the  sketch  more  distinct.  Now,  if  the  tliso  be 
standing  so  that  its  mark  +  (stop)  is  opposite  to 
the  fixed  mark,  its  .spring  then  resting  on  an  ivory 
piece,  and  if  at  the  same  moment  the  index  of  the 
distant  telegraph  in  connexion  with  it  be  pointing  to 
the  +,  then,  on  moving  the  communicator  one  step 
.  comes  to  the  fixed  mark, 
imitted  along  the  wire,  and 
the  magnet  of  the  telegraph  instantly  di-aws  its 
armature  down,  pulling  the  wheel  one  tooth  forward^ 
and  bringing  its  index  also  to  point  to  a.  The  next 
step  of  the  communicator  to  letter  B,  breaks  the 
current,  the  armature  falls  back,  pushiug  the  wheel 
lound  another  tooth,  and  bringing  its  index  also  to 
B.  Aaid  so  to  whatever  letter  the  communicator  be 
turned,  it  will  in  t.ui-ning  have  made  and  broken 
the  current  so  many  times  as  will  have  brought 
the  telegraph  index  step  by  step  to  the  same  letter ; 
so  that  the  clerk,  by  tui-ning  his  communicator 
to  one  letter  after  the  other  of  a  woi'd  or  message, 
can  cause  his  correspondent's  index  to  move  to 
the  same  letters  in  succession,  and  thus  spell  out 
the  same  word  or  message.  A  momentary  pause 
is  made   at   each  letter  of   the  communication,  to 


allow  the  attendant  to  lead  it  oft'  ^^  ith  eorrcclncss 
and  certainty. 

can  only  do  so,  as  the  armature,  in  its  to-und-fro 
motion,  releases  tooth  after  tooth  of  the  escapement. 
In  others  an  arrangement  is  made  by  wliieh  the 
armature,  being  itself  magnetic,  and  therefore  capable 
both  of  attraction  and  repulsion  by  the  electro-magnet, 
draws  the  wheel  round  one  way  when  attracted,  and 
pushes  it  back  the  other  way  when  repelled.  By  this 
arrangement  the  successive  letters  are  more  rapidly 
pointed  out,  as  the  index  can  be  moved  either  back- 
wards or  forwards  to  reach  the  letters.  Other 
modifications  and  variations  also  occm-. 

T/ie  Type-Priniiiiff  Telegraph  is  the  same  as  the  last 
instrument,  with  the  addition  of  a  printing  mechanism. 
Instead  of  the  escapement  axis  carrying  an  index  to 
Y'r<'  I  .  •■in  ' -.-'wr  letters  on  a  fixed  disc,  it  carries 
lij  i  :_  IN  of  steel,  on  the  end  of  which  are 
i;      ;  -  I  MKiing-types,  «.  Figs.  S30,  821.    In 


front  of  these  types  is  placed  a  small  roller  or  plate  Ij, 
to  receive  the  blow  of  a  printing-hammer  c,  wliich 
M,  ;.!  '  'lii.  1  I',,  tyjic-disc.  Between  this  roller  and 
111  I  i  I  |i',:M'cd  the  paper  to  receive  the  im- 
I'l  1         ;  i|icr  is  coiled  like  a  ribbon  on  a 

in;:  ',  :i  I  1  (huwu  off  bit  by  bit  by  two  other 
rollers  e,  wliiili  liold  the  paper  tightly  between  them, 
and  turn  a  little  way  round  after  each  blow  of  the 
hammer  is  struck.  The  action,  then,  is  this :  after 
the  type-disc  has  been,  by  the  to-and-fro  action  of 
the  armature,  turned  round  so  as  to  bring  the  right 
letter  into  a  position  to  be  struck,  the  hammer  is 
released,  and  impresses  by  its  blow  this  type  on  the 
ribbon  of  paper.  At  tlie  moment  that  the  hammer 
has  given  its  blow,  the  drawing-rollers  e  jerk  the 
paper  forward  through  a  space  corresponding  to  one 
letter,  and  then  the  type-disc  again  is  moved  onward 
to  the  next  letter  required,  which  is  struck  in  like 
mamier,  and  so  on  in  succession  with  all  the  letters 
of  the  communication.  The  hammer  is  usually 
struck  by  the  force  of  a  spring,  released  by  the  same 
train  of  clock-work  which  acts  upon  the  di-awing 
rollers,  an  arrangement  being  made  by  wliieh  the 
hammer  cannot  strike,  so  long  as  the  type-disc  is  in 
motion,  but  falls  directly  the  pause  is  made,  on  tlie 
right  letter  being  brought  into  position.     The  types 
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are  inked  by  a  small  ligM  roller  smeared  with  printing- 
ink,  which  as  they  revolve  presses  %htly  against 
their  surfaces;  or,  in  other  cases,  a  ribbon  of  the 
carbonic  ink  transfer-paper  is  drawn  round  continually 
between  the  type-disc  and  the  white  paper  ribbon,  so 
that  the  type,  on  being  struck  by  the  hammer,  im- 
piints  itself  on  the  paper  ribbon  by  means  of  this 
transfer-paper. 

Li  this  machine,  also,  numberless  variations  are 
made  in  the  mode  of  printmg  the  types,  inking  them, 
and  drawing  forward  the  paper. 

Symbol-printing  Telegraph. — Li  this  telegraph,  the 
electro-magnet  is  stUl  employed,  but  not  to  turn  awheel. 
Its  armature  is  fixed  to  a  strong  arm  a.  Fig.  822,  which 


turns  on  a  centre  at  one  end  and  at  the  other  cames 
a  smaE  steel  point.  The  ribbon  of  paper  is  drawn 
slowly  and  steadily  off  from  its  roller  b,  by  a  train 
of  common  clock-work  in  the  box  c,  driving  two 
griping-roUers  d.  In  its  passage  the  paper  goes  over 
a  brass  roUer  e,  which  has  a  groove  around  its  circum- 
ference, and  the  steel  point  on  the  armature  arm  is 
dii-ectly  over  this  groove.  Now,  suppose  that  while 
the  paper  is  in  this  way  being  drawn  slowly  and 
steadily  over  the  roller  e,  the  clerk  at  the  communi- 
cating station  were,  by  means  of  a  common  telegraph 
key  or  handle,  to  ti'ansmit  the  current  for  an  instant : 
the  armature  would  be  drawn  momentarily  down,  and 
the  steel  point,  pressmg  upon  the  paper  over  the 
groove  in  the  roller  e,  would  indent  it,  or  mark  it 
with  a  depressed  dot.  A  spring  over  the  armature 
ann  raises  it  again  the  moment  the  magnet  has 
ceased  to  act.  If,  instead  of  transmitting  only  a 
momentary  current,  the  communicating  clerk  were  to 
continue  the  transmission  during  a  short  period,  the 
arm  would  be  contmually  pulled  down,  and  the  point, 
pressing  on  the  paper  as  it  moved  onwards,  would 
indent  it  with  a  depressed  line,  the  length  of  which 
would  depend  on  the  dirration  of  the  current  through 
the  wire.  With  various  combinations  of  these  two 
simple  marks,  viz.  a  dot  and  a  line,  a  symboKcal 
alphabet  has  been  constructed.  The  clerk  can  there- 
fore, by  means  of  a  simple  key  for  making  and  breaking 
the  electric  cireiut,  produce  any  one  of  these  marks, 
which,  after  a  little  practice,  can  be  read  with  the  same 
facility  as  ordinary  printmg. 

Other  modifications  of  symbolical  printing  tele- 
graphs have  been  contrived.  In  one  the  motion  of  the 
armature  was  made  to  raise  and  lower  a  pencil-point, 
which  in  its  quiescent  state  continued  to  trace  a 
straight  line  on  the  moving  ribbon  of  paper,  but 
when  jerked    acide  by  the   aniiature,   it    made    a 


f\         like  deviation  from  (he  Hnc,  or  if  the 
current  were  continued  for  a  short  time,  then  it  traced 

f\ mark.     In  this  instrument  the  writing 

appeared  thus : — 

to        NO         ON 

The  two  forms  of  ma 
symbolic  alphabet,  ii 
and  line. 

Chemical  printing  Telegraph.— la.  this  instrument 
we  make  use  of  that  property  of  the  electric  current, 
whereby  certain  chemical  compounds  are  decomposed, 
or  resolved  into  other  compounds,  on  the  transmission 
through  them  of  this  current, 
clock-work  is  employed 


Fig.  82-3,  and  pass- 
ing over  a  metal 
roller  b.  A  small 
steel  wire  c,  con- 
nected with  the  wire 
from  theKne,  presses 
Lightly  on  the  paper 
upon  this  metal 
roller,  so  that  any 
current  which  may 
be  sent  through  the 
^\-ire  shall,  in  its 
way  to  the  earth, 
pass  through  the 
steel  wire  c,  through 
the  paper  strip,  and 
to  the  roller  b.  The  paper,  before  being  coiled  on 
the  roller  a,  is  dipped  in  some  chemical  solution  (of 
which  there  are  many )  which,  though  in  itself  nearly 
or  quite  colourless,  becomes  colom-ed  when  decom- 
posed by  the  passage  throxxgh  it  of  an  electric  current. 
Then,  by  regulating  the  duration  of  this  current,  we 
can  stain  the  paper,  as  it  were,  in  dots  and  lines, 
exactly  as  in  the  last  instrument  we  embossed  it  witli 
dots  and  lines ;  the  key  used  for  this  purpose  being 
the  same  as  in  the  last.  In  fact,  the  two  machines 
resemble  one  another  in  many  points,  but  differ  in 
this,  that  in  the  fii-st  the  current,  by  its  mechanicd 
action  on  the  armature,  embosses  or  stamps  its  marks 
on  the  paper ;  in  the  second,  by  the  direct  passage  of 
the  cm-rent  through  the  prepared  paper,  tlus  becomes 
stained  or  dyed  in  parts  with  symbolical  markings. 
The  same  alphabet  of  marks  will  serve  for  both 
machines. 

A  most  mgenious  modification  of  this  principle  has 
been  made  in  the  Writing  Telegraph.  It  is  evident 
that  if,  instead  of  employing  a  long  ribbon  of  paper, 
we  took  just  length  enough  of  it  to  pass  once  round 
the  roUer  b,  and  if  we  gave  this  roller  not  only  a 
rotation  on  its  axis,  but  also,  by  means  of  a  screw, 
a  slow  advance  from  side  to  side  as  it  rotated,  then 
the  steel  wire  would  trace  on  the  paper  a  spiral  line 
like  the  tluead  of  the  screw,  which  shifted  endway? 
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the  roller  b.  Now  if  also,  instead  of  communicaliug 
by  a  key,  we  had  at  the  other  end  another  roller 
exactly  like  h,  and  which  by  means  of  elock-work 

■       ■  and  with 

r  restiug 

by  the 


on  this  second  roller 
continuously  iki-m  :   , 
as  the  wire  on 
further,  that  I  In 
pressure  of  this  t;  >«    i 
then  if  on  the  sinlac 


^roller; 


this  roller  wc  iilaced 
ol'  any  non-conducting  material,  as  sheU-lao  or  r 
when  the  tracer  passed  over  this  as  the  roller  turned 
round,  the  wii'e  at  the  roUer  h  would  cease  to  make  its 
stained  mark,  while  the  tracer  was  passing  over 
non-conductor,  and  would  begiu  agaui  to  mark  directly 
the  tracer  had  again  eoitie  upon  the  metal.  Now 
use  this  machine,  the  words  are  wiitten  on  a  slip  of 
tinfoil  in  a  non-conducting  varnish.  As  soon  as  this 
is  dry  the  tiufoU  is  wi'apped  around  the  tracer  roller, 
and  the  tracer  being  made  to  bear  upon  it,  the  two 
rollers,  one  at  the  communicating  and  the  other  at 
the  receiving  station,  arc  started  at  the  same  moment. 
Then  while  the  tracer  rests  on  the  tinfoil,  (whicli  is  a 
conductor  of  electricity,)  the  wii'c  on  roller  b  will  con- 
tinue to  make  its  stamod  spiral  line  on  the  prepared 
paper ;  but  whenever  in  its  passage  the  tracer  rests  on 
a  piece  of  the  varnished  writing,  (lie  current  will  be 
broken,  and  the  spu"als  traii  .l  i  -i  1 1 ,  ,-  ■  ■  .  1  h  i  ri'  will  be 
interrupted.     Hence  wc  f:'>      .     ii  :  nuptions 

on  the  paper  I'ound  the  riiH  -         I,  ruiucide 

with  the  writmg  which  Ikis  |.,r  .  1  n:!l<  i  \\v  tracer, 
and  we  shall  have  on  unfolding  this  paper  from  the 
roUer,  a  fac-simile  of  the  original  writing,  which  will 
appear  in  clear  spaces  left  free  from  the  parallel  lines 
traced  close  together  over  every  other  part  of  the 
paper.  This  fac-sumle  will  appear  much  like  Fig. 
824.  By  means  of  this  instrument,  the  actual  hand- 
writing of  a  corresponilent  may  be  said  to  Lc  trans- 


Some  lew  forms  of  telegrajih  have  been  proposed 
which  scarcely  come  under  any  of  these  classes,  but 
such  forms  are  rather  curiosities  of  the  lectui-c  room 
than  really  practical  telegraphs,  and  it  is  therefore 
unnecessary  to  occupy  space  in  describmg  them. 
The  classes  above  given  include  every  fonn  which 
has  at  present  been  brought  into  any  really  extensive 
and  useful  application. 

At  tlie  present  time,  the  question  of  the  practica- 
bility of  laying  down  the  electric  telegraph  between 
places  separated  by  seas  or  by  wide  rivers,  occupies 
much  attention  among  practical  electricians.  Erom 
wliat  we  have  said  of  the  transmission  of  the  current, 
at  the  eommeucement  of  this  article,  it  is  obvious 
thnt  (.be  wliole  gist  of  the  mutter  lies  in  the  inqiiiry. 


whether  a  wii-e  can  be  so  covered  and  protected,  as  to 
remain  permanently  insulated  and  uninjured  beneath 
the  water.  Among  the  various  materials  proposed 
for  the  covering,  gutta  pcreha  seems  at  present  the 
most  promising  of  success.  13ut  this  requu'cs  to  be 
protected  from  abrasion  by  tides  and  currents  acting 
on  the  sand  and  shingle  of  the  bottom,  and  the  wire 
itself  must  be  guarded,  as  far  as  possible,  against 
accidental  or  wilful  injury  by  ships'  anchors,  fislung- 
nets  and  trawls.  The  most  feasible  mode  of  effecting 
this  which  has  been  yet  proposed,  is  that  of  enclosing 
a  gutta  peroha  covered  wii-e  in  a  peculiar  kind  of 
chain  or  jointed  cybnder  of  iron.  The  links  are 
made  somewhat  like  the  joints  of  the  vertebral 
column,  so  that  they  form  a  scries  readily  flexible 
in  every  direction  and  yet  perfectly  enclosing  the 
covered  wire  within.  This  chain  or  necklace  woidd  be 
laid  along  the  bottom  of  the  sea  or  river,  and  secm'cd 
at  various  points  by  means  of  fixed  moorings  or 
anchors.  The  immense  importance  which  would 
attach  to  some  submarine  lines  of  telegraph,  is  a 
guarantee,  that  although  the  scheme  seems  at  present 
surrounded  by  difficulties,  it  will  ere  long  be  ac- 
complished. 

A  method  of  crossing  rivers  or  other  small  masses 
of  water  without  the  ui       ' 
posed,  and  found  succes 
applicability  is  limited  to  the; 
the  width  to  be  erossid 

parallel,  for  a  distance  i  -: 

distance  asunder.     The  ) 

far  greater  resistance  offered  by  water  than  by  metal 

to  the  passage  of  the  electric  fluid.     Referring  to 

Eig.  825,  it  is  obvious  that  if  ;dong  the  two  banks  of 


of  any  wii-e,  ha 

been  pro- 

ul  in  some  instai 

ces,  but  its 

3  those  few  case 

s  iu  which 

ii,and  the 

'1'     ■•:■■ -.1.1 

iue    nearly 

.rnpn., ..■„,'      ,      'l, 

sed  on  the 

-ifflfflH,/. 

.nil  the  water  ^'^-  ^-^' 

I  the  river,  by  plates  or  masses  of  metal  sunk  in  tho 
■  I V  er,  then  a  current  sent  from  the  battery  at  d,  so  as 
1 '  I  pass  along  the  wire  to  e,  would,  on  arriving  at  the 
plate  c,  have  two  courses  open  to  it,  one  being  directly 
back  through  the  wrier  from  c  to  d,  and  the  of  her 
across  from  c  to  e  along  the  wire  ef,  (passing  through 
the  instrument  at  c,)  and  back  again  from/  to  d.  Now, 
it  is  found  that  if  the  two  distances  c  e  and  fd  be 
together  much  less  than  the  distance  c  d  ox  ef, 
then  the  resistance  through  the  course  cefd  will 
be  so  much  less  than  that  through  the  course  cd 
of  water,  that  the  cm-rent  will  pass  across  the  river  at 
c  thi-ough  the  wire  on  the  other  side,  and  agam  across 
at/,  rather  than  take  the  direct  water  course  cd. 
Or  rather,  strictly  speaking,  the  current  divides  itself 
between  the  two  courses  in  inverse  ratio  to  then- 
resistances,  so  that  nearly  all  the  cui-rcnt  takes  tlie 
eireuitous  course  of  least  resistance,  and  very  little 
takes  the  direct  eoui'so  of  greatest  resistance.     The 
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credit  of  this  ingenious  contrivance  belongs  to  Pro- 
fessor Morse,  of  America. 

The  electric  telegraph  is  at  present  in  use  in  nearly 
all  parts  of  the  world  ;  and  many  countries  separated 
by  the  sea  are  connected  by  means  of  submarine  cables. 
The  various  parts  of  tlic  metropolis,  and  of  large  towns, 
are  connected  by  Wheatstone's  Universal  Telegraph, 
which  will  be  described  in  the  Appendix,  to  which  we 
must  refer  for  further  telegraphic  details.  Messages 
are  transmitted  at  fised  rates  for  the  accommodation 
of  the  public,  in  addition  to  the  numerous  communi- 
cations made  for  the  service  of  the  several  railways. 
The  public  messages  are  of  coui-se  as  varied  in  their 
subjects  as  the  letters  transmitted  by  post.     Those 


ic  e.\tcut  aud  importance 
me  idea  may  be  formed 


for  tJ 


puhli. 


Professor  Whcatstone  had  shown  by  his  beautiful 
investigations,  before  the  construction  of  any  tele- 
graph, that  the  speed  of  electricity  was  quite  equal 
to,  and  probably  exceeded,  that  of  light,  which  travels 
at  192,000  miles  per  second.  There  is  therefore  no 
time  lost  in  the  actual  passage  of  a  signal  ;  for,  taking 

the    exlr,' r.ie^e    i„    ("urni    V-nh^u,.    II   ^1     i-.,    IV.u,: 

Gospi.rl     I  .;...■..    i:         :..:•:  ..■!•!■     

the  interval  woidd  be  less  than  the  SSOih  part  of  a 
second. 

The  actual  speed  of  signalling  varies  much  with 
different  instruments.  On  an  average  it  may  be  taken 
somewhat  as  luider : — 


These  are  the  actual  rates  of  working  with  experieneed 
clerks.  The  time  actually  occupied  in  lln  ^  ;-  :i_.  i  i 
a  message  from  the  hands  of  the  sen.il  i  ■  i 
thereceiver,  varies  greatly  according  a-^  '  : 
is  on  some  main  line  of  commuuicatiou  ur  uu  a  .  eeuiu; 
rate  branch  luie.  In  this  last  case  the  message  will 
probably  be  sent  first  to  the  nearest  main  station, 
and  be  theuee  transmitted  by  the  branch  Une.  As 
these  liiiii  i:'  '..|i-  f  .  iti  nne  line  to  another  may  be 
(ifthr,',  •;.  11  be  some  small  and  remote 

town)  '.-•  r  i  .  I  iliree  times,  more  time  would 
elapse  l»f'ii,  iii,  -('v.il  arrival  of  such  a  despatch 
than  woukl  be  required  for  one  addressed  to  a  point 
of  greater  importance,  and  therefore  of  more  direct 
communication. 

The  cost  of  a  line  of  telegi-aph  is  dependent  on  so 


many  eii-eumstances  that  no  precise  data  can  be  given. 
The  number  of  wires,  the  mode  of  their  suspension 
or  insulation,  the  kind  of  timber  used  for  posts,  the 
nunili  r  "i  -liiiMi.,  all  concur  to  affect  the  cost. 
Gen  ,  h'        .    ,  liie  cost  of  each  -nare  is  stated 

to  li  i'      [ler  mile,  of  the  timber,  posts, 

&e.  iVii  n  I'i'  to  .'"'A  per  mile,  and  of  each  station 
introduced  from  20/.  to  30/.  These  amounts  have 
reference  to  open  line  or  suspended  wires  only,  not  to 
wires  insidated  for  passage  through  tunnels  or  under- 
ground.   [See  Appendix.] 

ELECTRO-METALLURGY.  This  important 
branch  of  modern  industry  (also  called  ffalvano- 
pliis/ic  or  elect ro-ti/pc)  owes  its  rnigin  to  the  fact, 
ihat  when  a  voltaic  cuiinii  i-  i  ,1  ilnnugh  a 
I'lallic   solution,   decom;  '   .        ,'ac;    the 

lelal  in  a  revived  form  al  I"'!'  '  li  :■  i  iir  negative 
I'lile  or  electrode,  while  Vw'  .  ■  I  ■  i  .'!  ,.  rs  to  the 
positive  pole.  Althou;;li  '  i  i  i  ,  ly  coeval 
with  the  discovery  of  the  •,  .  .  ^  !:  )•'  \\  was  not 
until  about  the  year  lS:j'.i,  1  ii..:  n  ii  ,i  n  .i  lo  any  one 
tt]  turn  it  to  practical  aeeouui  lu  eleeuo-melallurgio 
I  roecsses.  There  would  doubtless  have  been  much 
liiiieulty  in  doing  so  before  the  invention  of  what  is 
ailed  the  "constant  battery;"  but  in  this  invention, 
and  in  the  long  inqnii-y  which  resulted  therem,  so 
many  facts  in  electro-metallurgy  were,  as  it  were, 
thrust  upon  the  inquirer,  that  nothing  but  the  scien- 
tific preoccupation  of  the  mind  could  have  prevented 
the  reception  of  the  practical  suggestions.' 

The  discovery  of  the  voltaic  pile  was  first  an- 
nmmeed  by  Volta,  in  a  paper  which  he  transmitted 
In  ilir  11,,.M  S.,eir(y  in  the  year  ISOO.  By  means  of 
■,  i  ;■  M>'  instiniui  111.  Mrhnlson  effected  the 
'  .  !i  of  water  and  nf  several  metallic  salts. 
(  iMik  'iiiilo,  the  mvenliiv  nl'  the  galvanic  battery, 
attached  ti  sihcr  whe  to  each  pole  of  his  battery,  and 
placed  the  other  ends  of  these  wires  in  a  glass  tube 
containing  a  solution  of  acetate  of  lead:  when  the 
electric  current  had  been  made  to  pass  through  it  for 
some  time,  metallic  lead  was  found  deposited  on  the 
negative  pole.  With  solutions  of  sulphate  of  copper, 
nitrate  of  silver,  £-c.,  a  similar  result  was  obtained, 
the  \\v:\\\\>  lioiii-  in  earh  i-a -r  Ml  enniplitclv  revived 

aslo-l',;,      1     o,     ,    ..,,'    ■:     .ai    ^     (ir    aa|/...    '  iou    of    thc 

batleiA     In    ihr    aiiai.H-     of    eaiaa-il,        \iaiiy    other 

l.aato       ■,->:    •  •.,,!  ,.,ii,  I    .~^    i'oaaa'  i  '.,li   .  ,!^,      ThuS 

.:, ..,,  .;■.,.  I;   o.o  ,  :!.•       Ilo  olon-vedthe 

from  one  pole  to  another ;  that  silver  when  deposited 
upon  platinum  preserved  all  its  metallic  lustre,  and 
that  when  copper  or  zmc  was  used  m  connexion 
with  the  positive  pole  of  the  pile  for  decomposing 
salts,  these  metals  were  dissolved  and  deposited  upon 
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Ihf  uegalive  polo.  lu  1805  this  obseiTer  writes  that 
liu  h;i(l  r/i/l  in  a  coiiiplete  manner  two  large  silver 
mi'daU,  by  bringing  them,  by  means  of  a  steel  wire, 
into  coniuiunication  with  the  negative  pole  of  a  voltaic 
pile,  and  keeping  them  one  after  the  other  immersed 
in  amiiiuniui-et  of  gold  newly  made  and  well  saturated. 
Mnrh  earlier  than  this,  viz.  in  1  SOI,  lYoUastou  made 
the  following  observation — "  If  a  piece  of  silver  in 
comicxion  with  a  more  positive  metal  be  put  into 
a  solution  of  copper,  the  silxer  is  coated  over  with 
the  copper,  which  coating  wUl  stand  the  operation  of 

These  and  a  lai-e  number  of  similar  nbM'ivatlnns 
were  made  b\  i  n  i  i  i  I  >  In  i  i  i  I  >  m  |  i  '  'i  'i  d 
in  journals  .n  i  i  i 

quarter  of  a  i 

industrial  ail^      I \     .      i  1 1         I  - 

constant  batteiy,  in  \\liii  li  <  upper  i-,  being  ( iintiiiu.illy 
reduced  upon  the  negative  plate,  it  was  observed  that 
on  stripping  off  this  np\'ily  deposited  copper,  it  had 
the  coimterpnrtt   of   mi   ■      ri-itrli   nf  ilir  pl-ito  on 


which  it  wa--'  1    ,  ■  ii|  -  ,  I      |.  ,1    ,11  li.- 

queutly  ma  1  i    i  i  <  1     1      i  i 

metallurgy.     A\    ui   I       IM  th     .,     Ji.  ^ 

on  the  negative  platr  In  mi;  f.iilhfuUy  copicil,  a  pi-imy 
piece  had  been  used  by  a  self-taught  man  of  genius, 
as  the  cheapest  and  readiest  method  of  forming  a 
negative  plate,  and  the  image  and  superscriptidu  of 
tlie  coin  had  been  copied  in  the  deposited  copper,  as 
smoothly  and  as  sharply  as  in  the  original,  then  the 
first  direct  e\perimrnt  in  the  art  of  clrcfrn-mrtallurfry 
had  been  mr  '  T  '  '  i  ,  I  i  -  c  i  I '  '  1 
andlumin.M  i 
(Mr  Thomas   ^  i 

application ;    lint    li  m         iT     iln  ],|  i   I    -       ' 

varnish  upon  a  slip  <d  riipp(  r  \Uiuh  lu-  -sias  about  to 
use  in  the  same  way  as  he  had  used  the  penny  piece, 
and  finding  that  no  deposit  of  copper  took  place  ou 
the  parts  covered  m.i1,  -  h  .nM,  l,p  then  conceived  the 
idea  of  appU        '  'lir  arts,  by  coating  a 

pieee  of  cu|  i  ,  i   wax,  and  cutting 

a  design  tin.  luu  n  i  i  )  lea\e  the  copper  bare, 
and  then  to  deposit  a  metal  upou  these  parts,  so  that 
upon  lemoving  the  varnish  the  design  would  be  left 

These  experiments  were  made  in  1S37,  but  no 
account  of  them,  or  of  the  more  successful  results 
which  were  afterwards  obtained,  appears  to  have  been 
published  until  September  1S39.  On  the  4th  IWay 
of  that  year,  it  was  announced  m  the  J/fieiircmii,  that 
Professor  Jaoobi  at  St.  Petcrsbuig  had  discovered 
a  method  of  converting  any  line,  however  fine,  en- 
graved on  copper,  mto  a  relief  by  a  :,al\auie  pinccss. 
This  annonucement  produced  a  1(  n,  'i     (     .1 

Jordan,  a  piinter,  dated  22d  Ma^ 
the  8th  June  of  the  same  yeai  i 
JMagazine.  He  describes  his  appai  i  i-  ih  i..llu>  - 
ing  terms: — "It  consists  of  a  glass  tube  closed  at 
one  extremity  with  a  plug  of  plaster  of  Paris,  and 
nearly  filled  with  a  solution  of  sulphate  of  copper : 
this  tube  and  its  contents  are  immersed  in  a  solution 
of  common  salt.     A  plate  of  copper  is  placed  in  the 


first  solution,  and  is  connected,  by  means  of  a  wire 
and  solder,  with  a  ziue  plate  which  dijis  into  ilie 
latter.  A  slow  electric  action  is  thus  established 
through  the  pores  of  the  plaster,  the  result  of  which 
is  the  precipilation  of  minutely  crystallized  copper 
on  the  plate  of  that  metal,  in  a  state  of  greater  or 
less  malleability,  according  to  the  slowness  or  rapidity 
with  which  it  is  deposited.  In  some  experiments  of 
this  nature,  ou  removing  the  copper  thus  formed,  1 
remarked  that  the  surface  in  contact  with  the  plate 
equalled  the  latter  in  smoothness  and  pobsh  It 
occurred  to  me,  therefore,  that  if  the  surface  of  the 
phitewere  engraved,  an  impression  might  be  obtained. 
This  was  found  to  be  the  case;  for  on  detaching  the 
piecipitated  metal,  the  most  delicate  and  superficial 
markuigs,  from  the  fine  particles  of  powder  used  in 
polishing,  to  the  deeper  touches  of  a  needle  or  giaver, 
exhibited  their  correspondent  impressions  in  relief 
with  great  fidelity.  It  is,  therefore,  evident  that  this 
principle  will  admit  of  improvement,  and  that  casts 
and  moulds  may  be  obtained  from  any  form  of  copper. 
This  rendered  it  probable  that  impressions  may  be 
obtained  from  those  other  metals  haraig  an  electro 
negative  relation  to  the  zinc  plate  of  the  battery. 
Wifli  this  view,  a  common  printing  type  was  sub- 
stituted for  the  copper  plate,  and  treated  in  the  same 
manner.  This  also  was  successful:  the  reduced 
copper  coated  that  portion  of  the  type  immersed  in 
the  solution.  This  when  removed  was  found  to  be 
a  perfect  matrix,  and  might  be  employed  for  the 
piiipn=;e  nf  castiiie-,  w-hrre  time  is  not  an  object." 
(!''       I       '•   '   <     '     '  111  also  pointed  out,  such 

II  ists  of  coins  or  medala 
I  d    &c.,  which  may   be 

I  ili>id  111  I  1  ,1  _  I  |iissiinis  in  soft  mctalj. 
•■  ('  ists  may  piobably  be  iibtaiiicd  from  a  plaster  sur- 
face surromidiug  a  plate  of  copper ;  tubes  or  any 
small  vessels  may  also  be  made  by  precipitating  the 
ini  *  d  Toiiiid   '  1MVP,  or  any  kind  of  surface  to  form 

II  1  '  'i  maybe  removed  meehanieally  by 
till  I  solvent  or  by  heat."  It  is  due  to 
Ml  I  1  11  1  .  •  lie  that  these  hints  and  suggestions 
made  at  this  eaily  period  in  the  history  of  the  art, 
have  since  been  acted  upon  with  considerable  success, 
as  will  be  presently  seen. 

TVe  may  wind  up  this  historical  notice  by  stating 
that  the  difficulty  of  obtaining  copies  in  metal  from 
plaster  casts  and  similar  nou-conducliiig  siu'faces  was 
completely  overcome  by  the  discoveiy  of  IMr.  Robert 
Murray,  that  the  use  of  plumbago  or  black-lead  gave 
to  the  surface  of  uon-mctallio  bodies  a  conducting  pro- 
perty ;  so  that  it  was  no  longer  necessary  to  use  metal- 
li,  moulds,  or  moulds  lia\  ing  metal  ledue,  d  ui-on  their 


Thl  1;.vtteei.— If  a  piece  of  /me  be  put  into  a 
solution  of  sulphuric  acid,  a  strong  chemical  action 
takes  place ;  hydrogen  gas  arising  from  the  decom- 
position of  the  water  of  the  solution  is  evolved  from 
the  surface  of  the  zinc,  while  the  oxygen   of  the 
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decomposed  water  vmitcs  with  tlie  metal,  forming  oxide 
of  zinc,  which  is  dissolved  by  the  acid  as  fast  as  it  is 
formed.  If  the  zinc  be  amalgamated '  there  will  be 
uo  action,  for  the  mercury  retams  the  zinc  with  suf- 
ficient force  to  protect  it  from  the  acid  ;  but  if  a 
piece  of  copper  be  also  immersed  in  the  dilute  acid, 
and  ihe  two  metals  be  made  to  touch  each  other,  as 
in  Pi^.  S26,  then  the  acid  again  acts  upon  the  zmc, 
but  the  hydi-ogen  now  escapes  from  the  surface  of 


"~"^ 


the  copper,  instead  of  the  zinc :  this  action  will  be 
continued  as  long  as  the  two  metals  are  kept  in 
contact,  or  have  the  means  of  communicating.  Thus, 
it  will  be  equally  effectual  if,  instead  of  causing  the 
two  metals  to  touch,  a  copper  wh-e  be  attached  to 
each,  and  the  opposite  ends  of  the  two  wires  be  brought 
into  contact,  as  at  .r,  in  Fig.  827.  Or  if  the  ends 
of  the  two  wires  be  placed  m  dilute  acid  contained  iji 
another  vessel,  as  m  Fig.  828,  the  same  action  will 
take  place  between  the  zinc  and  the  copper  as  if  they 
were  in  contact,  with  this  additional  circumstance,  that 
the  ends  of  the  two  wu'cs  which  dip  into  the  dilute 
acid  are  also  acted  on :  the  wu:e  attached  to  the  zinc 
gives  off  hydi-ogen  gas,  while  the  one  attached  to  the 
copper  is  rapidly  dissolved.  This  second  vessel  in 
Kg.  828  is  termed  the  decomposition  cell. 

In  the  above  arrangements  we  have  a  galvanic  circle 
in  its  simplest  form,  of  which  the  tlu-ee  parts  or 
elements  are  zinc,  acid,  and  copper,  each  of  these 
bodies  being  in  contact  with  the  other,  or  connected 
therewith  by  conducting  substances.  Under  these 
circumstances,  a  quantity  of  electricity  is  set  in 
motion;  a  continued  cm-rent  of  electricity  passing 
from  the  zinc  to  the  acid,  from  the  acid  to  the  copper, 
from  the  copper  back  again  to  the  ziuc,  and  so  on  in 
a  constant  circuit.  By  attaching  wires  to  the  plates, 
the  circuit  is  lengthened,  but  the  cvirrent  moves  in 
the  same  direction  as  before,  viz.  m  the  fluid  from 


the  zinc  towards  the  copper,  and  along  the  wires  from 
the  copper  to  the  zuic.  The  completion  of  the  cii-cuit 
by  means  of  wires  enables  the  operator  to  du-ect  (he 
electric  current  through  boties  more  or  less  distant 
from  the  battery,  and  it  also  enables  him  to  iuterrupt 
or  renew  the  communication  between  the  two  metalHc 
plates,  by  merely  separating  or  joinmg  their  remote 
extremities  at  .r.  When  united,  the  wbe  o.  Kg.  827, 
proceeding  from  the  copper  plate  c,  imparts  electricity 
to  the  wire  b  in  contact  with  the  zinc  plate  z :  so 
that  the  former  is  considered  as  being  in  a  positive 
aud  the  latter  in  a  negative  state." 

Almost  any  two  metals  with  a  liquid,  arranged  as 
iu  the  above  experiments,  wQl  produce  an  electric 
current ;  but  the  current  ■nill  vary  according  to  the 
kiuds  of  metal  employed,  aud  the  action  of  the  hquid 
upon  them.  If  the  liquid  act  upon  both  metals,  the 
current  of  electricity  will  be  very  feeble,  depending, 
as  it  does,  upon  the  difference  between  the  action  of  the 
acid  upon  one  metal  compared  with  its  action  upon 
the  other  metal.  If  the  liquid  act  equally  upon  both 
metals,  there  will  be  no  electric  current.  The  most 
effective  electrical  action  is  produced  when  the  solution 
acts  on  one  of  the  metals  with  great  case,  and  has  little 
or  no  action  ou  the  other  metal.  The  metal  which  is 
thus  readily  attacked  or  dissolved  is  termed  the 
positive,  and  the  other  the  negative  metal.  It  must, 
however,  be  remembered,  that  metals  are  positive  or 
negative  to  each  other  only  when  placed  imder  similar 
circimistances.  If  a  piece  of  copper  and  a  piece  of 
iron  be  connected,  and  immersed  in  very  dilute  acid, 
the  kon  will  be  dissolved,  aud  hence  is  positive  with 
respect  to  the  copper;  but  if  these  metals  be  im- 
mersed in  a  solution  of  yellow  hydro-sulphm-et  of 
potassium,  the  copper  will  be  dissolved,  aud  is  hence 
-f  with  respect  to  the  kon.  In  the  following  list 
the  common  metals  are  arranged  in  the  order  of  their 
relative  negative  and  positive  properties,  when  im- 
mersed in  water  acididated  with  sulphuiic  or  muriatic 
acid.     At  the  head  of  the  list  is  the  most  intensely 


s  applied 


I  signifies  a  way,  for  the  negative  pole  cathode,  signifying 


draining  for  a  few  hours,  the  niercnry  may  he  ruhbed  again  over 
the  plate,  and  a  second  draining  will  complete  the  process. 

of  about  equal  pans  by  measure  of  satu°rated  solutions  of  bichloride 
of  mercurj-  (corrosive  sublimate)  and  acetate  of  lead:  they  are 
tUen  ruhbed  with  a  cloth  and  are  ready  for  use. 
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negative  metal,  and  at  the  bottom  of  the  !ibt  ib  the 
most  positive  metal : — 

Platinum.  Copper 

Gold.  Lead. 

Aiitimouy.  Iron. 

Silver.  Tin. 

Nickel.  Cadmium 

Bismuth.  Ziuc. 

In  this  arrangement,  each  metal  is  posituL  ^vllh 
respect  to  all  that  stand  before  it,  and  the  electa  al 
conditions  become  more  marked  the  further  ap^it 
they  stand  in  the  scale.  Thus,  a  battery  of  zinc  and 
platinum  is  very  powerful,  while  one  of  copper  ind 
iron  is  very  weak ;  but,  as  akeady  stated,  the  chief 
condition  of  a  galvaruc  batteiy  is  to  obtain  i\\  o  met  ds 
and  immerse  them  in  a  solution  which  is  cap  iblc  of 
acting  upon  the  one  and  not  upon  the  other 

Copper  and  zinc  are  in  many  respects  the  cheapest 
and  most  effective  metals.  Some  of  the  other  metah 
such  as  lead,  are  objectionable  on  account  of  the 
tendency  to  tarnish  or  oxidize  :  moreover,  leid  is  a 
bad  conductor  of  the  electric  cm-rent,  and  is  hence 
not  adapted  to  be  used  as  an  element  in  a  bitteiy 
for  the  negative  metal  must  bo  a  good  conductoi  (some 
say  that  it  acts  the  part  only  of  a  conductoi)  The 
conducting  power  of  the  respective  metals  is 


also  becomes  coded  with  i  thin    bbck    suniy  film 
of  o\ide  and  impuritv  which  M  o  gir\tl>  dimnubhcs 
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Li  any  voltaic  arrangement  where  the  negative 
metal  is  not  a  good  conductor,  it  should  be  placed 
very  near  to  the  other  metal.  It  is  not,  how  cm  i 
necessary  to  describe  the  numerous  forms  of  batti  i 
which  had  been  contrived  up  to  the  date  of  the  m\  i_  i 
tion  of  the  constant  battery.  They  consisted  foi  th 
most  part  of  ten  or  twelve  pairs  of  zinc  and  coppei 
phitcs  attached  to  a  rod  of  wood,  the  zinc  of  one  parr 
having  metallic  connexion  with  the  copper  of  the 
next  pair,  and  so  on.  The  exciting  liquid  wa'i 
contained  in  a  trough  divided  into  as  many  sepaiate 
water-tight  cells  as  there  were  pau-s  of  plates  attached 
to  the  rod.  A  wire  attached  to  the  last  plate  of  zmc 
Conned  the  positive  pole,  and  a  similar  wire  attached 
to  the  last  plate  of  copper  at  the  opposite  end  ionned 
the  negative  pole.  On  bringing  the  two  cxtiemities 
of  these  wii-cs  together,  the  cm-rent  was  said  to  be 
closed  A  number  of  these  troughs  pro)  uly  a  ii 
nccted  togetlicr  increased  the  effect  in  dircit  pn  ] 


bitteiy  -nhioh  contains   th  i    "i  li 

ddute  sulpluuic  acid    and  t  the 

copper  is  filled  v.  ith  a  solut  i    i  |  1 1 1 

The  action  of  the  batttu  i  i     i  i   the 

ouhiiaiy  batteiy    the  zmr  i  md 

but  the  hvdiogen  msteid     1   i  I  the 

coppei  pi  ite  combines  with  (he  c  \\^ui(  I  tin  ulphnte 
of  coppei  '  md  the  coppei  thus  set  free  fiom  the 
acid  coinbmes  \uth  the  copiei  plitt  of  the  bittciy 
thus  1  cipiii    up  a  ]  uic  mc 


Itw 


a  batter 


hi^  ol   ' 


pairs,  that  Sir  H.  Davy  decomposed  the  11 
and  made  many  other  brilliant  discoveries. 

Now,  the  chief  defects  of  such  a  batteiy  uc  — 
].  That  the  hydi-ogcu  evolved  at  the  surface  of  th 
negative  metal  adheres  with  great  force  theieto  and 
greatly  diminishes  the  effect  by  dunuiishing  the  actuig 
sm-fice.  2.  A  portion  of  the  sulphate  of  zinc  becomes 
in  a  short  time  reduced  upon  the  copper,  thereby 
weakening  the  electric  current,  and  even  producing 
a  current  in  an  opposite  direction.     3.  The  copper 


r  the  top  of  the  cylmdcr 
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m  wliicli  IS  suspended  by  a  \voodeu  cioss  bai  a  lod  of 
Mh  vlgamated  ziuo,  half  an  inch  in  diameter  Ihe  cell 
IS  charged  with  a  mi\tme  of  S  paits  watei,  and  1  put 
sulplmue  acid,  pievioush  situiated -nith  sulphate  of 
copper,  and  cijbtals  ol  the  silt  arc  pheed  upon  the 
upjicr  coppei  phte,  which  is  pciloi  ited  hkc  i  col  indei, 
m  ordoi  to  keep  the  solution  alw  ijs  satiuated  The 
niteiiial  tube  is  filled  with  the  acid  mixture  m ithout 
the  bidphite  ot  coppei  \.  nuinbti  of  svch  ccDs  may 
be  easily  connected  by  ittachmg  the  zmc  of  the  one 
to  the  coppei  ol  the  other,  as  shown  in  Fig  850 

Admnable  as  this  aiian!,emcnt  1%  it  his  not  been 
nifioduced  m  electio  mctalluigic  opciatioiis  on  a  laige 


metals  upon  oi  within  them  as  in  IJaniell'o  bitteiy , 
but  it  has  not  the  constiney  and  steadiness  of  the 

mtious  acicl  fumes      i  i.        '   ,  i   h  ibly 

pie\eut  it  liom  li  m  mci 

One  of  the  cln  i,  m.  of 

bitteiy  IS  that  Loiilii  i  j_i  ^1  illI  ^u  t  ihis 
gentleman  had  obscived  that  it  the  coppti  plate  of 
a  batteiy  be  roughened  eithei  by  the  use  of  coirosive 
acids  01  bj  lubbmg  with  sindpi(ifi  it  "ill  thunv 
off  the  hydiogen  much  uioic  fi  i  h  1 1 
one  He  thcicfoie  made  pluiiniM 
ooveiiug  it  with  a  finely  dun  I   1   1 


ive,  butdihus  m  the,  auan^emeut  ol  the  metals    li^    t>o2,  which  iepie-,eiil 

I  the  exciting  litjuids,  phtiuum  being  used  instead  I  single  cell,  J  being  the  j  u  ( 

coppei,  and  stiong  nituc  aci  1  ill  tc  iJ  of  therein      f  iiiiiii^  the   Militniuel  ml 

1  ol  blue  vitiiol     A  sm^l  lU  n  i    i  i     n  1 

id  up  m  a  jeU\  pot  oi  a  t  \ 

?  IS  pi  iced  ui'iide  the  vessi  1  , 


\^ 


us   Cl    li 


1   the   pot   with       I  1(1      a  wue    piiallili 

ifliid  to  t  ch  111  1  I  luingemciit      cssentn 

lieu  a  seues  IS  Usui    \ii         j  n.   '  il  (immends  the     c\tendLd  i   u    i     n  i,l    iihi 
,0  to  be  foimed  and  phced  m  the  cell  c  of  atiough,     thin  silvu  plate      Out  ol  the,  '''■'  ''' 

uiFi^  S31     thepoious  vessel,  which  should  be  tla*",  i  cliinps,  at  the  top  ot  the  wooden  bai,  is  connected 

1  phte,  aud  the  othei  with 


r\ 


1. 


1  \Mthin  the  ^iiic,  z,  so  th  d  the  phtiuum,  p, 
d  111  it  miv  be  coimectcd  with  the  zmc  of  the 
iiiing  pail  at  the  top  by  means  of  biiieung 

orm  of  battery  has  great  activity  of  action  and 
f  or  power  of  cuiTeut.  A  battery  consisting  of 
irs  of  zinc  and  jilatinum  is  more  effective  than 
ary  battery  of  ten  or  twelve  pairs.  The  porous 
!  not  so  soon  closed  up  by  the  deposition  of 


IS  much  u 
1  )l  to  any  gieat  extent 

,  objects  by  the  piocess 
,  Inst  unpoitince  to  be 
5  01  le^eised  copies  of 
iosi(  Ihe  met  d  b^  elec 
'  I  h  ot  lusible 
composition 


1  the 

iiticle  Aiioi  (|  ,^  ,///  ]  till  ]  lopoition  of  the 
mtjiecbents  in  a  pound  of  this  alloy  ib,  bismuth  8  oz, 
tm  3  oz ,  and  leid  5  oz  These  should  be  melted  to 
gethei  in  a  clean  iron  ladle,  and  as  soon  as  they  are  com- 
pletely liquefied,  be  poured  on  a  stone  slab  in  drops ; 
then  re-melted  in  the  ladle,  and  poured  out  a  second 
and  a  third  time,  to  ensure  tlie  combination  of  the  in- 
be  brushed 


gredients.  The  iiir,l:il  tn  hr 
over  with  a  little  -v,  '   : 

a  piece  of  cotton  v,  \ 

is  next  to  be  In  in    ■ 
thecdp'  .  'ilir  -:iii  I 

above  till-      ■      ;      •    ■        ■    1       :  I; 

fusible  ;i]'.i.  I    :  .  '-  ,"  ■!  -! 

soUdifymg,  the  medal,  with  t 
be  suddenly  brought  down  u 
alloy  has  fairly  set.  Wlien  i 
the  medal  is  to  be  removed. 


,.;    r     I'lilly  wiped  with 

Hit  a  quarter  of  an  inch 
face  of  the  medal.  The 
II  a  melted  state  into  a 
;is  it  is  on  the  point  of 
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separate,  its  tliickncss  being  determined  by  the  hciglit 
of  1  lie  slip.  A  film  of  ojude  is  apt  to  form  on  the 
metal,  which  wUl  render  the  cast  dull.  Jfr.  Walker 
remarks  thai  "dull-looking'  moulds  must  always  be 
rejected,  for  so  minutely  correct  is  the  process  of 
electrotype,  that  the  dulness  of  the  mould  will  be 
transferred  to  every  copy  made  from  it.  Even  if  an 
original  medal  be  incautiously  handled,  the  slight 
trace  of  a  finger-mark  will  he  trnusferrcd  to  the 
mould,  and  thence  to  tlif  rlo.  ti-..fvyu.  ropips." 

A  fusible  alloy  ('••'''   :  i-     :'v  is  used  for 

obtaining  the  bc.-niti:      ,  i       in  rich  medals, 

wliich  are  so  much  ihim  irl.  1 1,.  miupositiou  is, 
bismuth  S  parts,  tin  i,  lead  0,  and  antimony  1.  The 
medal  to  be  copied  is  to  be  mounted  in  the  cavity  of 
a  block  of  wood  shaped  like  a  button-die,  and  the 
metal  being  poured  into  a  shallow  box  lined  with 
smooth  cartridge-paper,  any  film  of  oxide  upon  it 
must  be  swept  off  with  a  card,  and  just  as  the  metal 
is  on  the  point  of  solidifying,  the  medal  should  be 
struck  gently  and  steadily  upon  it.  Cliches  moulds 
tl  us  foimed  aie  veiy  perfect 

Bees  wax  with  oi  without  stenunc  is  to  be  n  elled 
m  a  pipkin  ovei  a  slow  fire,  and  about  oi       v         1 
of  white  lead  or  flake  wliite  stined  m    tl 
shoidd  be  melted  t\io  or  three  times  1    1 
foi  the  flist  time     The  medal  must  1     ] 
above  directed    and  then  held  vnt  li  it  I     1 

sloping  the  i;\ax  just  as  it  is  be  mmng  to  t 
tl  en  to  be  poi  ltd  into  the  lowest  i  oition  and  qCi  1 1 
bioun-lt  to  a  le\el  so  that  tie  wax  may  flow  o  i 
the  whole  this  will  prevent  the  foimation  of  an 
b  bl  Ics  Ab  soon  as  the  wax  has  solidified  the  caul 
ini  mistbeicii  \cd  foi  if  11  \icltoiemam  until 
tl  11  c  11  tl       ax  will  adheie  to  it 

II  k  ng  would  be  liable 

I  1  oui  01  two  tlio  wax 

Id 

i  1  1  i  1  loinied  by  mal  mg  tl  e 

fuLst  il  bti,i  1  tu  X  thiL^  Clean  and  pouimg  a  small 
portion  of  it  upon  the  face  of  the  medal  and  then 
with  a  small  bi  h  gently  biushmg  the  plastei  mto 
every  part  of  the  s  uface  this  wiU  pievent  the 
foil  lation  of  an  bubl  1  the  icn  indei  ot  the  plastei 
is  to  be  jouiel  m  until  it  i  ses  to  the  edge  of  the 
11  n  In  about  an  houi  the  moid  1  may  be  taken  off  and 
diicd  befoie  tie  lire  aftei  which  it  is  to  be  ihced 
back  downwaids  in  a  shallow  vessel  contaimng  melted 
wax  not  s  ifficientlv  deep  to  co\  ei  the  face  of  the 
u  ould  but  the  vessel  being  j  it  ovei  a  slow  fiie  the 
wax  wd  peue  late  the  plastei  and  a]  peai  on  the 
fice  It  IS  then  icmoved  ai  1  lelt  to  haidcn  m  i 
cool  place 

Gutt^  1 
This  s  1 


Tscntcd  i 


very  fine,  all  the  deep  parts  1 

a  manner  superior  to  tlinso  t  ikcn  lu  wax. 

Wax  moulds  m::;.  '<  !  i'  .  ,  I'x u  pUster  medals  by 
saturating  the  hit t.  I  ,    '    i  '  n  r,d  oil,  or  even 

with  wafer  or  skin        i    i  .\   mould  of  plastei 

from  a  plaster  mcil:il  m:iv  :ii  '.  \,r  inkiu  by  wiping  the 
medal  with  a  little  snft  bray^  and  tallow,  or  wetting 
it  with  a  solution  of  soap.  Fusible  alloy  moulds  may 
also  be  taken  from  plaster  by  similar  contrivances. 

In  order  to  give  the  non-metaUic  moidds  a  eon- 
ducting  surface,  black-lead  is  applied  to  them,  as 
akeady  noticed :  a  copper  wire  is  first  put  round  the 
edge  of  the  mould ;  or  if  of  wax,  a  thin  slip  of  copper 
is  inserted  into  its  edge ;  or  if  the  copper  be  gently 
heated  and  laid  upon  the  back,  the  wax  wiU  adhere 
to  it.  A  fine  brush,  such  as  a  small  hat-brush,  is  then 
clipped  into  fine  black-lead,  and  brushed  over  the 
surface  of  the  medal  until  the  whole  face  has  a  com- 
plete metallic  lustre.  None  of  the  black-lead  must  be 
allowed  to  get  to  the  back  of  the  nioidd,  or  to  any 
part  where  a  copper  deposit  is  not  required.  When 
the  mould  ajpeais  to  bo  covcicd  no  whitish  spots 
should  be  seen  o  i  bieatl  ii  g  upon  it    if  such  opots  do 


I   1 


et. 


II 


Ic  ^  J  s  ol  1  1  aiL  1  ojped 
11  this  mxtuie  is  vciv  finb'e  In 
1    "•  \   ic    1     e  ben  foind  uscf  1 

I  1        1  Tl        w   es 


allowed  to  1  est  11 

esjecaUymtl  \   I       tie 

CO)  1  ei  is  depo  I  11    i     ovc  1 

D  licate  object  ts   'Ic    winch 

\\  oidd  be  mjm    11  elbydiniig 

them  uito   t  ^     L      1  1  1     jf  sd\  ei   a  1 1 

reducii  _,  the  sdvei  b\  c\i  osu  t  to  \  j  o  ii  of  pi  s 
].hoius  01  by  the  action  of  light  orbysulihuio  sacid 
gas  In  this  way  the  « tifacc;  of  tl  e  mo«t  rehcatc 
ol  )ccts  aie  male  cond  ict  ig 

Single  Cell  System— The  pieviois  detad  le 
sj  eotmg  the  frimat  rn  f  a  voltaic  batteij  -ivill  tnablc 
us  leaddy  to  undeisl  ul  that  if  one  of  the  mould'- 
piepared  as  aboie  duectcl  oe  attache  1  to  one  end  of 
a  wue  an  1  a  piece  oi  zii  c  be  f  istenc  1  to  11  e  other 
end  of  the  Mue  and  the  zmc  be  unmeised  1 1  dilute 
ac  d  and  the  mould  m  a  sol  if  ion  of  sidpliate  of  coppei 
tl  e  t\\o  bquids  bemg  sepanted  by  apoio  is  j  art  tioi 
the  clectue  cuirent  exjend  itself  m  depositmg  the 
I    t  1        tl  ill      II  f  ct   tie  1  0  11  t  k  s  the 

I  1  ^  n 


1  n  aid  a  n  f  ty  ol  tl  c  s  It  1  „  tt  j  li 
f  need  uj  on  it  untd  it  stands  above  the  edge  of  the 
1  1  it  IS  tl  en  placed  m  a  common  coj'^ing  piess 
ai  1  ept  unlci  jiessuie  uitd  it  is  q  tc  cold  and 
h     1      Ilemiie.sioist  k   iiitl  ,w  y  aieu  uaily 


I  bat  1  CI  y  to  a  otl  ei 
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which  v'  is  a  vessel  containing  a  solution  of  sulphate 
of  copper ;  V  another  vessel,  in  which  is  p,  a  porous 
ceU,  filled  with 


first  cell  is  connected  by  a  wire  with  a  piece  of  copper 
ond  cell.  The  electricity  passes  from  the 
zinc  z  to  m,  and  by  the  wire  to  c ;  then  to  ra',  and  by 
the  wire  back  to  the  zinc  z. 

The   usual  form  of  the   single  cell  apparatus  is 
shown  in  Pig.  834,   in  which  z  is  a  rod  of  amal- 
gamated zine,  ;;;  the  moidd,  w  the  wire  joining  them, 
c  the  solution 
of  sulphate  of 

•lution.    Fig. 


binding-screws,  with  a  metiJ  rim,  and  on  the  latter 
are  hung  several  moulds  attached  to  wires.  The 
process  is  more  likely  to  succeed  when  several  moulds 
are  being  operated  upon  at  the  same  time.  The  copper 
solution  must  be  kept  saturated  by  having  the  per- 
forated shelf  supplied  with  crystals. 

CosiPOUND  Cell  System.— This  method  of  eco- 
nomizing power  will  be  understood  from  Fig.  836, 
in  which  A  is  a  Smee's  battery,  z  the  wire  con- 
ducimg  electricity  to  the  compound  trough,  which  is 
composed  of  a  series  of  water-tight   cells,   and  is 


couuccted  with  a  piece  of  copper  c,  forming  a 
positive  electrode  ;  in  the  same  cell,  and  facuig  this 
electrode,  is  a  medal  coimected  by  a  copper  wii-e  to  a 
piece  of  copper  placed  in  the  second  cell,  opposite  to 
which  is  another  medal  connected  in  the  same 
mamier  with  another  piece  of  copper,  and  so  on 
tlirongliout  the  series,  which  terminates  with  a  medal 


attached  to  the  wire  of  the  battei-y.  The  electricity 
from  the  battery  passes  through  all  these  cells,  p.ud 
reduces  its  equivalent  in  each  cell.  Thus  the  solution 
of  32  grauis  of  zinc  in  the  battery,  would  deposit  32 
grains  of  copper  mrdtiplied  by  6  times,  or  as  many 
times  as  there  are  cells.  It  must,  however,  be  re- 
membered that  every  cell  adds  so  much  to  the 
resistance  of  the  current,  that  a  battery  of  con- 
siderable power  is  required.  Thus  to  work  the  above 
arrangement,  a  battery  of  G  pairs  of  plates  would  be 
required  to  give  sufficient  intensity  to  overcome  the 
resistance,  and  the  same  number  of  medals  could  be 
made  of  the  same  weight  by  G  separate  zincs,  and  in 
less  than  half  the  time  in  which  they  could  be  made  by 
this  arrangement,  and  with  a  less  expenditure  of  zinc. 

The  copper  solution  used  for  obtaining  the  deposit 
acts  differently  upon  different  moulds.  If  a  mould 
of  fusible  metal  be  placed  in  the  solution  before  the 
battery  is  in  action,  it  wUl  act  chemically  upon  it, 
and  produce  on  its  sm-face  a  dark  dkty  deposit. 
Hence  the  battery  must  be  got  ready,  and  then  the 
chcuit  be  completed  by  immersing  the  mould  last. 
In  such  case,  a  very  poor  deposit  of  copper  is  in- 
stantly made  on  its  whole  surface,  and  the  mould 
is  not  even  wetted  by  the  liquid.  When  a  sufficient 
thickness  has  been  deposited,  the  copy  is  removed 
and  the  mould  can  be  used  again.  The  deposit  of 
popper  on  the  plumbago  surface  of  a  wax  mould,  is 
,,,,t  ;„<:(■, iitniipAus,  but  gradual;  commencing  near 
•  •      :t  il  to  it,  and  gradually  spreading  over 

W  heu  the  deposit  is  removed,  it  carries 

1  ':ii  1  iiir  \\!iole  or  a  portion  of  the  plumbago, 
so  that  the  mordds  requu'e  a  fresh  coat  of  this  sub- 
before  they  can  be  used  again.  If  all  the 
arrangements  have  been  properly  made,  the  deposit 
of  copper  win  be  of  a  brilliaut  light  colour.  Be- 
ginners in  the  art  are  often  annoyed  at  the  rotten 
character  of  their  deposits.  This  was  formerly  sup- 
posed to  result  from  the  presence  of  sulphate  of  zinc 
with  the  sulphate  of  copper.  "  The  real  cause  depends 
on  the  relation  subsisting  between  the  generating 
power  dependent  on  the  action  between  the  zinc  and 
the  acid,  and  the  strength  of  the  solution  of  the 
sidphatc  of  copper,  on  which  this  power  is  exercised. 
If  the  latter  be  well  saturated,  the  copper  will  be 
released  pure  and  fii-ra :  if  it  be  almost  exhausted, 
the  hydrogen  gas  will  be  released  from  the  copper, 
and  the  deposit  will  be  a  dull  powder.  In  the  wide 
range  between  these  two  states  is  found  the  brittle 
deposit:  it  appears  under  many  varieties  of  forms, 
according  as  the  solution  is  nearer  to  a  state  of  satu- 
ration or  to  one  of  exhaustion,  on  the  one  hand ;  or 
accordmg  to  the  energy  or  weakness  of  the  affinity 
between  the  zinc  and  its  exciting  soluiion,  on  tbe 
other.  This  latter  condition  exists  in  a  modified 
form,  when  a  large  piece  of  zinc  is  used  with  a  small 
object  to  be  copied.  The  depobit  is  very  hard,  but 
not  tenacious.  It  may  be  easily  broken.  Li  copying 
seals  and  such  like  small  objects,  pieces  of  zmc  an 
inch  square  are  quite  large  enough." 

The  mediJs  may  be  removed  from  the  moulds  of 
fusible  metal  by  gently  and  carefully  raising  the  edges 


ELECTRO-lMETiVLLURGY. 


witli  a  brad-awl.  The  separation  from  the  was  mould 
may  be  accompKshed  by  laying  it  on  a  flat  surface, 
face  downwards,  and  after  pressing  in  different 
parts  of  the  circumference  the  slight  overlapping 
edge  of  copper  with  the  brad-awl,  the  two  may  be 
jmllcd  apart. 

The  electrotype  medals  may  bo  bronzed  brown  by 
wcti  ing  them  with  a  solution  formed  by  adding  four 
or  five  drops  of  nitric  acid  (o  a  wine-glassful  of 
water :  when  the  medals  are  dry,  they  should  be 
gradually  heated.  A  very  dark  coloured  bronze  may 
1)0  given  by  washing  with  a  solution  of  siilphui-et  of 
ammonia,  drying  at  a  gentle  heat,  and  polishing  with 
a  hard  hair-bmsh.  A  green  bronze  may  be  imparted 
by  steeping  the  medals  for  some  days  in  a  strong 
solution  of  common  salt,  or  by  exposing  the  medals 
to  the  fumes  of  viuegar  or  muriatic  acid.  The 
appearance  of  the  ancient  green  bronze  may  bo 
given  by  suspending  the  medals  over  a  very  small 
portion  of  bleaching  powder,  contained  in  a  small 
covered  jar.    [See  Appendix.] 

Other  applications  op  the  art.— In  addition 
to  the  copying  of  medals  and  other  similar  works, 
many  useful  applications  of  clccfmlyiiiiig  have  been 
made,  such  as  imparting  ixcoii/-,.  ;  "i  i-"f\  >  i  i''  <■"/■- 
Jiiccs  for  decorating  buildiuys,   i  .  -  <„/ 

a/rvi/iffs,  &c.  Cloihhas  also  lam  i  -,  .-  ,  n  !  inaJe 
to  appear  like  a  sheet  of  cojipLr,  wliilc  i!,  icuuucd 
the  lightness  and  pliability  of  cloth.  Luce  has  been 
covered  with  copper,  and  even  gilt,  and  made  into 
beautiful  ornaments.  TaWe  covers  with  metallic  or- 
naments richly  gilt,  and  ioo/c  covers,  have  also  been 
prepared  by  this  art.  Attempts  have  beeu  made  to 
j)repare  and  eteh  calico  printer's  rollers  by  this  pro- 
cess, wliich  has  been  successfully  applied  to  many  of 
the  operations  of  ordinary  printing.  It  has  been  used 
in  the  production  of  music  prinliiii/  plates,  and  for 
raising  sm-faces  for  embossiii//  soft  materials  such  as 
leather ;  by  depositing  a  sheet  of  copper  upon  a  skin 
of  morocco  leather,  it  can  be  used  for  imparting  an 
impression  to  other  skins.  Mr.  Palmer  has  also  ap- 
plied the  electrotype  to  the  art  of  eiujraviiig.  The 
]n-inciple  of  the  invention  consists  in  depositing  copper 
in  the  grooves  or  engravings,  made  in  a  layer  of  some 
soft  substance  spread  on  aslieet  of  copper,  and  covering 
the  whole  with  a  sheet  of  electrotype  copper.  The 
coimterpart  of  the  engraving  thus  produced,  is  usul 
in  printing  in  the  same  manner  as  wood-blocks ;  tli:ii 
is,  they  can  be  made  up  with  the  type,  and  pruil.  v! 
from  at  the  ordinary  printer's  press.'  Copper-pUtU 
engravings  have  also  been  copied  by  this  art :  an  elec- 
trotype mould  is  first  made  of  the  engi-aving,  and 
from  this  any  nundDer  of  clectrcfype  copies  of  the 
copper-plate  engraving  may  be  fruri    -  ;,>  i\  .L  ,'.iMi    1 

These  plates  are,  however,  so  ,  ,      ;  :   

the  ordinary  process  of  coppi  -  ,  ;  ; 

the  old  method  of  steel-engni\  mj  i  i-niiM-l  lo 
this   new   one.      Daguerreotype  pictures   have    been 


clectrotyped  in  the  following  manner: — a  piece  tl 
cleaned  flattened  wire  is  soldered  to  the  back  of  the 
picture,  which  is  then  protected  by  wax,  and  put  into 
the  copper  solution  in  the  same  manner  as  a  medal ; 
when  the  deposit  is  sufficiently  thick,  it  may  be 
separated  easily,  and  will  be  found  to  bo  an  accurate 
copy  of  the  original,  with  even  a  softer  and  finer  ex- 
pression :  several  electrotypes  may  be  taken  from  one 
picture.  The  electrotypes  may  next  be  passed  through 
a  weak  solution  of  cyanide  of  gold  and  potassium, 
and  subjected  to  the  action  of  a  very  feeble  cm-rent, 
when  a  beautiful  golden  tint  will  be  given  to  the 
pictui'e,  winch  will  jn-oteet  it  from  the  action  of  the 
atmosphere ;  it  should  also  be  protected  by  a  glass. 

A  process  has  lately  beeu  proposed,  under  the  name 
of  Galvamc  soldeniig,  bv  which  t-no  pieces  of  metal 
may  be  imited  by  means  of  auothei  met  d  deposited 
therein  through  the  agency  of  a  voll  iic  euueut 
Mr.  Eisner  Ins  dcscubed  m  the  Muiin^'  Jouunl 
some  successful  expeuments  on  this  subji  el  In 
one  of  these,  a  stiong  iing  of  sheet  coipei  \\  is  cut 
asmider  at  one  point,  and  a  space  ol  diout  inrth  of 
an  inch  left  between  the  seveied  paits  This  ung 
was  then  attachL  1  to  the  m.,  Iul  ilcctiodt  ol  a 
constant  battel  v     1  I       1       m  the  eoppei 

solution,  the  'ii  ipletcly  idled 

up  with   solid  I      anothei    c\ 

periment,  two  stiu  ^       -,  u       l  i  pel  wcio  hid 

with  then  fieshly  cut  1  ices  ouc  upon  the  othei,  so 
as  to  form  a  cykndei ,  the  imgs  weie  suiiounded 
with  a  band  of  tinned  iion,  coated  with  a  solution  of 
wax,  and  weie  thus  attached  to  the  negative  wue  of 
the  battery,  and  immersed  in  the  bath  of  sulphate  of 
copper.  At  the  end  of  a  few  days,  the  interior 
sui-face  of  the  rings  was  covered  with  precipitated 
copper,  and  between  the  contact  surfaces,  copper  was 
also  precipitated.  The  rings  had  only  been  submitted 
to  the  voltaic  current  to  such  an  extent  as  to  cover 
their  interior  surface  with  a  thin  coating  of  copper, 
but  they  were  completely  re-united  and  formed  a 
cylinder  of  a  single  piece. 

Electro-plaiing. — We  have  noticed  the  appli- 
cations of  electrotype  to  the  coating  of  surfaces  with 
copper.  We  come  now  to  notice  briefly  the  ex- 
tension of  the  art  to  the  production  of  plated  goods, 
or  the  dcppsit  of  silver  upon  a  baser  metal,  such  as 
("111  I  r.  111  .  and  German  silver,  which  are  best 
:  !  I      1 !  i- piirpose.2    Instead  of  the  solution  of 

.  i,l|  i,  .    '  1  I'per,  used  for  obtaining  the  copper 

piLCipuate,  a  solution  of  cyanide  of  silver,  dissolved 
in  cyanide  of  potassium,  has  been  found  best  adapted 
for  obt;duing  the  silver  precipitate.  This  solution  is 
usually  obtained  by  dissohim;  metallic  sd\Li  in  dilute 


which  is  added  a  solution  of  c^amdr  of  pula-;; 
until  a  white  precipitate  of  cyanide  of  sdver  c 


ELECTRO-JIBTALLURGT. 


to  be  fcrraeJ.     Ti\e  act 
represented : — 


Cjanide  of  potassium  ...  KCv   I   Cyanide  of  silver  AgCy 

When  the  precipitate  has  settled,  the  clean  solution 
is  carefully  decanted  off,  and  the  vessel  filled  up  with 
water  which  is  agiin  decanted  when  the  precipit  ite 
has  settle  1     This  ib  lepeafcd  three  oi  foiu  timers  in 
order  to  dissolve  out  the  sol  ible  salts    A  solution  of 
c\  luido  of  potassium  is  then  added  to  the  pieoipitafe 
until  it  is  all  dissolved     Ihis  solution  having  htcu 
filteitd   foinis  tie  platuig  solution   anl  cnn=;i'it    of 
cj  amdo  of  potassiu  n  aud  sih  er     The 
otliei  solutions  of  sihei  m  use    such 
sil  ci  dissohed  m  yellow  piussiate  of  ] 
sulphite  of  -jilvei   silution     a  soluti 
chloiide  of  silver  and  otheis  which  aie  k  c  ib   1  ii 
Ml   Najiei  s  treatise 

Tilt  aiticles  to  he  (lited  aie  cleansed  fioni  gica<ic 
'      1  1     1   1  1 1  an  allv  dme  ley ,    they  aie  th  n 

1  into  dilute  uitiic  acid  which 
that  may  have  foimed  on  the 
xt  brushed  with  a  hard  biush 
111  1  U  It  sHid  Each  aiticle  to  be  jlitcd 
bemg  thoiouglily  cleansed  is  suspended  by  twistiug 
a  copper  wue  round  it  oi  by  juttrng  the  vvue 
through  in\  i  i  |  it  It  is  then  chpped  quickl> 
into  1  it  t         t  \  \s  itei   aud  ni  ineisc  1 

111  the  si  bi  g  it  fiom  the  vuie 

v^hichc  1     vessel  fiom  the  zmc 

of  the  !     I  il  I   comes  instantly  coated 

■v\  ith  sih  ei  1  Itti  a  Ic  \  seconds  is  taken  out  and 
well  blushed  with  a  haid  hau  biush  and  a  little  fine 
svnd,  01  on  a  laige  scale  bi  ishes  of  bnss  wue 
attached  to  a  lathe,  aie  used  for  the  pui pose  This 
buishmg  removes  any  paiticle  of  foieign  mattei 
which  might  pievent  the  peifeet  adhesiou  of  the 
silvei  piecipit  te     ^ 


from  the  solution,  a  weak  battery  may  bo  used; 
though,  when  the  battciy  is  weak,  the  silver  de- 
posited is  soft,  but  if  used  as  strong  as  the  solution 
will  allow,  say  S  or  9  pans,  the  silver  will  be  equal 
in  hardness  to  rolled  or  hammered  silver.  If  the 
battery  is  stronger  than  the  solution  will  stand,  or 
the  article  be  very  small  compared  to  the  size  of  the 
plate  of  silver  foiming  the  positive  electiode  the 
sdvci  -nill  1  L  deposited  as  a  po-nder  ' 

The  b  tf  Liy  must  be  so  arianged  that  the  j  iit  fj 
of  electucity  geneiated  shall  be  sufhcient  to  give  the 
required  coating  of  metal  m  a  gi\  n  time  and  the 
t  te  1  f I  i\^      it  to  c   1      tl        1  ot  1  ity  to  pa  s 


1  the 


;  of  a 


'Ileal    ice  lb  lite    1  l 

bo  cutl  dlv  taken  1      i  mutts 

in  boihug distilled  v    litdiies 

lust  lutly        It  it  1  1     p  it  m  an 

ail  tight  fiameimniL  i     1  1 

at  once  1  laced  undti  a  glass    1 
exposuie  to  the  au  taimshes      I 
sidihuiet  of  sil  ci    aud  tl   t  la 

100  1  wuctheiLi  file  orgs  ltd  t  1  nt 
«  nted  to  M  a  /  r  /  SI  it  ice  it  is  blushed  with  a 
wi  e  bi  bh  au  1  11  le  oi  bcei  but  the  amateui  may 
usealadbiuh  Ivihitmg  It  may  be  afteiv\  iids 
b  uTiibhed  accoi  bii  to  the  usu  J  method  of  biu 
nshmg  by  lubbui^  the  surface  \Mth  consideiable 
pressure  with  polisl  cd  steel  or  tl  c  ii  mcnl  tcin  cl 
bhoiiiuue    Wcmayrennik  tl    f       1         i 


G'  leet  long  33  mohes  bioad  and  33  inches  deep 
and  contains  generiUyfiom  200  to  2o0  gallons  of 
soluti  n      Ihe    d        )  1  t  s  \  1  eh  aie  used  as  elec 

I  1  I  Two  lattery 

1    1  mtensity 
1     s  1  imeised 
1  1  u      1  sq  m  of  ex 

pobC  1  I  t  icc  thus  tjUmg  fui  tl  0  b  ]  lites  504  sq  in. 
fiom  which  electucity  is  disengaged  The  suifaces  ot 
the  sd\ei  electrodes  e\posed  to  the  aiticles  lecenmg 
the  deposit  vaiy  fioni  3  000  to  4  000  square  mches 
of  suiface  In  the  bittery  b  the  zmc  pole  z  i"  con 
ueeled  with  the  lods  ic  e  and  the  coppci  pole  c  is  con 
uected  with  the  inetalhc  sheets  r  r  m  the  solution  by 
means  of  the  coj  per  slip  f  b  d  are  aiticles  susj  ended 
m  the  sobition  bv  wires  from  the  rods  kr  As  soon 
IS  the  aiticles  which  tie  connected  with  the  negative 
pole  of  the  batteiy  aud  the  metaUic  sheets  connected 
with  the  positive  pole,  aie  both  inmeised  m  the 
solution  the  voltaic  cu  cult  IS  con  1  It  ted  The  amount 
of  metal  deposited  is  ascci  tamed   ly  vveighmg  the 

II  1    t      ll  1  u  allowance 
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to  a  pkite  Ijy  continuing  tlio  operation  bufficieutly 
lous:.  An  excellent  pLilc  ib  formed  by  allow  nig  from 
1-j-  oz.  to  1^  oz.  of  silvei  to  tlie  square  foot  of  surface  : 
suoli  a  deposit  \\ill  be  about  as  thick  as  ordmary 
writing-paper. 

Tliere  is  a  tendency  in  the  silver  solution  to  ai  range 
ilbclf  into  layers  of  unequal  density,  tlie  consequence 
of  which  is,  that  an  unequal  deposit  is  made  upon  the 
ai tides,  more  being  laid  upon  the  lower  paits  than 
upon  the  upper.  This  is  prevented  by  keeping  the 
ai  tides  in  motion,  for  wrhich  pm-pose,  in  some  fac- 
tories, some  simple  machinery  is  attached  to  the  vat, 
and  moved  by  the  engine  power  or  by  clockwork. 
Care  must  be  taken  that  the  voltaic  current  is  not 
stopped  while  the  deposit  is  being  made,  otherwise 
the  metal  deposit  will  be  lapidly  dissolved  off.  Keep- 
ing the  articles  in  motion  also  remedies  another  defect, 
viz.  the  formation  of  porous  silver.  All  deposited 
metal  is  crystalline,  but  Jlr.  Napier  states  that,  by 
nent  nf  tlie  battery,  lie  has 


1   - 


nf 


uiudi  so,  that  some  goods  li  uf  to  be  heated,  m  uulei 
that  they  may  be  more  easily  burnished. 

■VVhen  the  deposit  is  judged  to  be  sufSciently  thick, 
the  ai  tides  are  taken  out  of  the  solution,  dipped  in 
water,  then  put  into  boiling  water,  and  alterwaids 
ih'ied  in  hot  sawdust.  Their  colour  is  chidk  wnitc 
After  being  weighed,  they  are  brushed  with  fine  wiie 
brushes  and  stale  beer,  as  alieady  deseubed,  which 
changes  the  appeaiance  of  elalk  white  into  that  of 
bright  metallic  silver.  The  chalky  appc.uance  may 
be  prevented,  and  tlie  deposit  be  made  to  have  that 
of  bright  inetallio  sdxer,  in  the  first  instance,  by 
adding  to  the  solution  a  small  quantity  of  sulphuret 
of  carbon. 

Solid  sih  er  articles  may  bo  formed  by  the  electro 
piocess,  by  fii'st  making  a  copper  mould  by  the  elec- 
trotyije,  and  depositing  the  silver  witliin  it  to  the 
pioper  thickness.  It  is  then  kept  in  a  hot  solution 
of  cioous  and  muriatic  acid,  or  boiled  in  dilute  muri- 
dtic  acid,  whicn  dissolves  the  copper  without  uijuring 
the  silver.  An  objection  to  solid  silver  articles  is, 
that  they  aie  dumb ;  that  is,  they  will  not  ring  on 
being  struck  or  placed  suddenly  upon  a  table,  as 
standard  or  alloyed  sihcr  does,  but  appear  to  be 
cracked,  or  like  lead.  This  arises  from  the  crj  stalline 
chaiacter  of  the  sih  cr,  and  albo  from  its  purity,  for  the 
sound  is  not  impioved  by  beating  and  hammciing. 
The  same  objection  applies  to  gold  deposited  by  elec- 
tricity.    [See  ArptXDix.] 

EL^.CTli,o-GILDl^G.— The  gold  solution  is  formed 
by  dissolving  gold  in  idtro-mmiatic  acid,  so  as  to 
foim  dilonde  of  gold.  This  is  digested  with  calciutd 
magncbia,  and  the  gold  is  piecipitated  as  an  oxide: 
the  oxide,  having  been  boded  in  strcug  iiitiic  acid, 
which  dissolves  any  remaining  magnesia,  is  well 
washed,  and  dissolved  in  cyanide  of  iiotassium,  which 
gives  cyanide  of  gold  and  potassium.  In  using  the 
cyanide  solution,  a  temperature  of  at  least  130^¥ahr. 


dague 


is  necessary.  The  positi\e  electrode  of  the  battery 
must  be  of  ;,'iild  ;  the  iRi;ali\e  of  iron  or  copjier,  m 
a  poious  x  Nl  _  1  111,  cyanide  of  potassium. 
The  aiiu  ,  eaiiscd  as  in  the  plating 

process   ,  ,  pjiiig  into  uitrio  acid  is 

mmcces   n        ,  _   uhi;^   is  generally  performed 

upon  sd\a  aitu  h  s.  A  sinail  article  may  be  propeily 
gUt  in  tlirce  or  four  minutes.  lion,  tin,  and  lead  aie 
veiy  difficult  to  gild;  but  by  first  depositing  a  thin 
coatmg  oi  cojiper  upon  tliem,  the  gilding  is  leadily 
performed.  "  The  gilding  solution  generally  contains 
from  one-half  to  an  ounce  of  gold  in  the  gallon,  but 
ermg  small  aiticles,  such  as  medals,  for  tingemg 
■reotypes,  gilding  rings,  thimbles,  &c ,  a  weaker 
in  win  do.  The  solution  sLould  be  suflieieut  in 
qitautity  to  gild  the  articles  at  once,  so  that  it  sliuuld 
not  have  to  be  done  bit  by  bit ;  for  when  there  is  a 
part  in  the  solution  and  a  part  out,  there  will  gene- 
laUy  be  a  line  mark  at  the  ]ioint  touching  the  surface 
of  tlic  soliiti(m.  Tlic  rapidity  with  which  metals  aie 
'  '  '  '  i'  ml'  '  ''ill  ilution  is  ic- 
I     1  1     not  wholK 

I     I  ,  li.at  tmic,  bo 

M,    il      U.I      Ml  I   I    as  if  cut  by 

a  knife  This  is  also  tin  case  iii  mUu',  copper,  and 
other  solutions.  .  .  .  Aceoiding  to  the  amouni 
of  gold  deposited,  so  will  be  its  durability:  a  few- 
grains  will  serve  to  give  a  gold  cohur  to  a  ^cry  large 
sui face,  but  it  will  not  last:  this  pro\cs,  howe\ei, 
that  the  process  may  bo  used  for  tlie  most  inl'crioi 
quaKty  of  gilding  Oold  tliinly  laid  upon  sil\er  wdl 
be  of  a  li.l  '  I  '  1m  ^i  of  the  property  of  gold 
to  trail  lilt  ion  for  gUding  silver 

shoidd  111  I   for  copper  it  should  be 

at  its  mini  li         \  niiu  blush  may  be  sufficient 

for  articles  nut  sidijcitcd  to  wear;  but  on  wateli- 
cases,  pencil-cases,  chains,  and  the  like,  a  good  ciuting 
should  be  given.  An  oulinary-sized  watch-case  slmuld 
have  from  20  grains  to  a  pennyweight :  a  mere  colour- 
ing will  be  sufiieient  for  the  inside,  but  the  outside 
should  have  as  much  as  possible.  A  watch-case  thus 
gilt,  for  ordinary  wear,  will  last  five  or  six  ycais 
■^vithout  becoming  baie.  We  have  known  some  to  be 
in  use  full  six  years  without  losing  their  covering. 
SmaU  sdvcr  chains,  such  as  those  sold  at  8s.,  should 
have  12  grains ;  pencil-cases  of  ordinai-y  size  should 
have  from  3  to  5  grains;   a  thimble  from  1  to  2 

Among  the  applications  of  electio-gHding  may  be 
mentioned  the  gdding  of  springs  and  w  oiks  of  chrnno- 
meters.  M.  Perrot  has  undertaken  to  gUd  all  ihe 
movements  of  a  w  ateh  not  only  while  m  their  places, 
but  also  whde  in  motion.  M.  Hamuian,  an  engiaver, 
has  deposited  a  coat  of  gold  instead  of  one  of  varnish 
on  plates  intended  for  ordinary  etching,  and  has  traced 
the  design  through  this  delicate  lajer. 

The  cyanogen  gas  given  off  from  tlic  cvanide  solu- 
tions appears  to  have  an  injuui  u^  n  1  li  ilili, 
especially  in  badly  ventilatid  I  i  lub 
of  the  people  engaged  in  jilai II  i-  i-  al-o 
subject  to  ulceration,  and  the  niei  IS  ait  tliliii  all  to 
heal.     Eruptions,  also  in  some  case.«,  will  break  out 
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over  the  body  of  the  workman,  in  consequence  of  in- 
haling the  deleterious  fumes. 

Electro-Zincing,  &o. — Iron  can  be  covered  by 
ziuc,  and  thus  be  protected  from  rust,  by  the  electro- 
process,  the  solution  being  that  of  sulphate  of  zinc, 
and  the  battery  one  of  feeble  power.  Another  method 
of  making  this  (lulranizei  iron,  is  given  in  the  article 
Amal(,  AM,  jiayr  i;3.  Recipes  have  also  been  given  for 
cl  dm  ii,i„ :  -III  ;iud  chdro-brassing .  Patents  have  also 
been  fakeu  out  for  proces.^es  for  reducing  copper  from 
its  ore  by  the  aid  of  an  electric  current.  There  are 
also  various  other  applications  of  the  art  of  electro- 
type, but  time  is  required  to  test  their  value. 

Statistics.— Birmingham  is  the  chief  seat  of  the 
electro-plating  and  gilding  trade,  and  Messrs.  Elking- 
ton  and  Mason's  factory  is  the  most  important  one. 
The  Editor  visited  this  factory  a  few  years  ago,  and  saw 
the  practical  application  of  the  art  on  a  large  scale. 
By  its  means  a  revolution  has  been  effected  in  the 
plating  trade.     It  was  introduced  by  Mr.  EUdngton, 
in  1840,  amidst  much  discouragement  and  opposition. 
Manufacturers  and  retail  tradesmen  were  opposed  to 
the  change.     "All  sorts  of  objections  were  started, 
and  the  silversmiths  refused,  in  many  instances,  to 
take    the   articles  into  their  shops,  even  to   retail 
them  at  a  profit.     But  these  and  iimumerable  other 
difficulties  were    ultimately  powerless    to    obstruct 
the  progress  of  the  art.     The  wonderful  nature  of 
the  agency  by  which  the  result  was  effected  excited 
curiosity ;  but  when  it  was  seen  that  the  operation 
was  so  simple  and  so  unerring — that  the  most  elabo- 
rate articles  could  be  plated  mth  as  much  perfection 
as  a  common  sheet  of  metal— and  that  for  beauty 
and  elegance  electro-plated  goods  were  fidly  equal  to 
articles  chased  in  solid  silver  or  gold,  a  demand  for 
them  began  to  arise.     As  early  as  1841  the  business 
had  assiuned  considerable  importance,  and  in 
year  18i2  the  Messrs.  Elkington  found  constant 
ployment  for  as  many  as  300  people.     The  m; 
facture    has    since    gone    on    increasing,    and    the 
patentees  now  employ  upwards  of  500  hands;  they 
are  extending  their  works,  and  the  manufacturer 
Birmingham  and  Shef&eld,  licensed  by  them  to 
their  patent,  amount  to  upwards  of  thirty,  of  whom 
those  resident  in  Birmingham  are  supposed  to  employ 
fi-om  300  to  400  persons,  in  addition  to  those 
their  own  premises.     The  principal  advantages  of  the 
electro-plated  goods  are  that  they  are  manufactured 
in  the  same  manner  as  silver,  the  ornamental  parti 
being  chased  in  solid  metal,  and  that,  where  joints 
are  necessary,  none  but  hard  solder  is  used  ;  that  the 
base  is  coiii]i(iscd  of  a  pui-ified  white  nickel  metal,  of 
great   dural)ilily,  and  of    the   same  colour   as  t' 
exterior;  that  tlie  union  of  the  surface  and  base 
perfect,  forming  one  body;  that  the  plating  on  t 
more  prominent  parts  is,  from  the  nature  of  the 
process,  stronger  than  on  those  parts  less  exposed 
to  wear;   that  every  description  of  style,  liowevc 
elaborate,  and  whether  embossed  or  engraved,  ca 
be  plated  with  the  same  facility  as  a  plain  surface ; 
that  with  moderate  care  these  goods  will  last  fri 
ten  to  twenty  years,  and  that  they  can  be  rcplated  wh 


injured  or  worn  (which,  under  the  old  processes,  could 
not  he  done),  at  a  comparatively  trifling  expense. 

The  show-rooms  of  Messrs.  Elkington  and  Mason 
contain  specimens  not  only  of  electro-plated  articles, 
such  as  epergncs,  candlesticks,  candelabra,  vases,  and 
countless  other  objects  of  domestic  use  and  adorn- 
it,  of  modern  and  of  antique  art,  but  of  new  adap- 
tations of  the  electro-process  to  the  service  of  the 

ces.  They  exhibit  beautiful  specimens  of  the 
vegetation  or  growth  of  copper  by  electrical  agency 

Dn  coated  with  zinc  or  copper;  of  flowers  and 
shrubs,  with  all  their  delicate  anatomy  and  tracery, 
coated  with  metal,  and  thereby  rendered  imperishable; 
and  of  birds  and  insects  coated  and  preserved  by  the 
same  wonderful  but  simple  means.  Leaves  and 
flowers  of  gold  and  silver  are  thus  manufactured, 
nature  being  made  to  form  the  basis  of  art  in  a 
manner  hitherto  unbiown.  Flowers  and  shrubs, 
insects,  and  other  natural  objects  which  it  is  wished 
to  preserve,  are  coated  with  zuic,  copper,  silver,  or 
gold.  Wliere  the  coating  is  of  the  less  valuable 
metals,  it  may  be  painted  of  the  coloiu'  of  nature ; 
and  the  specimens  by  this  means  may  be  preserved 
for  centuries.  So  delicate  is  the  operation  of  the 
electric  current  that  even  a  spider's  web  may  be 
plated  with  gold  or  silver. 

"  The  workmen  employed  in  this  beautiful  manu- 
facture are,  as  might  be  expected,  of  a  superior  class. 
It  was  remarked  by  an  intelligent  manufacturer  in 
another  branch  of  trade,  that  he  always  found  men 
who  worked  by  mere  manual  labom-,  and  w4th  ordinary 
tools,  inferior  to  those  who  made  use  of  steam  power. 
The  complicated  machinery  and  the  regularity  of 
steam  power  tended,  he  thought,  to  make  the  men 
regular  as  well  as  intelligent.  The  electro-process 
seems  to  have  exercised  a^simUar,  if  not  a  higher, 
influence  upon  the  character  of  the  workpeople. 
Erom  an  examination  of  the  time-book  of  Messrs.- 
Elkington,  it  appears  that  out  of  the  500  persons  in 
their  employ,  not  two,  on  the  average,  were  absent 
on  any  Monday,  or  on  any  pai-t  of  a  Monday,  duiing 
the  year— a  fact  very  remarkable  in  Birmingham, 
where  the  working  classes  make  it  a  constant  practice 
to  neglect  their  work  on  that  day,  and  where  it  is  a 
common  complaint  among  employers,  especially  when 
trade  is  brisk,  that  men  sacrifice  not  only  the  Monday, 
but  too  often  a  portion  of  the  Tuesday,  to  drinking 
and  idleness.  Ten  years  ago  the  platers  arc  repre- 
sented as  havuig  been  '  a  rough  set,'  but  those  em- 
ployed in  the  superior  branches  necessary  for  the 
finer  beauty  of  the  electro-process,  bear  the  highest 
character,  not  only  for  regularity  and  sobriety,  but 
for  their  provident  economy.  Great  numbers  of 
them  save  money.  They  have  no  union  of  the  trade, 
but  they  have  founded  a  sick  and  burial  club,  and 
have  it  in  contemplation,  in  conjunction  with  their 
employers,  to  estabUsh  a  school  for  their  cliildren  and 
for  the  boys  engaged  in  the  manufacture,  and  a  library 
and  readhig  room  for  themselves.  It  is  to  be  hoped 
that  no  circumstances  will  arise  to  prevent  the  realiza- 
tion of  a  design  in  every  respect  so  praiseworthy."  ' 
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ao  less  than  4,7641bs.,  or  more  than  two  tons,  to 
separate  the  contact. 

It  may  be  interesting  to  give  the  practicnl  details 
of  one  of  these  electro-motive  machines.  Without  in 
the  slightest  degree  intending  to  nudervalue  the 
merits  of  other  machines,  we  select  one,  the  inven- 
tion of  M.  Eroment,  that  has  excited  a  good  deal  of 
attention  in  Paris.  In  this  machine  four  hollow 
cylinders,  two  of  wliich  are  seen  at  a,  b.  Fig.  S3S, 
are  surrounded  by  a  great  length  of  wire,  covered 
with  silk,  for  the  purpose  of  conveying  the  electric 
current.  Solid  cylinders  of  soft  iron  c  d  enter  with- 
out friction  into  the  hollow  cylinders.  The  cylinders 
c,  Eig.  S3S,  and  c  c,  Eig.  839,  are  united  at  their 
ujiper  part  by  a  transverse  piece,  also  of  soft  iron : 
these  cylinders  are  suspended  at  the  extremity  e  of 
the  beam  E  F  G  and  the  cylinders  d  are  also  sus- 
pended from  the  point  G.  Motion  is  communicated 
to  the  pieces  c  d,  by  the  action  of  the  electricity, 
by  which  means  the  beam  is  made  to  oscillate  on  the 
point  F  in  the  manner  about  to  be  explained.  This 
beam  is  produced  as  far  as  h,  where  it  is  hinged  to  a 
coimecting  rod  n  k,  the  lower  extremity  of  which  is 
attached  to  a  crank  k  l.  The  oscillation  of  the  beam 
thus  produces  the  rotation  of  the  crank,  which  is 
regulated  by  the  fly-wheel. 

In  order  to  understand  how  it  is  that  the  electricity 
gives  motion  to  the  pieces  c  d  we  must  refer  to  the 
upper  p.art  of  Eig.  839,  in  which  are  represented  the 
iron  cylinders  c  c  inserted  within  the  hollow  cylinders 
A  A,  about  half-way  down.  Two  other  ii'on  cylinders 
c'  c'  occupy  the  lower  half  of  the  hollow  cylinders,  and 
are  connected  together  by  an  iron  pin  passing  below 
them.  Thus  we  have  two  distinct  horse-shoe  arrange- 
ments, c  c  and  c'  c',  botli  placed  in  such  a  manner  as 
to  become  powerfully  magnetized  when  the  voltaic 
current  is  allowed  to  circulate  round  the  cylinders  A. 
The  two  magnets  formed  in  this  way  have  the  poles 
of  opposite  names  opposed  to  each  other,  so  that  they 
attract  each  other,  and  tend  to  unite;  but  as  the 
magnet  o'  c'  is  fixed,  the  magnet  c  c  is  set  in  motion, 
thereby  puUing  down  the  extremity  e  of  the  beam. 
No  sooner  is  this  done  than  the  voltaic  current  ceases 
to  circidate  round  the  cylinders  A,  and  consequently 
the  bars  c  c,  c'  c',  becomiug  demagnetized,  cease  to 
attract.  At  the  same  moment  tlic  current  is  made  to 
pass  round  the  cylinders  b  ;  the  bars  d,  becoming 
raagTictic,  are  attracted  down  thereby,  also  lowering 
the  extremity  g  of  the  beam.     Having  produced  this 
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slide  a  a.  This  slide  is  formed  of  a  small  plate  of 
ivory,  and  is  covered  in  a  portion  of  its  length  with 
a  metallio  stri])  h.  A  copper  wire  c  is  bent  so  as  to 
press  constantly  with  its  point  upon  this  metallic 
strip,  notwithstanding  the  reciprocating  motion  which 
it  receives  from  the  eccentric  l.  This  wire  commu- 
nicates with  one  of  the  poles  of  the  voltaic  battery  by 
means  of  the  eonductuig  wire  d,  which  enters  at  o  into 


from  the  cylinders  a,  the  other  with  the  wire  /),  which 
proceeds  from  the  cylinders  b.  The  reciprocating  mo- 
tion of  the  slide  a  a  brings  the  plate  h  alternately  under 
the  wires  e  and  /,  so  that  1  he  wire  c  is  put  in  communi- 
cation at  one  moment  with  the  wire  g,  and  at  another 
with  the  wire  h,  by  means  of  the  metallic  plate  b.  AH 
tins  will  be  better  understood  by  referring  to  the 
lower  ]iart  of  Eig.  839,  which  is  a  horizontal  section  of 
this  portion  of  the  machine.  Here  we  see  that  the 
electric  current  proceeding  from  one  of  the  poles  of 
the  battery  along  the  wire  p  completes  its  circuit  by 
I  passing  over  to  the  wire  d,  and  in  doing  so  it  can  fol- 
low one  of  two  different  roads,  according  to  the  posi- 
tion of  the  slide  a  a.  In  the  position  shown  in  the 
figure  the  cm-rent  passes  from  p  to?;  then  turns 
round  .and  ascends  the  first  cylinder  a  ;  passes  by  the 
wire  11  to  the  second  cylinder  A,  round  which  it  circu- 
lates in  descending,  and  it  quits  this  second  cylinder 
by  the  wire^,  and  proceeds  fiom  c  to  c  by  means  of 
the  metallic  plate  b  ;  lastly,  the  current  returns  to  the 
battery  by  the  ^vire  d.  It  will  be  seen  in  this  case 
that  the  course  of  the  cuiTcnt  round  the  cylinder  b  is 
interrapted,  because  the  portions/c  of  this  path  now 
consist  of  the  nonconducting  ivory.  "Wlien,  how- 
ever, by  the  rotation  of  the  axis  the  eccentric  brings 
the  metallic  plate  b  in  contact  with  the  we/  the 
electricity  circulates  round  the  cylinders  B,  and  does 
not  pass  round  the  cylinders  a. 

The  most  powerful  engine  of  this  kind  yet  made 
has  been  equal  to  one  horse.  The  inventor  uses 
these  electro-motive  machines  to  give  motion  to  divid- 
ing engines  for  graduating  the  limbs  of  circles  for 
measurmg  angles.  The  results  are  said  to  be  very 
satisfactory." 

In  proceeding  to  notice  those  forms  of  apparatus 
which  have  been  contrived  for  supplying  cun'ent  elec- 
tricity without  the  intervention  of  a  voltaic  battery, 
we  must  enter  into  some  scientific  details  which  are 
important  to  be  clearly  understood.  The  voltaic  bat- 
tery is  at  all  times  a  constant  source  of  trouble  and 
expense,  and  it  would  certainly  be  a  great  advantage 
if  it  could  be  superseded  by  a  magneto-electric 
machiue. 

The  intense  degree  of  magneiism  induced  by  dyna- 
mical electricity  (;'.  e.  by  the  motion  of  eleclriciti/)  led 
naturally  to  the  expectation  of  a  converse  action,  viz. 
a  disturbance  of  electricity  by  the  motion  of  magnets  ; 
but  for  many  years  all  attempts  to  exhibit  this  action 
failed,  and  many  intermediate  steps  were  necessary  to 
pave  the  way  for  Earaday's  great  and  long-sought  dis- 
covery of  magneto-electricity. 

The  iirst  of  these  steps  was  the  discovery  of  secoii 
dari/  currents,  or  the  induction  of  one  voltaic  current 
by  another.  If  wires  forming  parts  of  two  distinct 
circuits,  and  completely  insulated  from  each  other,  he 
made  to  mn  parallel  and  very  near  together  for  a  con- 
siderable length,  although  the  steady  flow  of  a  current 
th rough  one  wire  produces  no  effect  on  the  other 
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secoudarj  currents  are  also  mduced  in  the 
with  the  inducing  current,  from  which  they  are  dis- 
tinguishable by  several  characteristics,  but  chiefly  by 
their  greater  intensity  or  power  of  forcing  a  way 
through  imperfect  conductors.  Hence  they  give 
sparks  and  very  intense  shocks  in  cases  when  the 
primary  current  could  not  penetrate  the  thinnest 
layer  of  air,  or  affect  the  most  sensitive  nerves. 
Hence  also  arises  the  singular  effect  of  passing  a 
feeble  current  through  a  coil,  i.  e.  a  great  length  of 
wire,  covered  with  silk  or  other  insulating  matter, 
and  then  wound  on  a  reel.  This  imitates,  with  a 
single  voltaic  pair,  some  of  the  effects  of  a  multiple 
battery ;  not,  indeed,  producing  any  augmentation  of 
the  continuous  effects,  such  as  electrolysis  and  the 
heating  of  wires,  but  only  of  those  effects  which  are 
confined  to  the  moment  of  breaking  the  circuit,  such 
as  the  spark  and  shock ;  for  at  that  moment  all  the 
turns  of  the  coil  react  on  each  other,  all  tending  to 
induce  a  current  in  one  direction,  wliioh  carrent 
therefore  resembles  that  set  in  motion  by  a  very 
numerous  series  of  very  small  and  weak  batteries — it 
has  no  greater  quantity  than  if  it  were  induced  by  a 
single  turn  of  the  coil,  but  a  far  greater  momentum, 
or  power  of  overcoming  resistances.' 

The  next  step  was  the  discovery,  that  these  effects 
were  greatly  exalted  by  the  presence  of  an  iron  core 
or  electro-magnet  within  the  coil. 

Faraday  also  found  that  secondary  currents  might 
be  induced  not  only  by  the  sudden  commencement  or 
stoppage  of  the  primary  current,  but  by  the  sudden 
approach  to  or  removal  from  each  other  of  two  wires, 
in  one  of  which  a  continuous  current  is  flowing.  The 
approach  of  the  inducing  wire  induces  a  current  in 
the  contrary  direction ;  its  removal,  a  current  in  the 

Now  putting  together  all  these  facts,  and  bearing 
in  mind  that  a  iiiaguet  acts  in  aU  respects  like  a 
cylinder  or  bar,  in  which  currents  are  constantly  cir- 
culating round  the  axis  in  one  direction,  it  will  be 
seen  that  there  are  two  modes  of  proceeding,  by  which 
we  may  expect  to  make  it  induce  momentary  currents  in 
a  surrounding  cylinder  or  helix;  1.  by  suddenly  de- 
magnetizing or  remagnctizing  it,  or  sfiU  more  forcibly 
by  changing  its  poles ;  2.  by  suddenly  withdi'awing 
it  from  the  heHx,  or  reinserting  it.  This  latter  is  the 
easier  experiment,  and  afforaed  the  first  instance  of 
an  electric  current  excited  by  the  magnet  aione,  but 

(1)  Of  all  foms  of  electricity,  these  secondary  currents  are 


then  the  cun-ent  was  too  weak  to  be  recognised  by 
any  other  than  its  magnetic  effects  on  a  galvanometer, 
so  that,  to  avoid  all  appearance  of  reasoning  in  a 
cii'cle,  it  became  very  desirable  to  exhibit  this  new 
property  of  the  magnet,  not  merely  as  magnetism, 
but  as  electricity. 

In  trymg  the  other  experiment  (1)  the  destruc 


•al  of  polarity 
electricity,  thus : — 
On  a  ling  of  soft 
iron,  were  coiled  two 
lengths  of  insulated 
wire,  iu  such  a  way 
that  each  coil  occu- 
pied its  own  separate 
half  of  the  ring.  Fig. 
S-10.    Now,  by  send- 


.mpUshed  by 


a  voltaii 


through  one  of  these 
coUs,  as  A,  the  whole  ^'>-  ""• 

ring  could  be  polarized,  not  so  as  to  exhibit  mag- 
netism, but  to  form  a  closed  magnetic  circuit,  like 


at  of  a  horse-shoe  ii 
By  stopping  o: 


the  ri 


is  of  e 


s  armature  c 
lie  polarity  of 
nscd.     Now, 


at  every  such  chaiiijr  ,      i  un-ent  flowed 

through  the  other  cml  r.,  iliii',^!i  :>iilirr  connected 
with  the  battery,  nor  so  situated  as  to  have  secondary 
currents  induced  in  it  by  the  coU  a. 

The  same  effects  are  produced  if  the  ring  consists 
of  two  halves,  and  without  interrupting  the  primary 
current  or  demagnetizing  a,  whose  magnetism  is  in 
this  case  manifest,  we  simply  detach  it  from  B,  or 
replace  it.  It  only  remains  then  to  dispense  with  the 
battery,  and  to  polarize  and  depolarize  the  iron  b  by 
magnetic  induction  alone.  Thus,  suppose  A  with  its 
eoil  to  be  removed,  and  its  place  supplied  by  a  per- 
manent steel  magnet ;  by  alternately  removing  and 
replacing  it,  the  soft  iron  semicircle  b  will,  at  each 
change  iu  its  state,  induce  a  momentary  current 
through  the  surrounding  coil ;  and  the  same  effects 
wUl  be  doubled  if  we  tm-n  the  magnet  round  on  the 
dotted  line  as  an  axis,  so  as  to  present  alternately 
different  poles,  and  thus  constantly  reverse  those  of 
the  soft  iron. 

These  effects  are  stiU  further  exalted  by  alternately 
interrupting  the  circuit  of  the  coil  b,  precisely  at  the 
moments  when  the  iron  is  depolarized,  so  as  to  take 
advantage  of  the  secondary  current.  These  breaks 
are  easily  effected  by  a  little  wheel  fixed  on  the  same 
axis  as  the  magnet,  or  the  armature  b,  for  it  matters 
not  which  is  made  to  revolve,  and  by  nicely  timing 
these  motions,  the  spark,  the  shock,  and  all  the  other 
effects  of  electricity  are  produced,  and  the  contrivance 
constitutes  a  magneto-ekctric  machine,  one  form  of 
which  (Saxtou's)  is  shomi  in  Fig.  841. 

A  A  is  the  magnetic  battei-y  composed  of  several 
tlnn  layers  of  steel,  which  being  separately  magnetized 
to  saturation,  give  a  much  greater  power  than  a  solid 
horse-shoe  of  the  same  thickness,  b  b  is  the  middle 
portion  of  the  armature,  whose  ends  are  turned  at 
right  angles  towards  those  of  the  magnet  (which  they 
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nearly  touch),  and  are  covered  with  two  coils  contain- 
ing together  from  50  to  SOO  yards  of  insulated  wire. 
One  end  of  this  wire  communicates  with  the  axle  dd 
on  which  the  armature  is  fiied,  and  which  is  rapidly 
tui-ned  by  the  band  passing  over  the  wheel  e.  The 
other  end  of  the  wire  is  connected  with  the  hollow 
cylindery  which  suiTounds  the  axle,  but  is  insulated 
from  it.  A  spring  y  constantly  presses  against  this 
cylinder,  and  communicates  with  the  plate  h,  which 
is  one  of  the  electric  poles  of  the  machine.   The  other 


pole,  k,  (insul.ated  from  h,)  communicates  by  the  pillar 
/  and  spring  m  with  the  little  wheel  d,  called  the  break, 
the  circumference  of  which  is  partly  of  metal  and 
partly  of  wood  or  ivory,'  so  as  to  interrupt  and  renew, 
twice  in  each  revolution,  the  metallic  connexion  be- 
tvveen  m  and  the  axle.  At  every  such  interruption, 
(which  ocoui-s  when  the  armatui-c  has  just  left  the 
poles  of  the  magnet,)  a  brilliant  spark  appears,  pro- 
vided the  circuit  be  completed  by  joining  h  and  k. 
This  connexion  may  be  made  through  the  human  body, 
or  any  apparatus  by  wliich  the  other  effects  of  the 
current  may  be  shown.  These  effects  perfectly  re- 
semble those  of  tlie  secondary  voltaic  cuiTcnt,  and  like 
theui,  seem  to  hold  an  intermediate  place  between 
those  of  tensional  and  of  current  electricity.  Hence 
this  machine  is  pccidiarly  instructive  as  supplying  a 
link,  which  might  otherwise  seem  wanting,  between 
the  common  electrical  machine  and  the  voltaic  battery, 
for  it  exhiljits  the  chief  properties  of  both,  though  in 
a  degree  far  inferior  to  cither.^  This  will  be  under- 
stood by  remembering  that  in  tensional  electricity 
the  statical  effects,  or  those  of  the  charf/e,  are  conti- 
nuous, and  the  dynamical,  or  those  of  the  discharge, 
last  only  for  an  instant ;  while  in  voltaic  batteries,  on 
the  contrary,  the  latter  are  continuous,  and  the  former, 
if  observable  at  all,  are  only  momentary,  viz.  at  the 
moment  of  breakuig  the  circuit.    But  in  the  magnetic 


machine  both  the  charge  and  discharge  are  only 
momentary,  or  of  too  short  duration  to  be  sensible, 
were  it  not  for  their  rapid  repetition.  By  turning  the 
machine  rapidly,  wires  may  be  kept  at  a  red-heat, 
because  they  have  not  tune  to  cool  between  the  suc- 
cessive discharges.'  As  the  current  is  reciprocating, 
it  follows  of  coirrse  that  in  decomposing  water  by  it, 
the  gases  are  not  separated,  but  a  mixture  of  both  is 
obtained  from  each  pole  alike.  Hence,  when  the 
elements  of  an  electrolyte  are  required  separately, 
another  form  of  break  is  employed  by  which  every 
alternate  spark  is  omitted,  and  tlie  available  power 
of  the  machine  is  reduced  one-half.  Yet  such  ma- 
chines are  found  to  furnish  on  a  large  scale  a  cheap 
supply  of  electricity  for  electro-plating  and  gilding, 
and  their  use  for  these  purposes  has  been  patented.'' 
By  combining  several  machines  having  all  their  arma- 
tures and  breaks  fixed  on  the  same  axis,  but  in  diffe- 
rent positions,  an  almost  continuous  current  is  kept  up. 
It  will  be  observed  that  the  effects  of  this  machine 
are,  strictly  speaking,  not  due  so  much  to  the  current 
induced  directly  by  the  magnet,  as  to  the  secondary 
current  derived  therefrom.  But  by  other  arrange- 
ments the  primary  magneto-current  may  be  made  sen- 
sible as  a  continuous  current  of  extremely  low  tension. 
In  fact,  it  has  been  established  by  Earaday  that  in 
general  neither  a  magnet,  nor  any  conducting  body 
within  its  influence,  can  be  moved  without  generating 
currents  in  one  or  both  of  them,  provided  a  channel 
be  open  for  their  circulation;  but  they  can  only  be 
detected  by  the  galvanoseope.  Their  directions  are 
always  across  the  line  of  motion,  and  can  be  deter- 
mined on  the  principles  already  explained.  The  magnet 
may  be  regarded  as  a  natural  machine  which  by  some 
unknown  mechanism  converts  inechanical  into  electri- 
cal motion,  and  vice  versa,  and  this  in  the  pecidiar 
'  converts  one  mechanical  motion  into 


motion  along  that 

seen  that  the 

drawal  from,  a  heli 

rents  round  that  ci 

producing  rolatory 

is  true ;  for  the  rotation  of  a  magnet  on  its  axis,  oi 


on  an  axis  into  progressive 
i,  and  vice  versa.   Thus  we  have 

of  a  magnet  into,  or  its  with- 
er other  cylinder  generates  cur- 
nder ; — longitudinal  motion  thus 
irrents ;  and  the  converse  of  this 


I,  the  gold-leaf 
:  to  no  higlier 
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other  conductors  round  it,  induces  both  in  magnet 
and  conductors  longitudinal  currents,  wliich,  if  i 
ductor  be  supplied  for  their  retm-n,  flow  from  tlie 
centre  of  the  magnet  to  its  ends,  or  else  from  ' 
to  its  centre,  according  as  the  rotation  is  to  the  right 
or  to  the  left.  This  is  simply  tlie  reverse  of  that 
electro-magnetic  experiment  in  which  a  metal  cap  or 
wire  cage,  poised  on  the  top  of  an  upright  magnet,  is 
made  to  revolve  by  a  voltaic  cm-rent  passing  up  or 
down  it.  Instead  of  producing  the  rotation  by  a 
current,  we  may  produce  a  current  by  the  rotation ; 
hut  this  current  will  be  in  the  contrary  direction  to 
that  which  would  produce  the  same  rotation.     So 

also,    aU    the    common     ,  I^  rl  ;M-,:i;r,,„  iir     ,••.,;„•,  immi   , 

may  be  reversed  and  In  ,,,,,:,,,, 

by  substituting  a  gah:;, 
a  making  tlu 


fon 


Thus  Sax 


,/l{itclli(V 


this  Ught  as  an 
■-■v  revolving  magnet,'  Eig.  81i,  and  thr 
first  magiieto-elcetrie  cui'rcuts  dctccUd 
by  Paraday  were  those  flowing  along 
the  radii  of  a  copper  disk  revolving 
between  the  poles  of  a  horse-shoe  mag- 
net, being  an  exact  inversion  of  the 
revolving  star  experiment. 

In  all  these  cases  the  current  induced 
by  any  motion  is  iihva\-.s  such  as  wcmlil 

tend   to   produce    (llr    r-nlri;-.    \■.^>,'^•^\^   ■ 

Hence  it  is  evidcin     l  ,•   .  ,.  ,  ,        ' 
tending  to  induce  magneto-eleclnr  ,  ,  .,,  :     .        ;  ,  . 
a  certain  meehanieal resistance apaii  iiuiu  uiu  i.oiiiinnii 
resistances  of  friction,  air,  &e.,  and  proportional  lo 
the  quantity  of  electricity  disturbed.     In   Saxton's 


machine  this  resistance  is  at  once  referred  to  the  mere 
attraction  of  the  magnet  for  the  armature ;  but  in  fact 
all  magnetic  attraction  is  only  a  particular  form  of 
this  resistance.  It  often  assumes  other  forms,  some 
of  which  were  observed  by  Arago  before  the  discovery 
of  magneto-electricity.  He  found  that  oseillating 
magnets  were  brought  to  rest  sooner  in  the  neigh- 
bourhood of  masses  of  copper  or  otlier  electrical  con- 
ductors, than  in  their  absence ;  and  that  if  both  the 
magnet  and  the  copper  were  free  to  move,  any  motion 
of  either  of  them  dragged  the  other  after  it,  though 
aU  efi'ect  of  the  air  was  excluded  by  interposing  plates 
of  glass.     Magnets  and  copper  discs  of  many  pounds 

'          '.  I  I..  -:i    >'l  between  the 

"1                     ,    :  ,  .     i  ,1 ,  and  spinning 

^.   .             .     ■  ,          :     ■  '      :    .,h1,  isi»sf,n/ly 

.    ■:     ,    .  .  ■      '  .  Ill  that  amass 

■  :     ■   ^       ,   .,   '       '       I    .       .  •        .rnmmonto  aU 

L        •''■..'.',   I  ■  '.'':>:,  ,    .   ,   !  , ;,     ,  1    drstitute  they 

111.;;,  Ij,' I,;  ,'              :    |.-i    1 1 \  .,u  c.ilcil,  J.  e.  of  action 


r  still  better,  a  solid  mass  of 
e  form,  surroimding  the  needle,  as 


form  of  compass  has  been  contrived  by  Sir  W.  Sno^7 
Harris  on  this  principle. 

Even  the  currents  induced  by  the  earth's  magnctisni 
may  be  rendered  sensible  thus.     If  a  helix,  the  ends 

I  of  which  are  comiected  with  a  galvanoseope,  be  placed 
with  its  axis  in  the  position  of  the  dipping  needle,  the 

;  sudden  insertion  or  removal  of  a  core  of  common  iron 
will  cause  momentary  eui'i-euts  to  circulate  through 
the  helix,  because  the  iron  In  r  i.m  :.  ;t  m,!  mm  i  the 
moment  it  is  placed  in  this  pi  iMi  i  In  -  i  iVnls 
will  ensue  if  without  romoviii.j- 1 1  .  ,1.  !„„il,l 
be  of  very  soft  iron,  we  tuni  K.iili  m  ami  I'lr  lulix 
(which  must  be  connected  with  the  galvanoseope  by 

'  flexible  wires)  end  for  end,  for  by  this  action  the  poles 
of  the  soft  iron  are  reversed.  Here,  however,  the 
earth  only  acts  mediately  through  the  h-ou,  and  is  not 
shown  to  induce  electricity,  but  only  magnetism ;  but 

■  the  last  experiment  will  succeed,  although  in  an  infe- 
rior degree,  with  an  empty  helix,  thus  proving  the 
direct  action  of  the  earth  in  inducing  currents,  just 

■  like  any  other  magnet. 

Again,  if  a  disc  of  copper  be  made  to  revolve  hori- 
zontally over  a  magnetic  pole,  currents  will  tend  to 
flow  either  from  the  centre  of  the  disc  to  its  edges  or 


582 


ELEM-ELIQUATION-EMBOSSING. 


mce  versa,  according  as  tlie  rotation  is  to  the  right  or 
left,  because  ic  may  be  regarded  as  formiug  part  of 
the  top  of  one  of  the  revolving  caps  so  well  known 
in  electro-magnetic  experiments.  To  detect  these 
currents,  one  wii'c  of  the  galvanoseope  is  connected 
with  the  axle  of  the  disc,  or  bearings,  and  the  other 
with  a  spring  that  touches  its  edge.  Now,  when 
no  magnet  is  brought  near,  the  rotation  still  causes 
a  current  to  pass,  in  the  same  direction  as  if  there 
were  a  south  pole  presented  below  the  disc :  the  fact 
b{^ing  that  there  is  such  a  pole,  viz.  the  earth's 
north  pole,  wliioli,  we  must  remember,  possesses  the 
same  properties  as  the  south  pole  ot  a  magnet.  As 
this  pole,  however,  is  not  directly  under  the  disc,  the 
latter  should  not,  to  produce  the  maximum  effect,  be 
quite  horizontal,  but  dipping  about  20°  towards  the 
south,  so  as  to  have  its  axis  parallel  with  the  dipping 

On  these  principles  Electro-tellunc  machines  have 
been  constructed,  for  producing  without  magnets 
most  of  the  effects  of  Saxton's  machine,  but  in  a 
lower  degree.     [See  Appendix.] 

ELEMI.  A  concrete  resinous  exudation,  of  which 
there  are  several  varieties.  The  Gum  Elemi  of  com- 
merce is  said  to  be  furnislied  by  Amijris  hexandra 
of  the  West  Indies.  It  is  also  said  to  be  furnished 
by  the  Canariam  bahamiferuni  of  Ceylon,  and  by  the 
Icica  icicariba  of  the  Brazils.  It  is  imported  in 
cylindrical  cakes,  covered  with  palm  leaves ;  but,  as 
it  is  scarce  and  costly,  it  is  sometimes  adulterated 
with  common  fir-tree  resin.  Its  chief  use  is  to  form 
pastilles,  or  to  bum  as  incense :  it  has  been  recom- 
mended as  a'l  iii.;ii  ii  ii;  lu  ointments,  and  also  in 
some   kill!  I'resh   elemi  is   -soft   and 

viscid,  liii!  I         I  ;;1  brittle  by  cold  and  by 

age;  it  i'._\<  i'  .,  i  i,..i-,.aviit,  and  of  apeouliar  odour, 
somewhat  rcsiinbling  feiiucl :  it  yields  a  volatile  oil 
when  distilled  with  water.  It  contains  about  60 
parts  of  an  acid  resin,  soluble  in  cold  alcohol,  and 
20  parts  per  cent,  of  an  indifferent  crystaUizable 
resin  soluble  in  hot  alcohol.  The  composition  of  the 
former  is  Cio  H32  0<,  of  the  latter  C,„  H33  0. 

ELIQUATION.  An  old  method  of  reducing  ores 
of  silver,  now  seldom  resorted  to.  It  consisted  in 
fusing  alloys  of  copper  and  silver  with  lead :  this 
triple  alloy  was  cast  into  roimd  masses,  wliich  were 
set  in  a  furnace  upon  an  inclmed  plane  of  iron,  with 
a  small  channel  grooved  out,  and  heated  red  hot :  the 
lead  melted  out,  and  by  its  attraction  for  silver, 
carried  that  metal  with  it,  and  left  the  copper  in  a 
reddish-black  spongy  mass.     See  Silver — Assaying. 

EMBANKMENT.      See  Deainage  —  Dyke — 

ll.UlWAY. 

EMBOSSING.  The  art  of  producing  raised  figuves 
or  patterns  npon  textile  fabrics,  paper,  leather,  &c., 
has  already  been  brought  under  the  reader's  notice 
in  the  articles  Calendering  and  Bookbinding.  In 
the  present  article  we  propose  to  point  out  a  few 
general  applications  of  the  art. 

In  the  year  1824,  the  Society  of  Arts,  London, 
rewarded  Mr.  J.  Straker  for  a  method  of  producing 
embossed  designs  on  wood.    Raised  figures  on  wood. 


such  as  are  employed  in  picture  frames  and  other 
articles  of  ornamental  cabinet  work,  are  usually  pro- 
duced by  carving,  or  by  casting  the  pattern  in  plaster 
of  Paris  or  other  composition,  and  cementing  or  other- 
wise fixing  it  on  the  surface  of  the  wood.  The 
former  method  is  expensive,  and  the  latter  not  always 
applicable.  Mr.  Straker's  mvention,  which  may  be 
used  either  by  itself  or  in  aid  of  carving,  depends  on 
the  fact,  that  if  a  depression  be  made  by  a  blunt 
instrument  on  the  sui'face  of  wood,  such  depressed 
part  will  again  rise  to  its  original  level  by  subsequent 
immersion  in  water.  The  wood  to  be  ornamented 
having  first  been  worked  out  to  its  proposed  shape, 
is  in  a  state  to  receive  the  di-awing  of  the  pattern; 
this  being  put  in,  a  blunt  steel  tool,  a  burnisher,  or  a 
die  is  to  be  applied  successively  to  all  those  parts  of 
the  pattern  intended  to  be  in  reUef,  and  at  the  same 
time  is  to  be  driven  very  cautiously,  without  break- 
ing the  grain  of  the  wood,  till  the  depth  of  the  de- 
pression is  equal  to  the  subsequent  prominence  of 
the  figures.  The  ground  is  then  to  be  reduced  by 
planmg  or  filing  to  the  level  of  the  depressed  part ; 
after  which,  the  piece  of  wood  beuig  placed  in  water, 
hot  or  cold,  the  parts  previously  depressed  will  rise 
to  their  former  height,  and  will  thus  form  an  em- 
bossed pattern,  which  may  be  finished  by  the  usual 
operations  of  carving.' 

In  1842  Mr.  Baggaly  patented  certain  improve- 
ments in  making  metallic  dies  and  plates  for  emboss- 
ing. The  dies  commonly  used  are  produced  by 
welding  steel  to  the  body  of  a  wrought-iron  block,  and 
afterwards  cutting  or  stamping  the  subject  thereon. 
By  the  new  method,  the  subject  of  the  plate  or  die 
is  produced  from  flat  plates  of  steel,  then  cast  iu 
molten  metal,  and,  lastly,  soldered  to  cast-iron  blocks. 
A  model  of  the  subject  required  to  be  sunk  in  the 
die  being  provided,  a  mould  is  made  therefrom  in 
plaster,  sulphur,  or  other  suitable  material,  and  of 
nearly  the  same  thickness  in  every  part,  the  general 
figure  of  the  back  of  the  mould  nearly  corresponding 
to  that  of  the  face.  From  the  back  of  this  mould  a 
cast-iron  die  or  block  is  obtained  in  the  usual  way  by 
means  of  a  plaster  model,  of  sufficient  substance  to 
bear  the  operation  of  stamping.  Erom  the  face  of 
the  mould  a  model  is  obtained  for  casting  a  sinker 
containing  the  raised  part  of  the  subject  in  iron. 
This  sinker  must  have  a  stud  at  its  back  for  attach- 
ing it  to  the  press  or  stamp  hammer.  The  die- 
block  and  sinker  having  been  adjusted  in  the  press 
or  stamp,  a  plate  of  steel  or  other  suitable  metal 
is  heated  to  redness,  and  placed  upon  the  face 
or  upper  surface  of  the  east-metal  die-block ;  the 
siidcer  is  then  struck  down  upon  the  plate  of  steel, 
which,  after  several  blows  and  repeated  beatings, 
is  broufjht  into  the  form  of  the  die-block  on  the 
under  si-lo,  and  of  tiie  sinker  on  the  upper  side. 
The  steel  plate  is  then  trimmed,  and  hardened  if 
required.  It  is  then  cleaned  at  the  back  and  edges, 
and  timied  over  those  parts.  The  face  of  the  die- 
block  is  also  cleaned  and  tinned,  and  the  plate  is 
then  fixed  by  soft  solder  in  the  die-bloek,  and  pressed 
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whilst  liot,  so  as  to  bring  it  fii-mly  to  its  proper  seat 
or  bed.  Alter  this  fixing  it  is  "  got  up,"  i.e.  worked 
upon  I)y  the  tool,  when  it  is  ready  for  use. 

Instead  of  sinking  the  figure  of  the  dies  out  of 
flat  plates,  the  figures  may  be  produced  in  the  face  of 
tlie  matrix  or  die  by  casting  them  from  molten  steel. 
Or,  instead  of  steel,  castings  of  malleable  iron  or 
Ijrass  and  other  alloys  may  be  substituted. 

Mr.  Schroth  has  a  patent  for  producing  raised 
figures,  or  fac-simile  copies  of  designs  or  patterns  in 
leather  or  other  similar  material,  such  copies  to  be 
applied  to  all  the  purposes  for  whicli  basso-relievo 
ornamental  work  is  employed,  sucli  as  (he  decoration 
of  buildings  and  apartments,  as  medallions,  cornices, 
panels,  rosettes,  picture  frames,  &c.,  and  for  cabinet 
work  and  otlier  articles  of  furniture.  The  blocks  or 
moulds,  which  are  made  of  type  metal  and  of  fusible 
metal,  are  prepared  from  clay  or  plaster  models  of  the 
objects  to  be  copied;  the  leather  is  then  forced  into 
aU  the  counter-suidc  interstices  of  the  mould  in  the 
following  manner :— the  skin  is  first  beaten  in  water 
until  it  beemiics  properly  softened  and  thickened ; 
the  operator  then  takes  it  out  of  the  water,  and  rolls 
and  works  it  with  his  liands,  so  as  to  make  it  sl.iiiik, 


that  is 


the  compression  of  the  sawdust  forces  the  Icalhei 
into  all  the  cavities  of  the  mould.  After  some  lime 
the  mould  may  be  l.'.rn   r.i:f,  -v  '  ,!ricd  by  heat  or 

cavities  in  the  bari,  .■:,  ^  .1  ,|  ligures  must 
be  filled  up  with  |:['  r,  iwj.:  '.  ]iidverized  Cork, 
mixed  with  glue  or  hot  rLbin.  Tlie  face  may  be 
painted,  gilt,  or  silvered,  if  previously  rendered  im- 
pervious by  gum-lac  or  any  suitable  resinous  sub- 

EMBOSSING-PRESS.  Pigs.  844  and  S45  repre- 
sent two  views  of  a  highly  ingenious  and  beautiful 
machine,  designed  and  constructed  by  Mr.  Edwin 
Hill,  for  the  pui-pose  of  impressing  the  medallion 
stamp  upon  the  postage  envelopes.  Several  of  these 
presses  liave  been  in  use  at  Somerset  House  during 
the  last  eleven  years. 

Other  maehiues,  invented  by  Sir  William  Congrevo 
for  stamping  tickets  relative  to  the  post-horse  dulius, 
were,  on  the  introduction  of  the  post-ofiice  enve- 
lopes, used  for  embossing  these  medaUiou  heads,  for 
which  purpose  they  were  modified  by  Mr.  Hill.  lu 
these   machines   the   blow   was   given   by  a   falling 


I  did   1 


width  and  length,  aliri  _.     i: 

then  places  it  in  the  nil  .  .,     ■  ,. 

having  ascertained  lln-r.ri,  jim  ni'  'i,'  .Ic.i^  :.  L- 
proceeds  by  gently  unrolling  the  edges  of  the  skiii, 
and  with  the  ends  of  his  fingers  presses  it  iuto  the 
interstices  of  the  die,  stretching  out  the  leather,  and 
proceeding  gradually  from  the  centre  to  the  edges. 
When  the  principal  cavities  are  filled,  the  leather  is 
pressed  into  the  smaller  ones  by  means  of  a  wooden, 
bone,  or  copper  tool,  similar  to  that  used  in  modelling, 
making  use  also  of  a  brush,  with  which  the  skin  is 
gently  struck.  A  sponge  is  also  pressed  down  for  the 
purpose  of  absorbing  the  water.  When  properly  fUled 
iu,  the  leather  may  be  dried  and  finished  by  heat ; 
the  mould  containing  the  skin  is  to  be  placed  on  a 
chafiiig-disli  until  the  temperature  of  about  10S°  to 
144°  Fahr.  is  attained.  During  the  drying,  papier- 
mache  or  other  suitable  material  is  forced  iuto  the 
deepest  cavities  of  the  skin,  to  prevent  it  from  re- 
ceding from  the  die ;  the  preparing  tool  and  sponge 
must  also  be  used  repeatedly  for  the  same  purpose. 
The  elasticity  of  the  leather  and  its  contraction  in 
drying,  will  allow  it  to  be  drawn  out  of  the  deep  and 
counter-sunk  parts  of  the  mould. 

A  second  method  of  conipressiii''-  ainl  iliv'ni   I    lu 
employing  an  absorbent  substant  <  '  '     . 

well-dried  sawdust,  m  whiih  ca-     :,  '     ,1  1 

the  skin  forced  into  it,  is  placed  i  1 1  1 !  ,  1    , !  ; ,  1     ., 

and  enclosed  in  a  frame  of  wood  or  nictal,  fumitd  of 
side  pieces,  without  top  or  bottom ;  the  top  edges  of 
tlie  frame  being  about  two  or  three  inches  higher 
than  the  mould  when  the  design  is  not  much  in 
relief,  and  from  about  sk  to  twelve  inches  or  more 
wlieu  the  embossing  is  raised  to  a  greater  degree. 
This  frame  being  filled  with  sawdust,  a  plate,  or  fol- 
lower, is  placed  above  the  frame,  of  such  a  size  as  to 
enter  it  freely.     Tlie  screw  „f  the  press  bring  turned. 


.not  the 


lie  oft 


ere  other  ob- 
.  Hill,  thcre- 
lier  precision, 
taincd  by  the 


,nd-scr. 


vpres 


The  diflieultics  to  be  c 
the  whole  operation  of  embossing  and  printing  the 
coloured  -niiiiJ  (  iit:.v'i,  i,\  ihe  machine,  the  ordinary 
planbi'in;.:  :■-  ;i  I.  1'-  .\     '  \  hand;  and,  2.  To  perform 

expense  to  ,,ii  .,,,;,;  >sv  scale;  fur,  the  postage 
stamjis  hr  :  a  !':,■  r.  ':.i-iioii  uf  SO  low 

The  machine  cuusisls  of  a  strong  fly-and-scrcw 
press,  with  an  inking  apparatus,  inclucUng  a  peculiar 
contrivance  for  accelerating  the  rate  of  stamping, 
without  accelerating  the  angular  motion  of  the  fly  and 
screw.  The  envelope  is  placed  under  the  stamp  by 
an  attendant  at  the  precise  moment  when  the  stamp 
is  bemg  inked ;  the  position  of  the  envelope  being 
determined  by  guides,  so  that  the  impression  may  be 
iu  the  same  place  in  aU  the  envelopes.  When  the  die 
descends  and  makes  the  impression,  it  immediately 
ri'ifs  a!:;ain  preparatory  to  another  blow :  a  second 
1  int  removes  tiie  stamped  envelope,  and  the  first 
I  lut  puts  a  blank  envelope  in  its  place.  So 
i.o,:,lly  arc  these  motions  performed,  that  a  blank  en- 
velope is  placed  under  the  die,  stamped,  and  removed, 
si.xty  times  a  minute ;  and  so  dexterous  do  the  two 
attendant  boys  become,  that,  while  feeding  the  press, 
they  are  also  engaged  in  reading  out  of  an  open  book 
placed  in  a  convenient  position  before  them. 
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We  will  now  describe  the  working  parts  of  the 
press.  The  main  spindle  is  driven  by  a  strap,  at  the 
rats  of  one  turn  of  the  iiiachiiie  per  second  ;  each 
turn  producing  an  embossed  medallion  stamp.  From 
the  main  spindle,  motion  is  comniunicated//ra/  to  the 
fly  and  screw,  which  of  course  rise  and  fall  alternately, 
and  secondli/,  to  the  bolt  of  the  press,  at  the  lower 
end  of  which  the  die  is  attached.  In  the  third  place, 
motion  is  communicated  to  a  very  strong  steel  punch 
or  drift,  which,  at  the  moment  when  the  blow  is 
given,  is  interposed  between  the  end  of  the  desccndmg 
screw  and  the  heid  of  the  bolt,  thus  tiinsmitting  the 
force  fiom  the  sciew  to  the  bolt  T\hen  the  inipies 
sioTi  is  compute  1,  tins  pinch  i»  -nithdixnn,  ind  the 
bolt  -isoi  i'     in  (I  1  1   th  t   the  dc  raij  leceive  its 


^JUmgJl.'n'.^LL^^-^-'^ '  "J^  -* 


supply  of  ink.  Fourthly,  motion  is  given  to  the  inking 
apparatus,  which  consists  of  a  ductor,  an  inverted 
iuking-table,  and  a  sliding  frame,  carrying  the  four 
composition  rollers.  The  machine,  when  in  motion, 
can  be  stopped  by  means  of  an  apparatus  so  con- 
structed that  when  pressed  down,  the  principal  cam, 
upon  arriving  at  a  certain  point  of  its  revolution,  is 
at  once  arrested.  It  is  necessary  to  stop  the  machine 
in  one  particular  position,  so  as  to  allow  the  dies  and 
the  inking  apparatus  to  be  readily  got  at. 

The  dilferent  members  of  the  machine  are  shown 
in  Eigs  8il  and  815,  the  views  of  the  same  parts  being 
mdioated  by  the  same  letters  m  both  engiavmgs 
A  A  IS  the  m  an  spmdle,  and  s  the  dm  ing  strap ,  c 
tnc'  ,   a  e  two  ci  u  i  r  iL  at  ea'-h  end  of  the  nnm 


spiudlc,  which,  by  means  of  the  two  straps  d  and  d' , 
passing  over  the  pulleys  e  and  e',  and  attached  to  the 
dram/  which  is  fixed  upon  the  screw  ^7,  turn  the  screw, 
together  with  its  fly  rf,  backwards  and  forwards  alter- 
nately, producing  thereby  its  alternate  rise  and  fall. 
These  two  cranks,  however,  are  not  made  fast  upon  the 
main  spindle,  but  aie  operated  upon,  each  at  its  proper 
time,  by  two  other  cranks  /(  and  //,  fixed  to  the  main 
spindle.  This  provision  of  loose  and  fast  cranks  is 
rendered  necessary  by  the  rebound  of  the  screw  and 
fly  from  the  blow,  which  outruns  the  cranks,  and 
would  break  the  straps  but  for  tliis  precaution.  Upon 
the  main  sDindle  is  a  cam  7,  which  moves  the  lever  k 


backwards  and  forwards,  and,  through  the  horizontal 
bar  /,  the  punch  m  is  also  moved  backwards  and  for- 
ward's, and  thus  interposed  between  the  screw  g,  as  it 
descends,  and  the  bolt  h,  at  the  moment  when  the  blow 
is  n-ivcn  :  "  i«  n  =pf^'ifl  cam  upon  the  main  spindle  aa, 
which   !■    :  '■■"■''  'v  '■  "--"■2-  'iiKl  ih'prcijina:  tlielevers 


,e  Inv 


■nd  0: 


1  wheels, 

for  drivius  the  inkni?  apparatus ;  r'  has  a  crank  pin, 
which,  bv  means  of  the  link  z,  sways  backwards  and 
forwards' the  arm  t,  and  through  that  the  am  t\  lixtd 
upon  the  same  spindle.  This  last  arm  iT,  through  the 
link  n,  draws  backwards  and  forwards  the  inking-frame 
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V,  with  its  four  composition  rollers,  whicli  ink  the  die 
by  running  under  it  when  the  bolt  is  in  its  raised 
position,  as  shown  in  the  figure,  w  is  the  inverted 
ink-distributing  table :  it  is  circidar,  and  is  acted 
upon  by  a  slack  band,  which  tiu'us  it  round  feebly 
whenever  the  iuking-roUers  lose  contact  with  it.  x  is 
the  doctor,  furnished  with  a  roller  which  is  constantly 
turned  round  by  a  baud :  y  is  a  slacking  pidley  fixed 


is  also  a  break  which  '  also  ui 


binds  against  the  main  driving-wheel,  and  a  strong 
tooth,  catching  a  projection  on  that  wheel,  and 
"bringing  the  machine  to  a  dead  stop  always  in  the 
(iaine  position,  i.e.  nearly  in  the  position  shown  in 
Eig.  844. 

Similar  machines  have  lately  been  constmcted  for 
the  use  of  the  Prussian  and  Neapolitan  governments, 
and  for  the  East  India  Company.     These  presses 


n  tlie  u: 


wfacture  of  embossed  wafers. 


EMBROIDERY  is  an  ancient  ait,  as  we  hnd  fini,, 
(lie  mention  made  of  it  both  by  sacied  and  piofam 
writers.  From  a  very  early  period,  people  knew  ho« 
to  embroider  stuffs  and  vaiy  then  colours,  either  by 
means  of  the  needle,  woiknig  into  a  plain  ground 
threads  of  different  colouis,  gold,  or  piecious  stones, 
or  by  introducing  such  threads  into  the  tissue  of  the 
stuff  while  preparing  the  warp.  The  directions  for 
making  the  Tabernacle  and  its  embroidered  curtain 
show  the  knowledge  of  this  art  comnuuiicated  to  the 


Hebrew 


Tlie  Medc 


.  (Exod.  s 


d  B:.l, 


i,  8,  &c.) 


celebrated  for  the  br.uii  .         ■  .  ins  of  their 

apartments.  The  liaiiL,'!!-  \'l:ii'i  .  nrated  their 
palaces  were  wrought  by  the  nccdlr,  which  in  eastern 
nations  is  still  employed  in  embroidered  works. 
Chardin  says  of  the  Persians, — "  Theii-  tailors  cer- 
tamly  excel  ours  in  their  sewing.  Tlicy  make  carpets, 
cusliicns,  veils  for  doors,  and  other  pieces  of  furniture 


\Aork,  which  represents  just  what 
I  s  done  so  neatly,  that  a  man  might 
I  I  -.  «eie  painted  instead  of  being  a 
kind  ( f  ml  lid  M(uk  Look  as  close  as  you  will  the 
joining  cannot  be  seen  "  Tents,  which  are  so  mucn 
used  in  hot  eountnes  among  Nomadic  tribes  or  on 
military  excursions,  have  for  ages  kept  the  skill  of  the 
eastern  embroiderer  in  practice.  The  covering  of  tents 
among  the  Arabs  is  usually  black  goat's-hair,  so  com- 
pactly woven  as  to  be  impervious  to  rain.  In  addition 
to  this,  there  is  usually  an  inner  tent  of  white  woollen 
stuff,  on  which  flowers  are  embroidered.  Curious 
hangings  are  also  hung  over  the  entrances.  A  tent 
of  a  late  king  of  Persia,  which  is  said  to  have  cost 
2,000,000/.,  and  to  have  been  a  load  for  forty  camels, 
"  was  embroidered  with  burnished  gold,  studded  with 
precious  stones  and  diamonds,  interspersed  with 
rubies  and  emeralds  set  with  rows  of  pearls  ;  and 
there  was  pauitcd  thereon  a  specimen  of  every  created 
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tiling,  birds,  c,iiJ  trees,  and  towns,  cities,  seas,  and 
continents,  beasts  and  reptiles." 

Tills  art  was  also  generally  known  among  other 
Asiatic  nations.  Homer  speaks  of  embroidery  as  the 
occupation  of  Helen  and  of  Andromache  ;  he  mentions 
also  the  golden  cincture  of  Calypso,  and  that  of  Cii'ce. 
At  that  period,  (uidess  the  poet's  imagination  has 
rendered  his  description  too  partial,)  embroidery  ap- 
proached painting  in  the  truthfulness  of  its  imitations  : 
in  Ovid's  fable  of  Minerva  and  Ai-achne,  the  art  is 
praised  as  giving  the  touches  of  light  with  a  degree 
of  fidelity  beyond  that  of  painting,  but  which  they 
were  enabled  successfully  to  accomplish  in  wool. 
Many  modern  authors  are,  indeed,  disposed  to  seek 
the  origin  of  painting  among  the  Greeks  in  the  talent 
of  the  Ionian  women  in  tapestry-work.  We  find  even, 
in  the  Memoirs  of  the  Academy  of  Sciences,  an  inter- 
esting dissertation  on  Painting,  in  which  the  author, 
describing  the  numerous  varieties  of  that  art,  makes 
mention  among  them  of  tapestry  worked  with  the 
needle  or  at  the  loom,  and  of  designs  executed  on 
white  silk  and  cotton  chith,  by  employing  various 
dyes  which  penetrate  the  stuff. 

At  the  present  day  the  most  patient  and  laborious 
embroiderers  are  said  to  be  the  Chinese ;  their  regu- 
larity and  neatness  are  very  great,  and  the  extreme 
care  with  which  they  work  preserves  their  shades 
Inight  and  shilling.  The  Indians  also  excel  in  this 
kiiiil  of  \M)rk.  "  They  embroider  with  cotton  on 
]iiii>liii,  but  llii-y  employ  on  gauze,  rushes,  skins  of 
iiiMits,  iKiilb.  and  claws  of  animals,  walnuts  and 
iry  fruits,  aiul,  above  all,  the  feathers  of  birds, 
their  colours  without  harmony  as  with- 
t  is  only  a  species  of  wild  mosaic,  which 
10  plan  and  represents  no  object.  The 
women  of  the  wandering  tribes  of  Persia  weave  those 
rich  carpets,  which  are  called  Turkey  carpets  from 
the  place  of  tlieii'  immediate  importation.     But  this 
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broideries,  and  alsu  I' 
and  wool,  embellisln 
art,  though  not  eiiiin 
oncouragemeiit.  i'mi  > 
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ceU-bratod  for 


i]iosed  of  silk 
ither  beautiful 


III  ii,i::oiis  theMogids 
heir  splendid  embroi- 
deries ;  walls,  couches,  and  even  floors,  were  covered 
with  silk  or  cotton  fabrics,  richly  worked  with  gold,  and 
often,  as  in  ancient  times,  with  gems  inwrought."  ' 

The  poet   Cowper  has  immortalized  Mrs.  Mon- 
tague's feather  hangings.     Various  articles  of  di-ess 
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(.>f   fur,    patiently 

i   of   Senegal   embroider 


I  gold  thread,  and  represent  very  minute  objects  on 
j  morocco  without  varying  the  form  or  fraying  the 
gold.  They  have  a  habit  of  ornamenting  their  em- 
broidery with  pieces  of  money  of  different  nations, 
and  travellers  often  find  in  their  old  garments  valu- 
able and  interesting  coins. 

In  Saxony,  embroidery  is  practised  on  muslin  with 
untwisted  thread,  and  is  very  beautiful.  That  of 
Venice  and  Milan  is  celebrated,  but  costly.  France 
has  also  a  reputation  for  embroidery ;  but  the  Ger- 
mans, especially  those  of  Vienna,  are  said  to  be  most 
successful  in  the  art.  In  England,  as  Mrs.  Stone 
remarks,  the  practice  of  ornamental  needlework  and 
of  embroidery  have  gradually  declined  from  the  days 
of  Elizabeth.  "  The  literary  and  scholastic  pursuits 
which  in  her  day  had  suspended  the  use  of  the  needle 
did  not,  indeed,  contiuue  the  fashion  of  later  times ; 
stQl  the  needle  was  not  resumed,  iior  perhaps  has 
embroidery  and  tapestry  ever,  from  the  days  of  Eliza- 
beth, been  so  much  practised  as  it  is  now." 

Embroidery  at  the  present  day  is  not  merely  a 
female  occupation,  but  a  considerable  branch  of  in- 
dustry, which  occupies  thousands  of  young  persons 
and  children,  and  makes  large  demands  not  only  on  the 
manual  dexterity,  but  on  the  intelligence  of  those  who 
practise  it ;  for  the  work  of  the  embroiderer  requires 
that  he  should  understand  the  nature  of  the  materials 
with  which  he  deals,  their  several  aptitudes  to  take 
certain  dyes,  and  to  bear  certain  processes.  It  re- 
quires also  a  knowledge  of  dra\ving,  and  of  the  proper 
airangement  of  colours,  with  inventive  power  to  pro- 
duce novelties,  and  methods  of  executing  them  in  a 
tasteful  and  economical  manner. 

The  practice  of  tapestry-weaving  with  a  shuttle  was 
originally  done  in  a  standing  posture  ;  the  threads  of 
wool  being  stretched  perpendicularly,  and  not,  as  they 
arc  now,  wound  upon  a  beam  The  warp  was  confined 
by  a  piece  of  wood,  to  which  heavy  weights  were 
attached.  The  Egyptians  were  the  first,  according  to 
Pliny,  who  changed  the  old  and  inconvenient  method, 
and  introduced  the  custom  of  sitting  to  the  work,  as 
is  now  done  by  the  workmen  in  the  royal  manufactiu-e 
of  the  Gobelins,  of  Beauvais,  Aubusson,  &c.  The 
same  author  informs  us  that  when  embroidered  mate- 
rials were  old  and  worn,  the  ancients  were  accustomed 
to  transfer  the  worked  parts  to  a  new  ground,  and 
thus  to  give  them  a  prolonged  existence.  Thus  the 
embroidery  was  cut  out,  following  the  contours  of  the 
original  design,  and  then  applied,  laid  on,  and  sewed 
upon  a  plain  ground  of  a  different  colour.     This  was 


s  skins  of  animals  with 
aU  colours.     The  Turks  and  Georgians  embroider  the 
lightest  gauze   or  crape;   they  use  a  very  delicate 


ipracti, 


r  Ror 


matrons,  and  i^  «  i        i  i     '  1 1 1. race 

when  they  speak  I  I       i'  '  Irrcdor 

bordered  with  a  .'nt  g''  i'  I'liil''.  -V''  'I'l''  .■>ort  of 
trimming  among  tlie  Romans,  frerpieutly  expressed 
the  dignity,  sex,  and  age  of  the  wearer. 

The  practice  of  embroidery  varies  with  the  nature 
of  the  iiii'^'-vril"!  ir.irl-oil  with.  In  embroidering  stuffs 
thewi'il.  '   :       1       :i  stretching-frame.     Muslin 

is  stair'     I,        i   '  -hiiad   out  upon  a  pattern; 

whilf  wm;  l.iii_:  i'f  ll'm>  i>.  it  is  necessary  to  count  the 
tlircads  uf  tlie  unislm   Ijnth  in  the  warp  and  in  the 
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weft.  Tins  makes  (he  work  tedious,  but  it  is  richer 
iu  jjuiuts,  and  susccjMible  of  greater  variety,  than 
when  done  at  the  stietchiiig-franie.  Cloths  too  much 
milled  are  uot  well  adapted  to  tliis  kind  of  omameut. 

In  the  practice  of  embroidery,  the  rreuch  divide 
the  art  into  various  classes.  The  first  class  is  called 
u-kile  embroidery,  because  it  is  executed  on  all  kinds 
of  white  materials,  with  white  cotton,  flat,  milled  or 
twisted;  with  braid,  edguig,  &c.  This  species  of 
embroidery  also  comprehends— /ci/foow  embroidery,  or 
that  which  consists  of  embroidering  and  cutting  out 
the  edge  of  the  material  to  a  cerlaiu  pattern  traced 
on  paper  or  on  the  stuff  itself.  Festoon  embroidery 
is  also  employed  in  the  body  of  the  work  without 
cutting  out.  Chuin-slitch  embroidery,  or  that  which 
traces  the  veins  and  general  shape  of  the  pattern  in 
chain-stitch,  and  fills  up  the  middle  afterwards  in  a 
similar  manner.  Nccdle-work  embroidery,  or  simple 
horizontal  stitches,  each  embracing  as  much  of  the 
material  behind  as  before  the  thread,  and  applicable 
only  to  thin  and  soft  materials,  as  muslin,  cambric, 
&e.  Lace  embroidery  on  tuUe,  blonde,  gauze,  &c., 
manufactui-ed  by  the  aid  of  the  Jacquard  loom. 

Proceeding  from  these  works  in  a  white  material 
to  the  embroidery  in  colours,  there  are  again  many 
kinds.  In  one  of  these  the  figures  are  raised  and 
rounded,  by  cotton  or  velvet,  which  is  placed  under- 
neath to  sustain  them  ;  in  another,  edging  or  lace  is 
laid  upon  the  design,  and  sewn  on  with  thread  of  the 
same  colour  in  various  stitches  ;  in  another,  the  whole 
pattern  is  cut  out  iu  velvet  or  silk,  and  carefully  sewn 
upon  the  material  with  thread  or  silk.  Embroidery 
en  ffiiipitre  is  a  rich  mixture  of  several  kinds  of  em- 
broidery, and  may  be  executed  in  gold,  silver,  feathers, 
pearls,  precious  stones,  &c.  Embroidery  in  flat  tints 
is  when  the  threads  and  other  coloured  materials  are 
simply  put  in  juxtaposition;  shaded  embroidery  is 
when  the  embroiderer  seeks  to  follow  nature  closely, 
or  to  represent  in  its  more  delicate  shadings  the  ob- 
ject, natm-al  or  artificial,  which  is  to  be  imitated. 
Other  names  of  embroidery  are  derived  from  the  im- 
plements employed,  as  crochet,  loom,  or  tambour  em- 
broidery. Under  the  name  of  embroidery  are  also 
comprehended  the  numerous  kinds  of  work  which 
consist  in  forming  flowers  upon  all  kinds  of  tissues, 
with  ribbons  or  with  coloured  gauze. 

The  number  of  stitches  in  embroidery  is  strictly  only 
two ;  the  first  embracmg  the  material  equally  in  height 
and  width,  and  on  both  sides ;  the  second  executed 
either  with  a  crochet  or  a  common  needle,  and  forming 
a  continuous  chain.  Embroidery  on  canvas  is  distin- 
guished from  works  in  velvet,  and  from  the  different 
stitches  for  marking  Imeu,  and  for  making  fancy  ar- 
ticles with  beads,  &c.  Embroidery  on  canvas  is  often 
called  tapestry-work.  The  stitches,  combined  and 
arranged  in  various  manners,  represent  the  desired 
figures,  and  take  differ™'  i-ni.-  "--'.nling  to  the 
countries  wherethcse  c^';  '  '    .■  ''ist  invented. 

Thus,thercis&/V///.s/./       /  /,      ran.EuyUsh- 

■stitch,  GobeUns-Hitch,  and  ni  uiv  oil;,,-. 

Embroidery,  as  practised  iu  Ent^luul,  enmprehends  : 
\.  Embroidery  on  the  stamp,  where  the  figures  are 


squares  to  those 


raised,  and  rounded  by  means  of  cotton  or  parchment 
beueath.  2.  Low  embroidery,  where  the  gold  and 
silver  Ke  low  upon  the  sketch,  and  arc  stitched  with 
silk  of  the  same  colour.  3.  Guimped  embroii.k'ry, 
which  is  performed  either  in  gold  or  silver.  A  sketch 
is  first  made  upon  the  cloth,  then  put  on  cut  vel- 
lum, and  afterwards  sewed  on  the  gold  and  silver 
with  silk  thread ;  and  on  this  kind  of  embroidery  are 
often  added  gold  and  silver  cord,  tinsel,  ami  spangles. 
4.  Embroidery  on  both  sides  of  the  stuff.  5.  i'lain 
embroidery,  which  is  flat  and  even,  without  cords, 
spangles,  or  other  ornaments. 

The  clumruls  of  tapestry-work   are  five;  namely, 


which  the  canvas  is  cuuvcnicutly  stretc 

with  a  large  head  and  a  blunt  point, 

pass  the  coloured  thread  freely  tliroi 

or  meshes  of  the  cm,    ,        A  ,    ;ii,i 

object  to  be  repi.^  ;  ,         ,       , 

constantly  under  (li,'  ,       ,  i    :  r     , 

of  these  designs  au'  ,  iij,::\,  ,!,  j,      i, 

upon  paper  representing  canvas,  so  tlu 

colours  exactly  fill  the  correspondi 

on  which  the  stitches  are  to  be  set.   Others  are  traced 

upon  the  canvas  itself  in  outline,  or  without  coloured 

shadows :  in  this  last  case,  the  embroiderer  works 

according  to  her  taste,  and  according  to  the  nature  of 

the  objects,  in  arranging  the  colound  threads,  aiul  m 

putting  iu  the  liglil--  ;.i,,i    -    ,,;,   ■,        'Xa^,  A-.y  iisclf, 

bought  ready-madr,   -, ,    ,   ,-   ,  !   r    ,   model, 

which  is  imitated  i,,,   i       ,  ■••<••'.   ihe 

in  such  and  such  a  shade  of  the  model,  ajid  the  squares 
of  the  canvas  which  must  receive  them  ;  but  this,  of 
course,  takes  more  time  than  working  from  a  design 
traced  on  the  canvas. 

There  is  also  an  invention  for  taking  pal  terns  from 
lithographic  drawings,  which  serves  the  ]iiu|;osc  of 
embroiderers,  especially  of  such  as  would  imitate  the 
famous  Gobelins  tapestry.  A  sheet  of  thin  paper- 
canvas,  or  paper  on  which  the  meshes  of  canvas  are. 
accurately  represented,  is  applied  to  a  lithographic 
drawing,  and  secured  to  it  with  soft  wax.  The  design 
is  then  copied  through  the  transparent  paper-canvas, 
of  which  the  number  of  squares,  previously  reckoned 
so  as  to  determine  the  dimensions  of  the  design,  shall 
determine  the  number  of  stitches,  and  the  colours 
which  must  be  employed. 

Several  kmds  of  embroidering  frame  are  in  use, 
but  one  of  the  most  easy  to  manage  is  made  with  a 
system  of  iron  hooks  fixed  upon  the  cross  pieces  of 
the  frame,  and  serving  to  stretch  the  canvas  on  the 
two  opposite  sides.  This  sort  of  frame  is  now  but 
little  used,  on  account  of  the  price  of  its  construction. 
The  working  embroiderers  jirefer  the  screw  or  the 
lath  frames,  which  are  sold  at  a  cheaper  rate,  and 
admit  of  more  easy  adjustment.  But  in  the  lath- 
frame  the  material  is  often  stretched  too  much  or  too 
httle,  and  thus  is  inferior  to  the  screw-frame,  in  which 
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have  the  disadvantage  of  ol)Iigiiig  the  embroiderer  to 
sew  the  two  sides  of  the  canvas  upon  the  galloon 
naQed  upon  the  two  rollers,  then  to  roll  up  the  can- 
vas, and  fix  it  to  the  sides  by  means  of  packthread, 
which  is  liable  to  distend  it  too  much,  and  tear  it. 
Improved  frames  have  been  introduced,  in  wliich  the 
canvas  is  secured  by  blunt  points  attached  to  the 
sides,  and  covered  with  a  wooden  bar,  cut  half-round, 
and  having  along  its  length  a  sHt  or  groove  of  a  width 
correipondiug  with  the  points  The  sides  of  the 
fiame  are  seemed  ind  the  cau\as  pioperlv  stietched 


by  meini  of  screws  One  of  these  impro\ed  fiimes 
Is  shown  m  lig   SIu 

EMBROIDERIISG  ]NL\CHINE  As  most  me 
chanical  processes  which  liave  hitherto  been  performed 
,by  hand,  can  be  much  better  accomplished  by  a  ma- 
chine, so  the  refined  art  of  the  embroiderer  has  yielded 
to  the  skiU  of  the  engineer.  In  the  French  Industrial 
Exposition  of  1834,  M.  Hcilmann  of  Mulhousen  exhi- 
bited an  embroidering  machine  which  enables  a  female 
to  embroider  a  design  with  SO  or  140  needles  as  accu- 
rately, and  nearly  as  expeditiously,  as  she  formerly 
could  with  one. 

The  principle  of  this  ingenious  machine  is  as  fol- 
lows : — the  piece  of  cloth  to  be  embroidered  is  sus- 
pended in  a  vertical  position.  The  needles  with  wliich 
the  ornamental  work  is  performed  are  not  like  ordi- 
nary needles,  with  an  eye  at  one  end  and  a  point  at 
the  other,  but  are  fm-nished  with  a  point  at  each  end, 
and  the  eye  in  the  middle,  as  shown  at  v',  Fig.  849 ; 
these  needles  are  held  by  pincers  in  a  frame,  and  the 
piece  of  cloth  which  is  to  be  embroidered  being  sus- 
pended in  a  vertical  position,  the  carnage  containing 
the  needles  is  wheeled  up  to  it ;  all  the  needles  pierce 
it,  and  on  passing  through  a  certain  distance,  are 
seized  on  the  other  side  by  the  pincers  of  a  second 
frame.  On  di-awing  this  frame  away  from  the  fabric, 
it  is  evident  that  the  needles  must  be  completely 
drawn  through,  together  with  the  threads  inserted 
in  them ;   and  on   sending  the  second  frame  up  to 


the  cloth,  the  needles  will  be  passed  through  in  an 
opposite  dii-ection,  and  be  cKpped  and  drawn  through 
by  the  first  frame.  During  these  motions  of  the  two 
frames  backwards  and  forwards,  the  frame  in  which 
the  cloth  is  suspended  is  moved  by  an  attendant  in  a 
regulated  order,  by  means  of  a  lever  attached  to  a 
pantograph  ;  so  that,  as  the  attendant  goes  regularly 
over  the  points  of  a  pattern,  drawn  on  a  large  scale  at 
tlie  side,  the  cloth  is  slightly  shifted  at  each  motion, 
and  the  pattern  is  repeated  thereon,  on  a  small  scale, 
by  the  passage  of  the  needles. 

This  machine  imv  be  described  under  four  heads. 
1  The  structure  of  the  fianie  2  The  anangement 
ot  the  web  3  The  arrangement  of  the  carriages, 
t  The  construction  of  the  pmcers  A  fiont  view  of 
this  machine  is  shown  in  a  separate  steel  engraving. 

1  Tl  c   fi  ame  is  composed  of  cast  iron,  and  is 

T      1    gth  of  the  macluue  depends  upon 

rers  to  be  woiked     The  machine  at 

I     ition  had  130  needles  and  conse- 

fis  arranged  in  two  rows  an  upper 

ai  1  a  b  \  1  n\^     its  length  was  2  J  metres  or  about 

8  feet  4  inches     The  breadth  of  the  frame  must  not 

be  less  than  about  40  inches     It  is  usually  the  same 

in  aU  niachmes  and  determines  the  ler  gth  of  thread 

to  be  put  into  the  needles 

2  The  piece  tobeembioidired 
IS  strained  peipendiculailyupon 
a  rectangular  frame  of  wl  ich 
the  vertical  sides  ff  aie  shown 
in  the  steel  engiaving  anl  the 
hoiizontal  sides  F  r'  The  piece 
to  be  embioideied  is  wound 
upon  two  roUeis  G  G  •nhobc 
ends  mounted  with  iron  studs 
aie  buppoited  upon  the  sidcb 
F  of  the  frame  so  as  to  turn 
freely ;  small  ratchet  wheels  g'  g' 
at  the  ends  of  these  beams  allow 
the  piece  to  be  stretched  between 
them.  (See  Fig.  847.)  There  are 
also  two  central  beams  furnished 
with  ratchet  wheels  g g  at  their 
extremities.  As  it  will  be  seen 
by  Fig.  847  that  the  two  beams 
are  not  in  the  same  vertical 
plane,  the  plane  of  the  web 
would  be  presented  obliquely  to 
the  needles,  were  it  not  for  a 
straight  bar  of  iron  g'  g',  round 
the  edges  of  which  the  cloth 
passes,  and  is  thus  made  vertical. 
Thetwo  upper  rollers  present  the 
web  to  the  upper  row  of  needles, 
and  the  two  lower  rollers  present 
ittothelowerrowof  needles.  The 
piece  is  kept  stretched  crosswise 
by  small  brass  templets,  to  which 
the  strings  y'  are  attached,  and 
by  which  it  is  pulled  towards  the 
sides  of  the  frame  f.  The  panto- 
eraph  for  shifting  the  web  into  all 
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tions  is  arranged  in  the  following  manner : — h  h'fh" 
is  a  i)arallelogram,  the  four  angles  of  which  are  jointed 
in  sucli  a  way  as  to  be  made  very  acute  or  very 
obtuse  at  pleasure,  while  the  sides  remain  of  the  same 
length     the  sides  i  A  and  i  i    aie  piolonged  the  one 

10  tl  e  1  omt  d  and  the  othei  to  tl  e  pomt  c  and  these 
1  ouits  c  and  d  are  chosen  under  the  cui  lition  that  in 
one  of  the  positions  ot  tlie  laialltlog  in  tl  o  hue  cd 
which  joms  them  \  asses  thi0Uj,h  the  point  /  this 
condition  may  be  fultillc  I  m  an  mfiiute  vaucty  of 
ways  since  the  position  of  tl  o  i  lalklo^ian  icn  am 
ing  the  same  it  is  evident  that  it  we  wish  to  shift 
the  point  d  iurthei  fion  the  point  b  it  would  be 
suSicient  to  bung  the  point  c  nearer  to  4     oi  « 

tc  s  t  but  1  iving  once  fixed  upon  the  diitanc 
I  d  \\.\%  oleai  that  the  distance  i  c  is  its  neoessan 
conseq  icuce  Now  the  principle  upon  which  tlie  con 
stiuctionof  thepantogi  qhiestiisthis  it  isi  sufficient 
that  the  thiee  points  /  /  a  id  c  be  m  a  stra  ght  line  m 
one  only  of  the  po'siti  )ns  of  the  parallelogiam  ii  oidei 

11  at  tl  V  si  all  lemam  ilways  m  a  sti  light  h  le  m  eveiy 
10  t  ntl  t  can  be  3 -ten  to  it  If  tie  side  ii  has 
I  ccn  1  a  le  equal  to  the  sixth  pait  ol  be  ff  wiU  also 
he  on  si\th  of  cc  that  is  to  say  the  hues  descubed 
by  the  joint/ will  be  exactly  the  sixth  ]  ait  of  tho 
lesciibed  by  the  pomt  c   [See  Pantograph  ] 

Tie  sile  be  is  furnished  with  a  handle  b  witl 
which  the  woikman  moves  the  suspended  web  iiit 
the  positions  required  In  order  that  this  may  1  l 
lone  with  precision  the  sides  of  the  pantogmh  aic 
joined  so  that  the  middle  ot  then  thickness  lies  exactly 
m  the  veitical  plane  of  tho  web  m  1  that  the  axes  1 
the  joints  aie  truly  peijend  c  ilai  to  this  plane  i 
wlich  consequently  all  the  lisphoements  aie  effeete  1 
This  residt  is  attained  by  i  akmg  fast  to  the  suj  euoi 
gieat  cioss  bar  d  an  elbow  piece  d  with  a  projec 
tiou  to  which  IS  adapted  m  its  tuin  the  \  lece  I  which 
leceives  m  a  socket  the  extiemity  of  the  sile  lb 
th  s  piece  d  is  made  fast  io  d  by  a  bolt  b  it  t 
an  oblong  hole  and  befoie  sci owing  up  tl 
web  is  n  ade  to  advance  oi  icccde  till  tl 
I    u  t  X    II)  into  the  ph  le  of  tl  e      I 

1  1    1  to  the  angle/ ot  the  \      11  I 

1    oep       (See  Eg  S47  ) 

\  take  the  handle  b    m  1  is 

1      I        I       I  1   itogiajh  move  in  any  diiec 

tio  tl  1  t/  11  descube  a  faguie  similar  to  thit 
desci  bed  by  the  pomt  c  but  six  times  smaller  bi  t 
the  point  /  cannot  move  Mithout  the  fiame  and  tl  e 
web  noiitcl  ijon  it  mo\  ug  also  Thus  m  tic 
n  0  e  ut  ul  tl  e  1  ai  to  [1  c  ly  pomt  of  the  w  b 
debctil  >;  a  1  ^uie  e\  clly  1  i  t  a  that  descubed  by 
the  pomt  /■  in  1  coi  seq  lei  tl>  s  dai  to  th  it  described 
by  tl  e  pomtc  but  srx  times  smallci  tl  e  embroideicd 
object  being  pioduced  upon  tl  e  cloth  m  tho  mvcibe 
position  of  that  of  the  pattern  It  is  fheiefore  sufE 
cicnt  to  g  ve  the  man  who  holds  tl  e  Ix  die  b  a 
design  six  tines  laiger  than  that  which  is  to  be  cxe 
cute  1  by  the  machine  and  to  ffoid  hira  a  suie  and 
easy  means  of  tiacmg  over  with  the  i  omt  call  tit 
outl  nes  of  the  pattern  Eoi  tlib  ju  jose  theie  is 
adapted  to  c  peri  endieulaily  to  the  ilane  of  the  \  i 


rallelogram,  a  small  style  terminated  by  a  point ;  the 
pattern  is  fixed  upon  a  vortical  tablet  e,  parallel  to 
the  plane  of  the  stuff  and  of  the  parallelogram,  and 
distant  from  it  only  by  the  length  of  the  style :  this 
tablet  IS  earned  by  the  uon  lod  e  secured  to  a  cast 
iron  foot  1,       lie  1  1  adedwith  its  bean  s  and 


cloth  1 

' 

1st  not  be  alloved  to 
t  be  bghteued  so  as  to 

enible    1 

he  po  nt  of  tl  e  1  auto 

giajhl   1 

1 

1     ^thetibletwitlo  t  a  % 

stiammg  oi 

unceit  1  ly  i 

iitb  movenentb     T     tl 

pu  pose  a  c 

Old  e  attacl  ed  to  the  side  I      1  tl     i   i 

1  n^it  i  In  1  bt  m  1  h  tl  1  ult  i  u  u  „ 
slight  friction  also  sei  ves  as  a  gmde  to  keep  in 
pi  ICC  the  uppei  pait  of  the  fiame  The  lowei  i 
of  the  frame  cauies  two  houzonfal  lols  iin  c 
attiched  by  two  aims  hh  btnt  a  little  u  i  o  le 
both  ofwhoh  aie  engaged  m  the  gioovesul  j  II  > 
(s     (I  1)1  I         11  oFig  8i    )    By 


llic 


•nbee- 


1      I  I  the  puniitive  plane  to 

wl  th  the  1  ai  tugiaj  h  wab  adjusted  The  lengths  of 
the  lods  H  ought  to  be  equal  to  the  amount  of  the 
1  \(^  al     a^ei  cit    ftlefia  T   o  -     Ics        s  p 


I  1  111 

1       c  1     1  lotc    t       11  ,  I       CI  Itvo 

gioo\  ed  oastois  or  pulleys  l  whiol  loU  upon  the  hoii 
zontal  n  Is  k  the  pul  e\s  a  e  n  ounted  i\  on  a  foikc  1 
1         /         I   t  1  1  fthc]    1 


as  to  pass  oi  diaw  the  needles  thiough  tl  e  cloth    Each 
cai  1  ge  lb  usually  moved  by  its  orni  attendant     but 
the  I  an  who  w  oiks  the  pantogi  ]  h  c  m  bj  t  unii  g  tl  e 
handle  n  m  oie  or  othei  diiection  cause  the  ca        e 
toappioachto  or  recede  from  the  web    E  i  tl     ]  i 
pose  a  puUey  J  IS  attached  to  the  ujUohtb   vc      i> 
only  one  of  which  is  si  own  on  the  s  de  a  b     t  I 
omitted  on  the  side  a  c  m  oidei  to  show  tl  c  t     (I    1 
wheel   ;      \t  the  he  ght  of  the  puHeys  j  i    a  i 
m'    beai  ig  towaids  eieh  of  lib    \(        t  II 

wl  eel  )i     tins  axis  is  piolo       1  I 

the  pupose  of  cair\ng  ai  1 
Upon  the  pulley  j  an  I  oi  I 
corresponding  theicto  IS  an  c    II  1 

tl  it  on  tuimng  the  axis  si  in  oi  c  1  ct  luu  the 
cauiage  is  biought  up  to  the  web  and  in  tuni  ng  it 
m  the  other  dneotion  it  is  removed  theiefrom 

'W 1  en  one  can  age  1  as  ad\  meed  so  as  to  pass  tho 
nee  lies  into  the  stuit  the  other  caunge  is  pieseut  to 
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renoire  them ;  it  seizes  the  needles  with  its  pincers, 
pulls  them  through,  and  then  withdraws  in  order  to 
stretch  the  thread  and  close  the  stitch  :  it  then  goes 
back  with  the  needles  and  inserts  them  into  the  web 
in  its  turn.  During  these  movements  the  first  carriage 
remains  at  its  post,  waiting  the  return  of  the  second, 
so  that  the  two  carriages  make  in  succession  an 
advance  and  a  retui-n,  but  they  never  move  together. 
To  produce  these  movements  tliere  is  attached  to  the 
piece  o  made  fast  to  the  two  uprights  a  c  and  a  d  of 
the  frame,  a  bent  lever,  n  o,  movable  round  the  point 
0,  and  carrying  the  toothed  wheels  o'  o";  the  four 
wheels  M  ii'  o'  o",  have  the  same  number  of  teeth, 
and  the  same  diameter;  the  two  wheels  o'o"  are  so 
iked  that  on  turning  the  handle  x  the  wheel  o"  re- 
volves, and  consequently  the  wheel  o ' ;  when  the  lever 
n  o  is  vertical,  the  wheel  o'  touches  neither  the  wheel 
31  nor  the  wheel  m'  ;  but  if  it  be  inclined  to  one  side 
or  the  other,  it  brings  the  wheel  o'  alternately  into 
gear  with  m  or  m'.  As  the  man  has  both  hands 
occupied,  the  one  with  the  pantograph  and  the  other 
with  the  handle  n,  his  feet  are  employed  for  acting  on 
the  lever  n  o,  for  which  purpose  two  pedals  are  pro- 
vided, and  thus  he  performs  with  his  feet  a  series  of 
operations  no  less  delicate  than  those  which  he 
executes  with  his  hands.  The  pedals  p  are  movable 
round  the  axis  p,  and  carry  cords  p'  wound  in  an 
opposite  direction  upon  the  pulleys  p',  which  are 
fixed  upon  a  movable  shaft  p",  supported  upon  one 
side  by  the  prop  e',  and  on  the  other  in  a  piece  k' 
attached  to  the  two  great  uprights  of  the  frame.  On 
depressing  the  pedal,  which  is  shown  raised  in  the 
figure,  the  upper  part  of  the  shaft  p"  will  turn  from 
the  left  to  the  right,  and  the  lever  n  o  -will  become 
inclined  so  as  to  carry  the  wheel  o'  upon  the  wheel 
m';  but,  at  the  same  time,  the  pedal  which  is  now 
depressed  will  be  raised,  because  its  cord  will  be 
wound  upupon  its  pulley  as  much  as  the  other  cord  has 
been  unwound;  and  thus  the  machine  will  be  ready  to 
act  in  the  opposite  direction  when  required  to  do  so. 
4.  At  regular  intervals  of  about  half  a  metre  upon 
the  shaft  L,  are  the  appendages  q  q,  upon  which  ai-e 
fixed  by  two  bolts  tl\e  curved  branches  q,  which  caiTy 
the  mechanism  of  the  pincers,  wliich  will  be  under- 
stood from  the  following  figures,  i.  Fig.  848,  is  the 
lower  jaw  of  one  of  the  pincers 
moimted  on  a  prismatic  bar  s, 
and  fixed  thereto  by  a  screw  t. 
'  Above  this  screw  a  spring  t' 
raise  the  hinder  limb 
of  the  upper  jaw  v  (shown  de- 
tached in  Eig.  S4S)  and  thus 
to  force  the  short  limb  into  contact  with  the  lower 
j;iv.'.  About  the  middle  are  two  small  ears  pierced 
v.'ith  a  hole,  and  separated  from  each  other  by  an 
interval  equal  to  the  thickness  of  the  upper  jaw,  and 
destined  to  receive  the  corresponding  ear  r  of  this 
jaw.  A  little  to  the  right  of  the  ears  is  a  small  ver- 
tical  projection  t",  whose  function  is  to  stop  the 
needle,  if  from  any  cause  it  tends  to  advance  too 
n.ncli.  To  the  right  is  also  a  thin  plate  t',  pierced 
with  a  conical  hole,  larger  outside  than  inside. 


=^^1?^ 
^^$? 


The  lower  jaw  being  in  its  place,  the  upper  jaw  is 
arranged  as  to  make  it  pass  a  pin  traversing  the  three 
cars,  in  order  to  raise  the  pincers.  The  pincer  is  natu- 
rally closed  by  the  operation  of  the  spring  t',  and  it  can- 
not be  opened  except  in  operating  from  above  down- 
wards upon  the  tail  of  the  upper  jaw  t,  with  a  pressure 
capable  of  overcoming  the  elasticity  of  the  spring 

The  needle  is  shown  in  the  steel  engraving,  of  the 
natural  size,  and  also  at  V  Fig.  S49.  It  is  pointed  at 
both  ends,  and  the  eye  is  in  the  middle,  as  already 
stated.  The  silk  thread  is  passed  through  it  as  in  an 
ordinaiy  needle,  but  is  not  doubled ;  the  free  end  of 
the  thread  is  unravelled,  and  then  secured  by  being 
twisted  by  the  action  of  the  finger  and  thumb. 

When  a  pmcer  is  open,  and  one-half  of  the  needle 
is  inserted  into  the  opening  of  the  plate  i',  it  is  then 
lodged  in  an  angular  groove,  which  is  less  deep  than 
the  needle  is  thick,  so  that  when  the  pincers  are 
closed,  the  upper  jaw  presses  it  into  the  groove,  and 
the  needle  is  firmly  held,  although  touched  at  only 
three  points  of  its  circumference. 

Suppose  all  the  pincers  to  be  mounted  at  proper 
distances,  (varying  with  the  kind  of  ornament  on 
different  webs,)  in  the  prism  s,  and  forming  the  upper 
range  as  in  the  steel  engraving,  the  workman  opens 
all  the  pincers  at  once  to  enable  them  to  receive  the 
needles  which  have  been  planted  in  the  web  by  the 
opposite  carriage.  For  this  purpose  an  axis  of  iron 
ti,  a  section  of  which  is  shown  in  the  steel  engrav- 
ing, and  in  section  Fig.  849,  is  supported  by  the 
forks  n,  at  the  extremity  of  the  branches  Q,  and 
held  by  the  pin  u' :  tlie  axis  is  round  in  the  parts 
where  it  rests  in  the  forks,  and  these  are  of  such 
a  weight  that  when  the  flat  portion  of  the  bar  is 
turned  down  it  only  touches  the  tails  of  the  upper 
jaw  V,  Fig.  849,  of  the  pincers,  without  pressing 
them,  and  the  pincers  remain  closed ;  but  when  this 
axis  is  turned  a  little  round  it  presses  on  the  tails  of 
tbe  piucers,  and  opens  them  by  overcoming  the 
elasticity  of  the  springs  t'.  The  axis  u  is  turned 
round  by  means  of  two  toothed  sectors  at  the  end, 
working  in  a  vertical  bar,  also  toothed  and  sliding 
against  the  branch  q. 

The  man  can  also  open  and  shut  the  pincers  by 
operating  with  his  feet  upon  the  pedals  p.  The  axis 
p"  in  the  steel  plate,  set  in  motion  by  these  pedals, 
carries  at  its  extremity  on  the  right  apiece^"  which 
acts  on  the  lever  n  o,  which,  being  toothed  on  two- 
thirds  of  its  ciicumfeienee,  performs  the  office  of  a 
pinion.  This  toothed  portion  engages  a  sector  r  on 
the  extremity  of  an  axis  k,  which  turns  upon  itself, 
and  is  supported  by  projections  r' r'  fixed  to  the 
middle  of  the  lower  horizontal  bars  of  the  frame. 
A  rack  attached  to  this  axis  works  into  the  upright, 
which  is  toothed  at  the  lower  end,  and  this  upright 
acts  upon  the  iron  bar  u  as  already  explained. 

The  threads  get  stretched  in  proportion  as  the 
carriage  is  nm  out,  but  as  this  tension  has  no  elastic 
play,  too  much  force  and  consequent  rupture  is  pre- 
vented by  adajiting  to  the  carriage  a  mechanism,  by 
means  of  wliioh  all  the  threads  are  pressed  at  the 
same  time  by  a  gi-aduated  weight.     A  little  below 
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the  pvismalio  bar  which  carries  the  pincers,  is  a 
shiift  Y,  carried  by  pieces  y  fixed  to  the  arms  q,  in 
wliich  it  can  turn.  At  its  left  it  carries  two  small 
bars,  y'  and  w'.  Fig.  849,  and  at  its  right  a  single  bar 
// ',  and  a  counterweight.  The  ends  of  the  two  bars  y' 
are  joined  by  a  straight  iron  wire.  When  the  carriage 
approaches  the  web,  and  before  the  iron  wii-e  can 
touch  it,  the  small  bar  w  presses  agaiu.st  a  pin  lo , 


which  lests  npon  it  ind  tends  to  raise  it  more  ind 
more;  the  \im%  y '  y '  \'aA  theiioii  wue  iie  lifted  up  it 
the  same  time  ind  take  the  position  shown  in  T  g  S50 
but  when  the  caiinge  setting  out  tiom  this  poMtnn 


is  will  d  jwn  fiom  tht 
sccudmg  on  the  li  u  o 
distance  iiid  tiie  com  i 
and  depiess  the  wiie 
The  p  sition  is  I  hen  ll 

The  Lditor  saw  this  m 
years  ^j  t  Mi  Ho  Jd^\ 
client c  ml  It  isnjw  used 
kiiigdoiii  Ihe  michiue  w 
woman  \i  ho  man  iged  the  pan 


iciui: 


bilk  miU  at  Man 
XLi  d  puts  ol  the 
e  dtd  by    i  young 


who  regulated  the  motions  of  the  carriages.  A  ]iiece 
of  black  velvet  was  being  embroidered  with  flowers. 
Much  care  is  required  in  the  maiiagenieut  of  the 
pantograph.  The  operative  must  not  follow  slidingly 
with  the  point  of  the  style  the  trace  of  the  design 
upon  the  tablet,  but  must  rest  the  iH.iiit  of  the  style 
upon  the  point  of  tlir  |':iMi;ii  ■!  i-  ,■,  Ineh  the  needle 
is  to  be  inserted,  iji    ;  i  I   imt  it  down 

again  upon  the  pin'm  !■  ■/ i  . 'i  ■'■.•  niille  ought  to 
re-enter  in  coming  IVuui  iil  "'liei  'ih  of  the  jiiecc  ; 
and  so  on  in  succession.  To  assist  these  manijiula- 
tions,  the  pattern  in  Ihe  tablet  is  composed  of  right 
Knes  terminated  by  the  points  for  the  entrance  and 
return  of  the  needle,  so  that  the  operative  has  con- 
tinually under  her  eyes  the  series  of  broken  lines 
which  must  be  followed  by  the  pantograph.  If  she 
quit  this  patli  for  an  instant,  without  having  left  a 
mark  of  tlie  point  at  which  she  had  arrived,  she  must 
look  at  the  web  to  see  wliat  lias  been  already  em- 
broidered, and  thus  ascertain  the  point  at  which  she 
must  resume  her  work,  so  as  not  to  leave  a  vacant 
space,  or  repeat  the  same  stitch.' 

EMERALD.  (Italian,  Smeraldo,  from  the  Greek, 
2iiapaa-afiv,  to  shine,  to  be  bright.)  Tliis  precious 
stone,  which  ranks  next  to  the  diamond,  and  is  equal 
to  ouenl  d  lubv  ind  sapphne  is  of  a  beautiful  giceu 
colour  It  occuis  m  pusms  with  i  legulii  hexagonal 
base,  sp  gi  2  7  it  s>eiitches  quaitz  with  dilBculty, 
and  IS  scutched  by  topiz  and  fuses  bcfoie  the  blow 
pipe  into  1  fiothy  bead  Its  in  l>sis  his  been  dif 
feientlv  stated  by  difteieut  chemists  but  it  ipjiears 
to  coiituu  about  14  per  cent  ol  glncim  (wl  eh  is  its 
chaneteiistic  constituent  )  bS  of  silie  I  K  d  dun  im 
ind  a  veiy  small  poition  of  lime  and  uon  it  il  o 
contains  less  tlnn  1  per  cent  of  oxide  ot  cl  i  oi  u  in  1 1 
w  1  ch  it  on  es  its  coloui  The  p  dei  \  uicti  cftlis 
st  u  I  known  undei  the  nimc  of  Beril  the\  ul 
cl  1  1  by  oxide  of  uon  J ;  ii/  riiiue  mchiAe  cl  u 
gieen  oi  pale  bluish  oi  b'      ' 


Tlie  fi 


;  tioi 


■null 


they  occui  in  dolomite  A  ciystil  fiom  this  locality, 
m  the  cabinet  of  the  Duke  of  Devonshue  meisuie« 
m  its  gieatest  di  imeter  2:|ths  inches  neaily  ,  its  lesser 
diameter  birely  2  in  ,  its  third  diimelei  2Jth  in 
the  extieme  length  of  the  prism  is  2  inches  It  con 
tains  several  fliws  and  is  tluief  h  \  utiill\  lit 

foi  jewelleiy ,  it  has  been  v  1      1  I  ) 

guuieis      A  inoie   splend  1 
ounces    belonging  to  Mi    11  |  i      I 

these  specimens  aie  exlubite  1 1  L         i    1  i 

Eneialdb  of  less  beauty  but  ot  \li)  luj,  s  ^^,  utcui 
in  "^ibein  One  specimen  in  the  impeiial  colketion  of 
r  I'll  1  1  I    II       IPiil       dtl 


ol  luge  size  mentioned  in  moit  books  on  miUL 
has  leccntly  been  discoveied  to  be  a  lump  ol  on 
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Evolase  and  clirysoheryl  contain  glucina  as  a  cliarac- 
teristic,  and  belong  to  this  group. 

EMERY,  a  mixed  granular  corundum,  extensively 
used  in  the  arts  for  grinding  and  polishing  metals, 
glass,  &c.  The  -use  of  emery  in  the  arts  is  of  very 
ancient  date,  as  is  proved  by  the  existence  of  -norks 
on  hard  stones,  which  could  not  have  been  executed 
except  by  the  use  of  emery,  or  of  minerahs  of  that 
nature.  It  is  probable  that  some  of  the  locaUties  of 
emery  which  have  recently  been  discovered  were  known 
to  the  ancient  Greeks  and  Romans.  Thus,  the  locality 
of  Gumuch-dagh  is  near  the  ancient  Magnesia,  on 
the  Meander,  and  between  Ephesus  and  Tralles,  twelve 
miles  from  each  of  these  cities,  and  the  same  distance 
Irom  Tyria,  in  all  which  cities  the  arts  flourished, 
especially  the  art  of  cutting  hard  stones,  if  we  may 
judge  from  the  specimens  which  have  been  transmitted 
to  modern  times.  The  quantity  used  was,  however, 
very  smidl  compared  with  what  it  now  is,  especially 
since  plate-glass  has  become  so  common. 

Dui-ing  several  centuries,  down  to  within  the  last 
two  or  tliree  years,  the  island  of  Naxos,  in  the  Grecian 
Arcliipclago,  was  the  only  source  for  the  supply  of 
emery.  This  kind  is  often  known  uuder  the  name  of 
Smi/nia  emery,  from  the  fact  of  its  coming  to  us  from 
that  port.  Its  i)rice  at  the  end  of  the  last  century 
was  from  7/.  to  8/.  lO.s.  per  ton ;  and  between  the 
years  1S20  and  1S35,  even  less  than  this.  About 
this  period,  the  monopoly  of  the  Naxos  emery  was 
purchased  from  the  Greek  government  by  an  English 
merchant,  who  so  regulated  the  quautity  given  to 
commerce,  that  the  price  gradually  rose  from  11.  to 
30/.  per  ton,  a  price  at  which  it  was  sold  iu  1840  and 
1847.  About  this  time,  however,  Dr.  J.  Lawrence 
Smith,  an  American  mineralogist,  beiug  at  Smyrna, 
saw  some  specimens  of  emery  ore  from  a  place  tiventy 
miles  north  of  that  port,  which  had  been  discovered 
through  the  agency  of  a  knife-grinder  of  the  country, 
who  had  been  in  the  habit  of  using  it  to  charge  his 
wheels  with.  The  importance  of  tliis  circumstance 
to  the  Turkis^h  government,  as  well  as  to  the  arts, 
induced  Dr.  Smith,  iu  1847,  to  examine  the  supposed 
locality  of  this  mineral.  An  English  merchant  named 
Healy  also  pointed  out  other  localities  of  the  mineral,  j 
The  first  locality  examined  was  that  of  Gumuch-dagh,  , 
a  mountain  about  twelve  miles  east  of  the  ruins  of 
Ephesus,  and  composed  of  bluish  marble  resting  on 
mica  slate  and  gneiss.  On  the  very  summit  of  the 
mountain  the  emery  was  found  scattered  about,  and 
projecting  above  the  surface  of  the  soil.  In  vras  iu 
great  profusion,  in  angular  fragments  of  a  dark  colour, 
and  iu  large  masses  of  several  tons'  weight.  On  pene- 
trating the  soil,  the  emery  was  found  imbedded  in  ii, 
and  a  little  further  down  it  was  come  to  in  the  rock. 
By  breaking  the  marble  that  projects  above  the  sur- 
face at  this  spot,  nodules  of  the  mineral  were  found. 
In  some  places  the  emery  formed  almost  a  solid  mass, 
several  yards  in  length  and  breadth,  the  spaces  be- 
tween the  blocks  being  tilled  with  an  earth  highly 
charged  with  oxide  of  iron.  In  other  places  the 
masses  were  consolidated  by  carbonate  of  lime  of  in- 
filtration, which  must  not  be  confounded  with  the 


emery  in  its  original  gangue  (the  marble),  in  which  it 
is  found  in  nodules,  sometimes  round,  and  at  olhez 
times  fissured  so  as  to  represent  angular  fragments.  In 
no  place  did  it  present  anything  like  a  vein,  nor  had  it 
signs  of  stratification  The  largest  unbroken  mass  seen 
by  Dr.  Smith  must  have  weighed  from  30  to  40  tons. 

Other  localities  of  emery  are  Kulah,  Adula,  and 
Mauser ;  also  the  island  of  Kicaria,  in  the  Grecian 
Archiijclago.  In  the  island  of  Kaxos  the  emery  is 
found  in  large  blocks  mixed  with  a  red  soil,  and  also 
imbedded  in  wliite  m:u:ble.  It  is  taken  principally 
from  the  north  and  east  side  of  the  island :  the  best 
comes  from  Yothric,  nine  miles  from  the  shore,  and 
is  embarked  at  Sulionos.  Another  good  locality  is 
at  Apperanthos,  seven  miles  from  the  shore,  and  it  is 
embarked  at  a  small  port  called  Monizoua.  In  the 
south  of  the  island  it  is  found  near  Yasso.  It  is  in 
such  abundance  on  this  island  that,  notwithstanding 
the  immense  quantity  carried  off,  it  has  not  yet  been 
found  necessary  to  quarry  the  rock. 

Dr.  Smith  h.aving  reported  his  discoveries  to  the 
Turkish  government,  a  commission  of  inquiry  was  in 
stituted,  and  the  business  soon  assumed  a  mercantile 
form.  The  monopoly  of  the  emery  of  Turkey  was 
sold  to  a  mercantile  house  in  Smyrna,  and  since  then 
the  price  has  diminished  in  the  English  market  to 
from  10/.  to  15/.  the  ton.  The  different  mines  ex- 
plored are  those  of  Kaxos,  of  ancient  date ;  of  Kulah, 
commenced  in  1847,  and  now  abandoned  for  those 
nearer  the  sea ;  of  Gimaueh-dagh,  commenced  in  1847, 
and  worked  largely ;  and  of  Nicaria,  commenced  iu 
1850.  Erom  aU  these  different  places  the  emery  is 
sent  to  Smyrna,  and  from  thence  principally  to  Eng- 
land, the  vessels  taking  it  at  a  very  low  price,  as  it 
serves  for  ballast.  The  various  mines  belong  to  the 
Turkish  and  to  the  Greek  govenunents.  The  latter 
now  sells  its  emery  iu  lots  of  several  tons ;  but  as 
the  former  has  sold  the  entire  monopoly  of  its  mines, 
the  operations  are  controlled  by  a  single  interest: 
but  it  is  expected  that  this  monopoly  will  be  abolished 
in  virtue  of  a  commercial  treaty  existing  between 
Turkey  and  the  other  powers.  The  effect  of  this  will 
be  greatly  to  reduce  the  price  of  emery. 

Of  the  different  varieties  of  emery  used  in  the  arts, 
that  of  Naxos  is  still  preferred,  as  it  is  more  uniform 
in  its  quality  than  that  from  Kulah  and  Gumuch  ; 
but  if  the  best  qualities  of  Nicariau  emery  are  found 
in  abundance,  and  such  only  sent  to  the  market,  they 
will  prove  equal,  if  not  superior,  to  the  emery  of 
Kaxos. 

The  mining  of  emery  is  of  the  simplest  character. 
The  natural  decomposition  of  the  rock  in  which  it 
occurs  facilitates  its  extraction.  The  rock  decomposes 
into  an  c;u-th  in  which  the  emery  is  found  imbedded. 
The  quantity  procured  under  these  cucunistances  is 
so  great  that  it  is  rarely  necessary  to  explore  the 
rock.  The  earth  iu  the  neighbourhood  of  the  block 
is  almost  always  of  a  red  colour,  and  serves  as  an  in- 
dication to  those  who  are  in  search  of  the  mineral. 
Sometunes,  before  begimiiug  to  excavate,  the  spots 
are  sounded  by  an  iron  rod  with  a  steel  point,  and 
when  any  resistance  is  met  with,  the  rod  is  rubbed  in 


contact  with  the  resisting  body,  and  tke  effect  pro-  , 
duced  on  tlio  point  cuahlpb  .i  pKicti'^Lil  c\e  to  dei  iilc  ' 
wlietlier  it  has  been  dun     1      ,  n     _\     i        i       I 
blocks  which  arc  of  a  c.  i  . 
in  their  natural  state,  Inn  i 

largo  hammers:  when  tli   ,  i        '  i  >  i   i'l 

hammer,  they  are  subjected  to  the  action  of  fno  fur 
several  hours,  and  on  cooling  they  most  eommoidy 
yield  to  blows.  It  sometimes  happens  that  large 
masses  are  abandoned,  from  the  impossibility  of  break- 
ing them  into  pieces  of  a  convenient  size,  as  the 
transportation  either  on  camels  or  horses  requires  that 
the  pieces  shall  not  exceed  100  lbs.  each  in  weight. 

At  Kulah,  the  quantity  of  emery  detached  from 
the  rock  was  not  very  considerable,  as  it  had  been 
protected  from  decomposition  by  the  beds  of  lava 
that  cover  it.  There  the  marble  was  quarried  to  get 
at  the  emery,  which  was  done  in  lSi7  'with  profit, 
although  the  emery  had  to  be  carried  110  miles  on 
the  backs  of  camels.  Suiee  the  diminution  of  the 
price  of  emery,  this  mine  has  been  abandoned,  for  the 
quarrying  into  the  marble  was  found  very  difEeult, 
the  tools  used  in  boring,  &c.  being  thrown  out  of  use 
in  a  very  short  time  by  the  pieces  of  emery  encoun- 
tered at  every  instant.  At  the  time  when  Dr.  Smith 
WTote,  all  the  emery  sent  from  Asia  Minor  was  from 
the  mine  at  Gumuc'h-dagh. 

Emery  appears  to  be  a  mechanical  mixttu'e  of  corun- 
dum and  oxide  of  iron :  that  from  Nasos  is  of  a  dark 
grey  colour,  with  a  mottled  surface,  and  with  small 
points  of  a  micaceous  mineral  disseminated  in  the 
mass.  It  frequently  contains  bluish  specks  or  streaks, 
which  are  easily  recognised  as  being  pure  corundum. 
The  emery  from  the  other  localities  has  each  its  own 
peculiar  aspect.  The  frai'Uue  of  ciaoiy  is  toleiably 
regular,  and  the  expos(  il    ui,  i       '        i    i    . 

ceedingly  difficidt  to  Im 

fissures,  or  not  of  a  1 1 1 1    i        i  i         \       n 

reduced  to  powder,  it  \aiiLj  in  luI  uu  1.  ..i  ili.l. 
grey  to  black.  The  colour  of  Us  po\;der  alVuuK 
no  indication  of  its  commercial  value.  The  powder 
examined  under  the  microscope  shows  the  distinct 
existence  of  the  two  minerals,  corundum  and  oxide  of 
iron.     Emery  when  moistened  always  affords  a  very 
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strong  argiUaeeous  odour.  The  spooifie  gravity  h 
abiiut  1.  Itihaulm-b  is  itb  most  important  property 
HI  I'     'I  I'l     I     I   1      '  lid  was  ascertained  by 

I'     -  liner:  Fragments  are 

'    .  'limed,  and  crushed 
I  ih  .   I  "     I   I  ,11  or  three  blows  of  a 

haiiuuLi-,  then  thiu«n  mto  a  sie\e  (with  400  holes  to 
the  square  centimetre).  The  portion  passing  through 
is  collected,  and  that  rcniniiilng  on  the  sieve  again 
nil  '1  1  .  ,-11  iii''l  11  the  emery  had  passed 
111  I  '  .  is  then  weighed,  and 

il  ,  iicular  piece  of  glass, 

,ili  M,i    I  II  I  ,     1  I  I,  I        I, 111  a  small  agate  mortar. 

The  t;l.iss  1-,  first  ^eud.ed,  and  placed  on  a  piece  of 
glazed  paper ;  the  pulverized  emery  is  then  thrown 
upon  it  at  intervals,  rubbing  it  against  the  glass 
with  the  bottom  of  the  agate  mortar.  The  emery 
is  brushed  off  the  glass  from  time  to  tune  with  a 
feather,  and  when  all  the  emery  had  been  made 
to  pass  once  over  the  glass,  it  was  collected,  and 
passed  through  the  same  operation  three  or  four 
times.  The  glass  was  theu  weighed,  again  subjected 
to  the  same  operation,  the  emery  by  this  time  being 
reduced  to  an  impaljiable  powder.  This  series  of 
operations  is  continued  until  the  loss  sustained  by 
the  glass  is  exceedingly  small.  The  total  loss  in  the 
glass  is  then  noted,  and  when  all  the  specimens  ol 
emery  arc  submitted  to  this  operation  under  the  same 
cireunistaiicos,  an  exact  idea  of  their  relative  hard- 
ness is  obtained.  The  advantages  of  using  glass  and 
at^atc  are,  that  the  latter  is  sufiieiently  hard  to  crush 
111    .      I  111  '   ■      ,iiic  of  time  to  reduce  it 

t,i       '  •    it  it  has  no  longer  any 

ml,  on  the  other  hand, 


of  Uejluu,  [lulveiized  and  expeiwicutcd  with  in  this 
manner,  wears  away  more  than  four-fifths  of  its  weight, 
This  furnished  the  standard  of  comparison. 

The  foUowhig  Table  shows  the  results  of  the  exami 
nation  of  tou  specimens  of  emery  : — 


... 

..... 

Sapphire 

Specific 
GtjMty. 

Chemical  Composition. 

water. 

Alumina. 

"e."' 

L,.ne. 

SU,ca 

Tea.. 

1, 

Kulah 

57 

4  28 

1.90 

63  50 

33.25 

0.92 

1.01 

101.18 

?. 

Sanios    

3  98 

2.10 

70.10 

22  21 

0.62 

4.00 

99.03 

8. 

Niearia 

5(5 

2.53 

71.00 

20.33 

1.40 

4.12 

99.43 

4 

Eidah 

53 

4  03 

2  36 

63  00 

30.12 

0.50 

2.36 

98.34 

5, 

Gnmuch 

4-7 

3  82 

311 

77^2 

8  02 

l.SO 

8.13 

99.48 

f). 

Naxos 

40 

3.75 

1  7  ' 

(>  -',   ''^110 

0.86 

3.10 

101.31 

7. 

Nieaiia 

46 

3  74 

0.72 

98.88 

8. 

Naxos 

44 

3.87 

2.81 

2.41 

99.23 

Gumueh 

42 

4.31 

0.18 

l.SO 

101.20 

10. 

Kidah 

40 

3.S9 

.  .,.;.i3 

1.30 

9.63 

101.13 

r  substances  in  very  minute  quantities  occur 
I  of  the  emeries,  as  titanic  acid,  oxide  of  man- 
oxide   of  zhoouiimi,  and  sidnhur.      Those  I 


leries  which  contain  tlie  least  water,  everything 
ic  being  alike,  are  the  hardest.  The  silica  is  usually 
combination  with  alumina,  or  the  oxide  of  hon,  or 
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both;  so  Jiat  the  quantity  of  ahiuiina  must  not 
always  1)0  regarded  as  an  indication  of  the  quantity 
of  coriuiiluni  in  the  euieiy.' 

We  come  now  to  describe  the  various  methods 
adopted  iu  this  country  for  prepariug  emery  for  the 
mauufactiu-er  and  the  mechanic.^  In  the  ordinary 
process,  llie  lumps  of  emery  ore  as  they  are  imported 
are  broken  up  iu  the  same  manner  as  stone  is  for 
repairing  macadamized  roads,  and  into  lumps  of 
similar  size.  These  lumps  are  then  crushed  under 
stampei-s,  such  as  are  used  for  pounding  metallic 
ores,  di'ivcu  by  water  or  by  steam  power.  It  is  sup- 
posed thai  tho  stampers  leave  tlie  fragments  more 
angular  than  they  wotJd  be  if  ground  under  run- 
ners, a  mode  which  is  sometimes  employed.  The 
coarse  powder  is  then  sifted  tlirougii  sieves  of  wnre- 
clotli,  which  are  generally  cylindrical,  like  the  bolting- 
cylinders  of  corn-mills ;  but  the  sieves  are  covered 
witli  wirc-clnlh,  having  in  general  about  90  to  16 
wires  to  the  inch.  Tlie  following  figures  show  the 
numbers  of  wires  usually  contained  in  the  sieves,  and 
the  names  of  the  kinds  respectively  produced  by 
them: — 16.  Corn  emery ;  21.  Coarse  grinding  emery ; 
3G.  Grinding  emery ;  16.  Fine  grinding  emery ;  -53. 
Super  grinding  emery ;  00.  Coarse  ilour  emery ;  70. 
riour  emery;  SO.  Fine  ilom-  emery;  90.  Superfine 
flour  emery.  Ko.  16  sieve  gives  emery  of  about  the 
size  of  must  ard-sced ;  and  coarser  fragments,  extending 
nearly  to  the  size  of  peppercorns,  are  also  occasion- 
ally prepared  for  the  use  of  engineers.  Tlie  sieves 
have  sometimes  as  many  as  120  wires  in  the  inch; 
but  the  very  fine  sizes  of  emery  are  more  commonly 
sifted  through  lawn  sieves.  The  finest  emery  that  i- 
obtained  from  the  manufacturers  is  that  which  il.*ai  ■ 
in  the  atmosphere  of  the  stampuig-room,  and  is  n' 
posited  on  the  beams  and  shelves,  from  which  it  i . 
occasionally  collected.  The  manufacturers  rarely  or 
never  wash  the  emery :  tliis  is  mostly  done  by  the 
glass-workers,  opticians,  and  such  others  as  require  a 
greater  degree  of  precision  than  can  be  obtained  by 
sifting. 

Wathing-over,  or  ehitriution,  as  the  process  is  called 
by  chemists,  is  a  beautifid  appHeation  of  the  law  of 
gravitation  to  the  useful  arts.^  Thus  the  alluvial 
deposits  of  some  of  the  tropical  rivers  are  washed  iu 
order  to  separate  the  particles  of  gold  which  they 
contain.  A  small  portion  of  the  mud  of  the  river  is 
stirred  in  a  Lirgc  quantity  of  water  contained  in  a 
broad  shallow  basm,  the  gold,  being  many  times 
heavier  than  the  earthy  particles,  quickly  subsides, 
and  the  mud,  which  remains  suspended  for  a  long 
period  in  the  water,  is  removed  by  pouring  off  the 
water  from  the  valuable  sediment.  In  a  similar 
manner  the  particles  of  emery  and  other  powders 


may  be  separated  according  to  their  magnitudes,  in 
a  more  aeeui'ate  manner  than  can  be  accomplished  by 
sieves.  A  portion  of  enierY-])Owder  of  mioertain 
size  is  thorougiilv  v,  ,'i  :,i:\r>l  m  a  large  quantity  ot 
water,  as  in  a  cm  :!  i;  '■.  .  ■  nnl  liasin,  and  at  ihst, 
end  of  10  sccoik;:  ;!,.,.;  :umcd  off  from  the 
sediment  wliich  li;;a  laiicu  ^.u.-iu  in  that  period;  the 
sediment  is  laid  aside  in  a  separate  vessel.  The 
bulk  is  again  stuxed  and  poured  off  at  10  seconds, 
and  this  second  sediment  added  to  the  fii'st,  which 
process  is  repeated  mitil  no  further  sediment  is 
deposited  in  the  period  of  10  seconds ;  the  process  re- 
quires watchfulness  and  a  steady  hand.  A  fresh 
deposit  is  similarly  collected  from  the  residue  after 
a  longer  period  of  rest,  say  20  seconds,  until  the 
whole  quantity  of  emery  is  divided  mto  grains  of  so 
many  sizes,  as  may  be  required  for  the  particular 
branch  of  manufacture  for  which  it  is  intended. 
Mr.  HoltzapiFel  states,  that  for  many  years  he  used 
emeries  in  tlie  construction  of  mechanism  of  twelve 
degrees  of  fineness,  part  of  them  prepared  by  himself, 
by  washing-over,  namely: — Ko.  1.  Corn  emery  of 
commerce;  No.  2.  Grmding  emery;  No.  3.  Fine 
grinding  emery ;  No.  4.  Superfine  gruiding  emery ;  all 
prepared  by  sifting ;  No.  5.  Deposited  at  the  end  of 
two  seconds;  No.  G,  at  the  end  of  five  seconds ;  No. 
7,  ten  seconds  ;  No.  8,  twenty  seconds  ;  No.  9,  sixty 
seconds;  No.  10,  three  minutes;  No.  11,  fifteen 
minutes;  No.  12,  sixty  minutes.  The  emeries  of 
the  sizes  5  to  12  are  preserved  in  glass  bottles,  to 
keep  them  piu-e. 

In  the  preparation  of  emery  for  optical  purposes, 
All  T;-  -  :ii;\rs  1  pounds  of  the  flour  emery  of  com- 
.1  I'uuce  of  powdered  gum  arable,  and 
I  '  .  '  i  e  jiowder  into  2  gidlons  of  clear  water. 
Ilr  .  i.i.  ■-  ,'irjiosits,  as  above  described,  at  the  end 
of  10  seconds,  30  seconds,  2  minutes,  10,  20,  and  60 
minutes,  and  that  which  is  not  deposited  by  1  houi-'s 
subsidence  is  thrown  away  as  useless  for  grinding 
lenses.  The  use  of  the  gum  arable,  which  renders 
the  water  sUghtly  viscid,  was  recommended  by  Dr. 
Green  for  preparing  red  oxide  of  iron,  for  polishing 

Another  mode  of  preparing  emery  was  pointed  out 
some  years  ago  by  Mr.  Hawkins.  That  gentleman 
finding  that  the  emery  sold  in  the  shops  was  inade- 
quate to  the  pm-pose  of  grinding  two  flat  surfaces  of 
hard  cast  steel  acciu-ately,  thought  of  applying  to 
emery  a  process  which  he  had  seen  for  wasMng  over 
diamond  dust.  To  ensure  a  good  hard  quality  of 
emery,  he  procm-ed  of  an  emery-maker  a  quantity 
of  those  small  Itmips  or  graims  which  had  longest 
withstood  the  action  of  the  cast-iron  runners  and 
bed  :  these  pieces  were  reduced  to  powder  in  a  ca.st- 
irori  mortar  and  then  separated  into  different  portions 
by  sieves.  The  finest  emery  thus  obtained  w^as 
waslied  over  with  oil  instead  of  water,  the  oU  holdhig 
it  iu  suspension  a  much  longer  time,  and  in  this  way 
he  obtained  a  series  of  emeries  which  had  floated  1,5, 
10,  15,  20,  40,  and  80  minutes,  amongst  which  he 
found  every  variety  necessary  for  his  purpose,  and 
keeping  them  in  boxes  which  were  numbered  ac- 


cording  to  the  minutes  they  had  floated,  he  could  at 
any  time  prepare  more  of  any  one  kind.  In  tliis 
way  Jlr.  ll.iwkins  readily  attained  his  object,  and  by 
selecting  those  grains  of  emeiy  which  resisted  longest 
the  action  of  the  pestle  and  mortar,  he  obtamed  some 
so  haid  as  to  be  capable  of  cutting  a  ruby  when 
em])loyed  instead  of  diamond  dust. 

Mr.  Gill,  by  grinding  Greek  emery-stone  between 
two  flat  and  hard  steel  surfaces  and  washing  off  the 
ligliter  portions  in  oil,  found  that  those  which  sub- 
sided in  half  a  minute,  when  examined  by  a  micro- 
scope, had  entirely  resisted  the  fiictiou,  and  were 
perfectly  crystallized  sapphires.  I 

Mr.  Chezy  prepared  very  fine  emery  for  optical 
purposes  in  the  following  manner ;— After  having 
well  ground  the  coarse  emery  on  an  iron  plate  with 
au  iron  muller,  it  is  thro'ivn  into  a  vessel  which  must 
be  lather  wider  at  bottom  than  at  top  by  a  gradual 
iiicrca'-c.  The  vessel  must  then  be  filled  witli  clear 
M.itcr,  so  tliat  it  may  stand  S  or  10  inches  above  the 
cuieiy.  The  whole  is  then  strongly  agitated  with  an 
iron  spatula  and  left  to  settle  for  an  hour.  The  short 
branch  of  a  syphon  is  then  inti-odueed  to  tne  depth 
of  i  inches  below  the  surface,  and  the  turbid  water 
withdrawn  without  disturbing  the  vessel.  The  water 
thus  drawn  off  is  received  mto  another  large  vessel, 
and  the  first  vessel  is  again  filled  and  its  contents 
agitated  as  before.  The  same  operation  is  u pealed 
until  the  water  flo\\s  clear  through  the  sjpln  n  I  In 
powder  collected  in  the  second  vessel  is  in  i 
giinding  glass.  The  vessel  being  emptied  ami 
the  same  operations  are  to  be  repeated,  but  ih^,  ...lU  . 
is  to  be  drawn  off  at  the  end  of  half  an  hour,  unlil 
the  water  passes  clear  through  the  syphon.  Tin 
emery  thus  obtained  by  subsidence,  is  picsened  S'n 
use  under  the  denomination  of  r  /  '  "  /  ' 
The  same  operation  being  repe  il 
quarter  of-an-hour  for  subsidence  _ 
but  not  so  fine  as  the  preceding,  n  i  1  n  i  n  - 
emery  of  u  quarter-of-an-lour.  In  tins  way  tmtueb 
may  be  obtained  of  \  or  -1^  of  a  minute. 

Washing  emery  by  hand  as  above  explained,  is  far 
too  tedious  for  those  who  require  very  large  rpi  ril  ■'  ■■ 
of  ciiici),  MU'h  as  the  manufacturers  of  pi  i 
and  some  (jtlieis,  who  generally  adopt  tlie  1^ 
uu  ihu  I  — Tv  1 1, 1  111  more  cylinders  of  she.  I  (    ,  ,  i  i 
(,l     1  lit  of  about  2  feet,  and  ;,ujiiig 

1  iM  oO  or  40  inches  in  diameter, 

,  .   1  M  1,  and  eomniunieating  at  their 

upi  1  I  i_  ,  I  .  1  t  1  the  next,  by  small  troughs  or 
channels;  the  Ingest  vessel  has  also  a  waste-pipe 
near  the  top.  At  the  commencement  of  the  process, 
the  cylmders  are  all  filled  to  the  brim  with  clean 
water;  the  pulverized  emciy  is  then  ehunieil  ini  'li 
abundance  of  water  in  another  vessel,  ami  , 
lun  into  the  smallest  or  the  3-inch  eylimh  ,  I 
a  tube  opposite  the  gutter  leading  to  tin  i  nnl 
cylinder.  The  water  during  its  short  passage  aeujss 
the  3-ineh  cylinder,  deposits  in  that  ^cssel  such  of 
the  coarsest  emery  as  will  not  bear  suspension  for 
l-hat  limited  time  ;  the  particles  next  finer,  aie  depo- 
sit eJ  in  the  aeooud  or  the  5-iiioli  ciliuder,  diuiug  the 
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somewhat  longer  time  the  mixed  stream  takes  in 
passing  the  brim  of  that  vessel;  and  so  on.  Eventu- 
ally the  water  forms  a  veiy  languid  eddy  in  tlic 
largest  cylinder,  and  deposits  theiein  the  very  fine 
particles  that  have  remained  in  suspension  untd  this 
ptiiuj  ,  and  the  water,  lastly,  escapes  by  the  wastc- 
II  I  ii'  1  (iLtiicly  free  fioin  emery.  In  this 
\Jinie  is  also  the  measure  of  tlie 
>  1)  deposited  in  the  twelve  or  more 
\  1  iIm  1  1  ilier  being  deteimined  by  the  quan- 
tity (jf  si.;es  lespcctively  required  in  the  manufacture 
to  which  the  emery  is  applied.  When  the  vessels 
are  to  a  certain  degree  filled  with  emeiy,  the  process  is 


>Lp  ot  w  uud,  and  applied 
ithout  oU,  according  to 
Jthly 


are  in  general  the  .  . 
When  used  by  artisan- 
wrapjied  aiound  a  hie 
just  Kke  a  file,  willi 
circumstances.  The  emery-paper  cuts 
with  oil,  but  loaves  the  woik  dull. 

Emeri/'clolh  only  dift'ers  from  emery-paper  in  the 

use  of  tliiu  cotton  cloth  instead  of  paper,  as  the 

iiiati  ual  upon  wliich  tlie  emciy  is  ll\cd  liy  me.ms  of 

III.       'llie  emery-cloth  when    I'   u    I      niin   i       lile, 

I   ply  so  readily  to  it  I  i^ 

I  I  M  i\.]n|.er  and  emei}  .ni...  ,  i  i    I  .  Ii  i.^e- 

I      '  1 1  uses,  where  tho  hand  aluiiL  lb  u:>ed, 

1  I   ly  of  the  cloth  is  advantageous.' 

/  I     I'.ids  of  deal  about  S  to  li  inches 

1  [Uare,  or  with  one  side  rounded 

I  I  II      Nails  arc  driven  into  each  end 

tiinporary  handles,  they  aie  then 
1  II  I  1  I  I  I  it  a  time  with  thin  glue,  and  dabbed 
at  all  paits  in  a  heap  of  emery-powder,  and  knocked 
on  one  end  to  shake  off  the  excess.  Two  coats  of 
glue  and  emery  are  generally  used.  The  emery-sticks 
t  iMi'eh  more  economical  than  emery-paper  wrapped 
'  li  w  iiieh  is  liable  to  be  torn. 
(  .  like  consists  of  emery  mixed  with  a  little 

I  1  '    In  |ipcd  small,  rendered  down,  and  mixed  with 
a  \  eiy  little  bees'-wax,  so  as  to  constitute  a  solid  lump, 
with  which  to  di-ess  the   edges   of  buff  and  glaze 
wheels.     The  ingredients  should  be  thorougldy  in- 
corporated by  stirring  the  mixture  wlidst  fluid,  after 
which    it    is    frequently    poured    into   water,    and 
thoroughly  kneaded  with  the  hands,  and  rolled  uito 
lumps  before  it  has  time  to  cool.     The  emery-cake  is 
*  1  irs   applied  to  the  wheels   whilst  they  ai'e 
_ ,  but  the  more  usual  course  is,  to  stop  the 
uid  nib  itt  the  emery-cake  by  hand.     It  ia 
I     lulb  smoothed  down  by  the  thumb. 
L-dirif-paper,  or  Mwa/ds'  patent  razor-strop papei , 
(patented  in  lSi3,)  is  a  new  article,  in  which  fino 
emery  and  glass  are  mixed  with  paper  pulp,  and  made 


EMERY— ENAIMEL  AND  ENAMELLING. 


inlo  steets  as  in  making  ordinary  paper.  The  emery 
and  glass  are  said  to  constitute  together  60  per  eeut. 
ot  the -weight  of  the  paper,  wl)ioh  resembles  drawing- 
paper,  except  that  it  has  a  delicate  fawn  colour.  This 
emery-paper  is  dii'eotcd  to  be  pasted  or  glued  upon  a 
piece  of  wood,  and  when  rubbed  with  a  little  oil,  to 
be  used  as  a  razor-strop. 

Barclays  artificial  emery-stone.  Li  1842,  Mr. 
Henry  Barclay  took  out  a  patent  for  a  method  of 
combining  powdered  emery  into  disks  and  laps  of 
dilTerent  kinds,  suitable  to  grinding,  cutting,  and 
poKshing  glass,  enamels,  metals,  and  other  hard  sub- 
stances. The  process  of  maniifacture  is  as  follows : 
— Coarse  emery -powder  is  mixed  with  about  half  its 
weight  of  pulverized  Stourbridge  loam  and  a  little 
water  or  other  liquid,  to  make  a  thick  paste ;  this  is 
pressed  into  a  metallic  mould  by  means  of  a  screw- 
press,  and  after  having  been  thoroughly  dried,  is 
baked  or  burned  in  a  muffle  or  close  receiver  at  a 
temperatiu-6  considerably  above  a  red  heat,  and  below 
the  fall  white  heat.  Li  this  case,  the  clay  or  alumina 
serves  as  a  bond,  and  unites  the  particles  very  com- 
pletely into  a  solid  artificial  emery-stone,  which  cuts 
very  greedily,  and  yet  seems  hardly  to  suffer  percep- 
tible wear. 

Superfine  grinding  emery  is  formed  into  w^heels 
exactly  in  the  same  manner  as  the  above,  but  the 
proportion  of  loain  is  then  only  one-fourth  instead  of 
one-half  that  of  the  emery.  These  emery-stones, 
which  are  of  medium  fineness,  cut  less  quickly,  but 
more  smoothly  than  the  above. 

Flour-emer>/\\\it\i.  manufactured  into  artificial  stones, 
requires  no  uniting  substance,  but  the  moistened 
powder  is  forced  into  the  metal  moidd  aud  fired; 
some  portions  of  the  alumina  being  sufficient  to  unite 
the  whole.  These  fine  wheels  render  the  works 
submitted  to  them  exceedingly  smooth,  but  they  do 
not  produce  a  high  polish  on  account  of  the  compa- 
rative coarseness  of  tlie  flom--cinery.  Stourbridge 
loam  is  not  the  only  ingredient  used  in  uniting  the 
particles  of  emery.  Many  other  substances  answer 
as  well ;  such  as  slate,  Yorkshire  gritstone,  crocus, 
&o.;  and  in  this  way  the  hardness  and  cut  of  the 
emery-stone  may  be  varied  to  a  great  extent.  Most 
of  the  grinders  made  of  the  emery-stone  are  formed 
with  central  holes,  so  as  to  admit  of  being  attached 
to  the  lathe  upon  appropriate  chucks  or  spindles; 
and  the  substance  is  so  porous  as  to  absorb  much 
water,  which  is  gradually  thrown  to  the  surface  by 
the  centril'ugal  motion,  so  as  to  keep  the  edge  con- 
veniently moist,  or  with  excessive  velocity  the  water 
is  thrown  off  as  in  trundling  a  mop.  Mr.  Barclay 
has  made  the  disks  of  various  diameters,  from  \  inch 
to  S  or  10  inches  diameter,  but  the  difficulty  increases 
with  the  size,  as  the  large  ones  are  liable  to  warp  and 
crack  in  the  firing.  When  the  emery-stone  laps  ai-e 
required  to  have  plane  surfaces,  angular  or  convex 
edges,  &c.,  that  coidd  not  be  readily  moulded,  the 
composition  is  partially  fired  at  a  low  heat,  then 
turned  in  a  lathe  to  the  proper  form,  and  fired  at 
nearly  a  white  heat.  The  coarse  emery-stone  has 
been  used,  it  is  said,  successfully,  in  glass-cutting-. 


Common  Corundum  is  much  used  in  the  East  as  an 
abrasive.  Like  emery,  it  owes  its  valuable  property 
to  the  highly  crystalline  alumiua  of  which  it  mostly 
consists.  The  lapidaries  in  India  use  corundum- 
wheels  by  cementing  powdered  corundum  with  one- 
third  by  volume  of  lac-resin.  The  coi-undum-powder 
is  put  into  an  earthen  vessel  ami  lieated  over  a  clear 
fij-e,  and  when  hot  ciiuuuh  in  rn-i'  a  piece  of  resin 
easily,  the  resin  is  blincd  in,  in  buiiiU  portions  at  a  time. 
The  mass  is  Ihuu  taken  out  ami  beaten  with  a  pestle 
upon  a  smooth  stone,  then  rolled  upon  a  stick,  re- 
heated several  times,  and  continually  kneaded  until  a 
uniform  mixture  is  produced.  It  is  then  separated 
from  the  stick,  laid  agam  upon  a  stone  slab  previously 
covered  with  very  fine  corundum-powder,  and  flat- 
tened into  the  form  of  a  wheel  by  an  iron  roUing-pin. 
The  wheel  is  then  polished  by  a  plate  of  h-on  and 
corimdum-powder,  and  lastly  a  hole  is  made  through 
the  middle  by  a  heated  copper  or  iron  rod.  These 
wheels  are  made  with  a  grain  more  or  less  fine.  The 
coarser  perform  the  fii'st  rough  work,  and  the  finer 
cut  the  stones,  which  are  moistened  and  sprinkled 
with  corundum-powder.  These  wheels  are  mounted 
on  a  horizontal  axis,  and  the  workman  sitting  on  the 
ground,  makes  them  revolve  with  a  spring  bow  held 
in  his  right  hand,  while  the  stone  to  be  cut  is  held  in 
his  left.  The  polish  is  given  by  wheels  of  lead  and 
very  fine  corujidum-powder. 

Corundum-rubbers  are  made  by  melting  lac,  and 
then  intimately  mixing  corundum-powder  with  it. 
The  composition  is  then  moulded  in  the  shape  of  a 
brick  of  about  6  by  4  inches,  aud  Ij  inch  deep,  with 
a  handle  of  wood  about  6  inches  long  at  the  end, 
having  a  rise  of  about  30°  for  the  convenience  of 
working  it.  For  coarse  rubbers  the  proportions  are, 
by  weight,  lac  8,  corundum  1 ;  for  the  medium,  lac  12 
to  16,  aud  corundum  1.  The  fine  rubber  is  made  by 
mixing  the  grindings  of  agates,  carneKans,  and  the 
like  with  lac,  and  as  the  wheels  upon  which  they  are 
ground  are  made  of  corundum  and  lac,  the  grindings 
must  contain  a  portion  of  those  materials.  A  good 
proportion  is  6  lac  to  1  grindings. 

Mr.  Holtzapffel  states  that  some  dentists  employ 
old  files  thinly  coated  with  a  cement  of  emery  and 
shell  lac  in  finishing  enamel  or  mineral  teeth. 

ENAMEL  AKD  ENAjSIELLING.  An  enamel 
is  a  vitreous  substance  used  for  painting  on  glass,  por- 
celain, &c.,  and  for  covering  metals  with  various  kinds 
of  useful  and  ornamental  work.  When  the  painting  is 
complete,  or  the  metal  is  covered,  adhesion  is  produced 
by  exposing  the  article  to  a  temperature  sufficiently 
high  to  fuse  the  enamel.  Hence  there  are  several 
conditions  winch  enamels  are  requii'cd  to  fnlfil :  they 
must  be  fusible  at  a  certain  moderate  temperature ; 
they  must  adhere  strongly  to  the  glass,  porcelain,  or 
metal  to  which  they  are  applied ;  they  must  have  a 
eertam  trairspareuoy  or  opacity,  such  as  wfll  enable 
the  artist  to  produce  the  effects  of  a  finished  picture ; 
they  must  preserve  a  smooth  vitreous  appearance  after 
fusion,  aud  be  sufllcieutly  hard  to  resist  the  friction 
of  solid  substances ;  they  must  be  insoluble  in  water 
and  also  resist  the  action  of  the  atmosphere;   and 
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lastly,  they  must  contTact  aad  c^paud  to  the  same  ' 
extent  as  the  substances  which  they  cover. 

Ill  the  present  article  we  shall  confiue  our  attention 
chiefly  to  the  enamelling  of  metals,  referring  to  the 
article  Pottery  and  Porcelain  for  some  details 
respecting  enamel-painting. 

Enamels  are  composed  of  colouring-matters,  which 
for  the  most  part  consist  of  mctallio  oxitlos,  and, 
secondly,  of  fluxes,  or  vehicles  for  the  colour,  consist- 
ing of  vitrifiable  substances,  such  as  silicates,  borates, 
or  boro-silicates,  in  dili'ercnt  proportions.  The  colour 
of  an  enamel  results  either  from  the  colour  of  one  of 
its  constituents,  or  is  a  result  of  the  chemical  combina- 
tion of  the  constituents :  in  the  one  case,  the  colouring- 
matter  is  simply  mixed  with  the  flux,  or,  if  the  flux 
combine  with  it  chemically,  it  docs  not  affect  its 
colom-ing  property ;  in  the  other  case,  the  flux  has  a 
chemical  action  on  the  colouring-matter. 

Gold,  silver,  and  copper  are  the  metals  which  arc 
usually  enamelled.  The  enamels  u^cd  f(n-  tlio  pnqincc 
must  have  their  point  of  fusion  1<'  i'  i  .'  In 
metals  to  which  they  are  applail  i 

for  copper  and  sih  er  than  foi  ■      ^       I  I « 

very  fusible  when  used  alone;  li'il  '  i  n  >  n  i  i 
ground  for  other  enamels,  they  must  l,r  (.ipablc  of 
resisting  a  liigli  temperature  without  fusing. 

Enamels  are  opaque  or  transparent :  those  which 
arc  used  as  a  groimd  are  opaque ;  those  which  are 
used  ui  painting  may  be  tiansparent  or  opaque,  but 
the  latter  are  usually  preferred,  especially  for  stiver 
and  copper. 

Enamelling  on  metals  is  more  .1  jm  i  Ii  i'i  iim  i  i  i^^ 
and  porcelain.     The  presence  I'l  il 

usually  produces  a  reaction  bet 
the  enamel  dissolves  the  oxidr  mh  (  'i  i  .      i'm> 

surface  of  the  metal  at  a  high  tenipci  alurc,  aud  bi  comes 
coloured  thereby  ;  or  the  enamel  may  itself  oxidize 
the  metal,  in  consequence  of  the  oxide  of  lead  con- 
t.dued  in  it,  in  \\hieh  case  the  lead  is  reduced,  and 
the  colour  is  destroyed.  Hence  gold  admits  of  being 
enamelled  better  than  copper  and  sUver ;  but  if  gold 
contain  copper,  some  difficidties  may  be  experienced. 
On  copjier  and  silver  the  enamel  generally  undergoes 
some  change,  at  least  in  the  layer  which  is  in  contact 
with  the  metal.  If  the  enamel  is  transparent,  the 
defects  arc  apparent ;  but  if  opaque,  and  the  surface 
smooth,  (he  ilelVcts  arc  concealed.  Copper  aud  silver 
aic  sometmiLS  Ihst  covered  with  an  opaque  enamel, 
aud  aftciflauls  -nith  one  that  is  transparent. 

The  objects  to  be  enamelled  are  usually  prepared 
for  the  purpose  by  the  jeweller.  They  may  be  en- 
tirely or  only  partially  covered  with  enamel,  according 
to  the  design      In  the  one  case  thrir  iiuisf  be  a  pro- 


Opacity  is  given  to  enamels  by  the  addition  of  a 
certain  proporliou  of — ],  oxide  of  tin,  3,  phosphate  of 

lil„.,    ..,    :l..r,,:,    ,    [■    „::,::,,    „,.        'i;..     oxulcof    tin    is 

I'     :  ,  .  S.n^  the  enamel 

fi!;ud  l.-ril;,,r,  ;a.Lrra:\...l  ii:':im;,  \n  ;i  ivd  heat:  the 
oxide  which  forms  on  the  surface  is  removed  as  fast 
as  it  is  formed ;  heat  is  again  ajiplied,  to  render  the 
oxidation  more  complete.  It  is  next  stirred  up  in 
water  to  precipitate  the  minute  portions  of  metal 
which  have  escaped  oxidation,  aud  in  this  way  the 
oxide  can  be  separated. 

The  proportions  of  tin  and  lead  wliicli  arc  In  be  thus 
fused  together  vary  :i''"^uii,--  t.i  !:,.■  r  .  ,:|iii  iimii  of 
the  enamel  into  whir!'  1 :     >■  ■  ,      \'   li.'iiy 

of  oxide  of  tin  cqu;il  !■ '  '  :  '  ■  i:  ■  ■-■■ijlit 
of  the  enamel  wiU  rtHLJcr  il  U  :;.i  ...,:a.iuc  v,  lu;c.  The 
proportion  of  lead  is  variable  according  to  tlic  kind  of 
enamel  required.  Eor  tliis  pui-pose  the  foUowmg 
alloys  will  be  found  useful: — 


In  the  following  recipes  for  opaque  enamels,  the 
oxide  of  one  or  other  of  these  alloys  is  used  instead 
of  the  oxide  of  lead  in  the  transparent  enamels : — 


The  above  enamels  are  those  i'.daiif  rd  to  nrild.  The 
more  fusible  enamels  required  I  r  r>.;  :'.-[■  :ii-A  Mlvcr 
may  be  formed  by  the  addifi;',!  <     '  '    h  ■  i   ilnir 

weight  of  calcined  borax.  By  li  i,  ila  r  a.:  ;,i;.iu  uf 
this  substance  the  fusibility  ol  enaiuLls  uuij  be  in- 
creased at  pleasure. 

Colouied  enamels  may  be  formed  either  opaque  or 
transparent,  by  melting  up  with  any  one  of  the  above 
enamels  a  certain  proportion  of  some  metallic  oxide, 
as  indicated  in  the  following  recipes : — 


Peroxidi 
»».rf -Opaque 


Recipes  for  enamels  used  in  painting  on  porcelain 
will  be  given  iu  the  article  Pottery  and  Porcelain. 

""he  enamels  which  arc  a]i]ilicd  fo  nicfals  arc  ci-OMiid 
up  with  water  in  an  aj':'  na.  i   r,  :  :  il  i  r|  i  :,,Miv  inr 

e  under  water  111  a  '  '  •■  i  :      1     Iu 

be  enamelled  must  l.  ;,.  ^  ,  :  ■  '•,•  '  '■  -'  '  ■  la  iiig 
boiled  in  a  solution  of   |..a,adi,  aud  llau  v.aslnjd  in 

■e  water.     If  gold  bo  alloyed,  it  ought  to  be  boiled 
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m  a  very  strong  solution  of  40  parts  saltpetre,  25  alum, 
and  35  sea-salt.  This  will  remove  the  eopper  from 
the  surface,  and  enable  the  enamel  to  make  contact 
M'ith  pure  gold. 

A  tolerably  complete  idea  may  be  formed  of  the  art 
of  enamelling  by  the  following  detail  of  the  processes 
concerned  in  the  manufacture  of  watch-dial  plates, 
which  arc  manufactured  in  considerable  numbers  in 
this  country.  Enamelled  dial-plates  are  of  two  kinds  : 
the  hard,  in  wMch  the  surface  is  covered  with  hard 
or  Venetian  enamel,  and  the  soft,  in  which  English 
soft  glass  enamel  is  used.  Tlie  metals  best  adapted 
for  the  basis  of  the  plate  are  fine  gold  or  fine  copper : 
the  latter  is  most  common,  and  is  known  by  the  name 
of  eiiamellers'  coppur.  The  copper  must  be  very  thin, 
or  the  plates  will  crack  in  firing.  The  copper,  having 
been  cut  into  squares  of  the  proper  size,  is  heated  to 
redness  in  a  clear  fire :  when  cold,  the  squares  are 
formed  into  the  intended  shape  of  the  dial.  The 
tools  required  by  the  euameller  are  as  follows :  1. 
The  dies,  one  of  wliich  is  shown  in  section  in  Pig. 
S51:  these  are  small 
circular  plates  of  brass, 
about  ^th  inch  (hick :  their  edges  are  turned  a  little 
conical,  and  their  centres  perforated  with  holes  nearly 
as  large  as  those  to  be  made  in  the  dial-plates.  The 
enameller  has  about  forty  of  these,  from  finch  to  2  J 
laches  in  diamcfcr.  2.  A  round-ended  punch,  Kg. 
S52,  made  of  steel  wire 
about  jV  ths  inch  thick 
and  Ij  long,  fixed  in  a 
■^'*' °  "■  convenient  handle :  it  is 

used  for  the  purpose  of  punching  up  the  copper  in  the 
centre-holes  of  the  dies.  3.  A  clock-maker's  round 
broach,  Pig.  853,  firmly  fixed  in  a  strong  handle  :  its 


ie  is  to  burnish  up  an  edge  to  the  copper,  and  also 
)  sqiuire  up  the  ceutre-holcs.     4.  A  die  or  block,  Fig. 
854,  to  set  the  eopper  of  the 
desired  concavity:   this  is  of 
box  or  other  hard  wood,  and 
'^'   '  '  a  little  larger  in  diameter  than 

the  hu-gest  brass  die  :  it  has  a  hole  through  the  centre 
something  wider  than  the  hole  in  the  dial-plate.  5.  A 
large  pair  of  scissors,  for  cutting  the  copper  into 
shape.  G.  A  setting  spatula,  Eig.  855,  made  of  steel 
wire  about  ^ths 
^^^ai  — ^■™— ^=^^g^^^  i^cli  in  diameter 
1  J  '■  i.  ai.d  5  inches  long, 

Mith  one  f.id  u  .  ai  tl  ii  r.i.il  thin,  then  filed  a  Uttte 
icmiid,  and  llie  fiat  p.tit  l.-ut  so  as  to  form  a  segment 
of  a  circle  somewluit  smaller  than  the  curve  of  the 
setting-die  :  the  outer  part  of  the  curve  should  then 
be  smoothed  on  an  oil-stone.  7.  A  smooth  needle- 
makers'  file,  used  for  filing  the  plated  wire  and  the 
edge  of  the  copper  after  it  has  been  burnished  up  to 
the  edge  of  the  brass  die.  8.  A  small  steel  point, 
nithor  stouter  than  a  stocking-needle,  used  for  mark- 
iiig  the  place  wlierc  the  feet  of  the  di;il  should  be  put. 


9.  A  large  solderiug-lamp,  Eig.  850,  of   the  capacity 

of  at  least  a  quart :   it  lia.s  a 

cylindrical  spout  f--  »'"'  ..,itr„, 

at  least  li  inch  ■ 

A  pairoftweczr 

pipe  for  soldci;i  -  ;      :       ' 

the  coppers :  the  hole  mu-t  i)e  a 

little  more  open  than  is  usual  in 

blowpipes.    12.  A  watchmaker's 

glass  and  dial-gauge.     13.  A  pair  of  nippers,  to  cut 

the  feet  from  the  plated  wire. 

Supposing  the  workman  linds,  on  measuring  the 
frames  of  the  watches  which  are  to  be  furnished 
with  dial-plates,  that  the  frame  corresponds  with  one 
of  the  divisions  on  the  gauge,  he  selects  a  die  haK  a 
size  larger,  as  the  dial  must  always  be  one  size  larger 
than  the  frame,  including  the  thickness  of  the  copper. 
Tlie  dial,  when  completed,  ought  to  extend  over  the 
frame  just  enough  to  fill  the  groove  in  the  inner  case 
of  a  watch,  turned  for  that  purpose.  If  the  dial  is 
to  be  made  to  a  brass  edge,  the  die  should  be  fully 
one  size  less  than  the  imier  rim ;  for  as  the  dial  has  to 
lie  within  the  rim  of  the  edge,  an  allowance  must  be 
made  for  the  thickness  of  the  copper,  and  also  for 
the  swelling  of  the  plate  in  the  fii-e.  The  proper  die 
being  chosen,  one  of  the  pieces  of  copper  must  be 
placed  on  that  side  of  the  die  which  has  the  smallest 
diameter,  and  as  nearly  in  the  centre  as  possible;  the 
die  with  the  copper  upon  it  is  then  placed  flat  on  a 
table  or  board,  and  the  round-headed  punch,  Eig.  852, 
being  put  in  the  centre,  it  is  pressed  down  and 
worked  round  till  the  end  of  it  is  forced  as  far  as  it 
can  go  into  the  centre  hole  of  the  die.  The  eopper 
is  then  taken  olf,  and  the  bulge  thus  fonned  filed 
nearly  through.  The  coppei  is  then  placed  on  the 
die  in  the  same  maimer  as  before,  and  the  round 
broach  gently  thrust  through  the  centre  hole  till  it 
fits  it  nearly  tight  to  the  die.  Then  holding  the  die 
and  copper  in  the  left  hand  with  the  die  upwards,  the 
copper  is  cut  as  nearly  round  as  possible,  leaving  it 
about  ^th  inch  larger  than  the  smallest  side  of  the 
die,  which  is  done  by  holding  the  scissors  a  little 
aslant.  The  die,  with  the  copper  uppermost,  is  then 
to  be  laid  on  the  work-board,  and  gently  rubbed  or 
burnished  over  with  the  round  broach,  till  the 
copper  Kes  quite  smooth  and  flat  on  the  die.  Then 
holding  the  die  and  the  copper  firmly  in  the  left 
hand,  and  having  the  broach  in  the  right,  that  part  of 
the  copper  is  to  be  burnished  which  extends  beyond 
the  edge  of  the  die ;  this  is  best  done  by  rubbing 
the  broach  round  the  copper  and  pressing  it  close  to 
the  edge  of  the  die.  The  copper  is  now  to  be  taken 
off  the  die,  and  the  edge  or  rim  thus  formed  is 
finished  by  filing  it  till  it  is  equal  on  every  side.  The 
centre  hole  must  be  filed  a  little  to  take  off  the 
ragged  parts,  but  it  must  not  be  made  so  low  as  the 
edge,  and  the  bur  that  is  formed  by  filing  must  be 
scraped  off  with  the  edge  of  a  graver.  The  copper  is 
then  set  up  to  the  desired  convexity  by  placing  it  in 
the  setting  die,  and  rubbing  it  with  the  setting  spa- 
tula till  the  copper  touches  in  all  parts.  After  this, 
the  feet  are  soldered  on ;  for  which  pui-pose,  copper 
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wire  plated  with  silver  is  very  preferable  to  pkin 
eojijier  \\-ire  soldered  with  spelter.  'VVlicii  the  copjier 
is  set  up  properly,  it  is  plaeed  ou  the  frame  of  the 
wateh,  then  holding  the  eopper  aud  the  frame  in  the 
left  hand,  the  holes  in  the  frame  where  the  feet  are  to 
be  placed  arc  marked  with  the  pomt  or  needle.  The 
copper  is  then  placed  in.  the  setting  die,  and  small 
squares  are  described  about  each  of  the  marks  that 
have  been  made  with  the  point,  large  enough  to  admit 
the  foot  wire  to  be  placed  within,  the  object  of  the 
squares  bemg  to  throw  up  a  bur  or  ridge  to  prevent 
the  foot  from  shpping  out  of  its  place  during  the 
operation  of  soldering.  The  feet  for  the  coppers  are 
cut  by  fixing  an  u-on  peg  into  the  work-board,  and 
the  pieces  of  plated  wire  being  held  against  it,  it  will 
form  a  \  ery  good  resistance  to  the  action  of  the  lile. 
If  coppers  are  to  be  made  for  llat  plates,  the  feet 
shoidd  be  filed  at  right  angles ;  but  if  the  plates  are 
convex,  they  should  be  filed  at  an  angle,  as  nearly  as 
possible  corresponding  with  tlic  curve  formed  in  the 
hollow  part  of  the  copper,  because  when  the  foot  is 
placed  on  the  eopper  it  will  be  found  to  stand  per- 
pendicular to  the  base  Ihie  or  edge  of  the  coi)per. 
The  feet  thus  filed  are  cut  off  with  the  nippers  ;  if 
for  frame  plates,  about  -^Ihs  mch  long ;  but  if  for  flat 
plates,  about  |th  will  be  s\ifilcieut.  A  small  quantity 
of  borax  is  next  rubbed  upon  a  piece  of  slate  with  the 
addition  of  a  few  drops  of  wafer,  into  which  the  filed 
parts  of  the  feet  being  slightly  dipped  will  greatly 
assist  the  soldering.  The  copper  is  then  held  in  the 
left  hand,  and  the  feet,  taken  up  with  the  tMcezers, 
are  set  in  their  proper  places  ou  the  copper  prepara- 
tory to  soldering,  which  is  done  by  placing  the  copper 
on  a  piece  of  charcoal  and  directing  the  flame  of  the 
lamp  by  moans  of  the  blow-pi[je  upon  it,  uutd  the 
copper  is  nearly  at  a  white  heat;  the  mUi  i  i  '  i 
then  runs  down  to  the  copper  and  CMi,i[i 
soldering.  If  the  feet  have  kept  in  theii  |il  .  i,ii- 
will  fit  into  the  holes  of  the  frames,  but  if  ih.>  Iu.m- 
sliifted  a  little,  the  copper  must  be  placed  m  the 
setting  die  \\ith  the  feet  upwards,  and  the  frame 
being  held  over  the  feet,  they  must  be  bent  into  the 
proper  direction,  by  introducing  the  setting  spatula 
between  the  frame  aud  the  copiicr,  until  they  fit  into 
the  holes  of  the  frame.  The  copper  is  then  to  be 
gently  willidiawn  fiom  the  frame,  and  if  any  dents  or 
bulges  ha\c  \)rt  n  made,  they  must  be  removed  by 
putliii^'  (li(  loppi  r  into  the  setting  die,  and  rubbing 
the  spululi,  louiid  the  feet  till  such  imperfections  arc 
removed.  Lastly,  the  coiiper  is  cleansed  in  a  dilute 
solution  of  nitric  acid,  then  washed  in  clean  wafi  i 
with  a  soft  brush  and  a  little  white  sand.  If  tin 
seide  i,  cdnipletcly  removed,  they  need  not  be  again 

1       I     '  I    111  enamelling  arc,  1.  An  agate 

I  I  '  c;rind  the  enamel.     2.  A  .=mall 

.1  .  Ill  .  !i„i.ii,K..  J.  Aflat  spatula,  ^ths  inch  broad 
and  a  111  tie  thicker  than  those  used  for  paint  knives. 
4  A  <:paf  ula  rather  thicker  than  the  la-^t,  but  of  equal 
bieadlh ;  one  ride  of  this  is  flat  and  the  other  a  little 
curved.  It  must  be  of  good  steel,  and  is  used  to 
i.pread  the  hard  enamel  on  the  copper.     5.  A  spatula 


side  of  the  copper;  this  i-,  <  i'  •  ii,i; 

it  is  sunilar  to  the  setting  ^ii.it  i,  i,  i  i       i  ii  the 

end.  e.  A  quill  cut  hke  a  tooth-piek,  for  clearing 
the  enamel  out  of  the  centre  holes.  7.  Two  damask 
inpkins  for  dryhig  the  water  from  the  enamels.  S.  A 
small  basin  with  a  cover  to  hold  the  enamel  used  for 
the  tops  of  the  dial-plates.  9.  A  gallipot  to  hold 
the  enamel  that  is  used  for  the  bottoms.  10.  A 
eyhudrieal  block  of  wood  to  fix  the  copper  on  when 
It  is  ready  to  have  the  enamel  laid  on  the  top.  This 
for  common  sized  plates  may  be  about  1|  inch 
diamet(  r  and  0  inches  long.  Soft  wax  is  fixed  at  unc 
end  of  this,  so  as  to  form  a  kind  of  cap  to  the  block. 
11.  A  box  or  tray  to  hold  the  i.Litcs  when  the 
enamel  is  spread  ou  them.  It  may  be  about  IG 
inches  long,  0  broad,  and  li  deep.  1:2.  A  small 
stecl-faecd  anvil  to  hold  in  the  hand  to  bieak  the 
enamel  on.  The  face  may  be  about  1  inch  in 
diameter. 

The  soft  glass  enamel,  which  is  Iimul-LI  Ii\  the  ena- 
meller,  in  cakes,  is  prepared  I  )\  I  ii  ,  i  iiIm  lot- 
lowing  manner: — It  is  first  111  i  M  I",' 
face  of  the  hammer,  any  p.u  i  i  i  i  k 
and  red  streaks  being  rejected,  ..^  lin  ,  muuM  euii- 
faminato  the  whole  of  the  enamel,  'when  it  is 
broken  up  into  fragments,  not  larger  than  small  peas, 
it  is  carefully  ground  with  water  in  the  agate  moitar, 
and  the  fine  powder  into  which  it  is  gradually  reduced, 
is  w-ashed  away  four  or  five  times  duiiug  the  grinding, 
by  filling  the  mortar  with  clean  water,  and  agitating 
the  iiiamel  with  the  broad  flat  spatula,  stirring  it  up 
'  I  ilir  bottom,  till  the  water  ap]>eais  quite  milky: 
mill  shoiJd  then  be  allowed  to  settle  to  the 
11,1  and  flic  water  poured  ofi'.  Great  care  must 
III-  KiLeu  to  keep  oft  specks  of  dirt,  as  thc-c  will  form 
specks  on  the  sui'faco  of  the  dial-plalcs.  The  grind- 
ing must  becontinued.untilf  he  enamel  is  reduced  to  the 
fineness  of  fine  grain  guupo\\dcr  ;  although,  for  some 
purposes,  it  need  not  be  finer  than  maw-secd.  When 
comjiletely  ground,  and  flic  flour  washed  away,  Iho 
enamel  is  kept  under  water  in  the  covered  basin, 
untU  ready  for  use. 

The  Venetian  hard  enamel  that  is  used  for  bottoms, 

is  broken  up  with  the  hammer,  aud  then  crushed  in  a 

e^lindli^  il  irn.i  mnriar,  Mifh  a  pestle  fitting  into  if. 

If    ■       '  1 1  H   I  ouiiilcd  until  it  is  as  fine  as  the  glass 

11  ml  in  the  agate  mortar,  to  an  almost 

I   ■    This  enaniel  is  not  to  be  washed. 


"Will 


1  flie 


•,  for 


allowed  to  get  dn     i     i    1 

worked  up  again  111  I  i  othnni-e  if  is 

likely  to  blister  in  l!,.  uu. 

The  Venetian  hard  enamel,  such  as  is  to  be  used 
for  the  faces  or  tops  of  dial-plates,  is  selected  wilh 
care,  so  that  the  colour  may  be  piu'c.  It  is  thru 
placed  on  a  piece  of  plat iiium  in  an  enamcUcr's  mnClc, 
and  heated  to  redness ;  it  is  to  be  suddenly  quenehed 
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in  very  clean  spring  -n-ater,  -n-liieK  will  cause  it  to  split  I 
up  into  very  small  pieces,  which  are  ground  in  the 
agate  mortar.  The  enamel  is  broken  up  ia  this  way,  to 
avoid  using  the  hammer  and  steel  pestle,  because,  if 
a  small  particle  of  steel  gets  into  the  enamel,  it  will 
do  mischief.  The  flour  separated  duiing  the  wash- 
ings is  allowed  to  subside,  and  is  added  to  the  galli- 
pot with  that  which  is  used  for  bottoms.  When  the 
enamel  is  ground  sufficiently  fine,  it  is  kept  in  a  wide- 
mouthed  glass  bottle  with  a  glass  stopple,  and 
covered  with  strong  nitrous  acid. 

AH  these  preparatory  steps  being  taken,  we  now 
proceed  to  sliow,  first,  the  method  of  enamelling  with 
soft  glass  enamel.  A  uapkiu  is  laid  on  the  work- 
board,  four  times  doubled :  tlie  copper  is  to  be  held  in 
the  left  hand  with  the  feet  upwards,  and  a  small 
quantity  of  tiie  hard  enamel  for  bottoms  is  taken  out 
of  the  gallipot  on  the  end  of  the  bottom  spatula,  and 
spread  roughly  on  the  copper,  covering  it  closely  up  to 
the  feet  and  centre  holes.  It  is  then  laid  between  the 
folds  of  the  cloth,  till  a  little  of  the  water  is  absorbed, 
when  it  must  be  smoothly  spread,  with  the  convex, 
side  of  the  spatula.  If  too  much  of  the  water  be  not 
removed,  the  euamel  can  be  easily  spread  from  the 
parts  where  it  lies  thickest  to  those  that  are  too  thin, 
until  a  general  evemicss  is  produced.  It  must  then 
be  smoothly  spread  by  drying  it  more  with  the  nap-  , 
kin,  and  spreading  it  again  with  the  spatula,  pressing  ; 
more  lightly  as  the  euamel  gets  dry.  The  centre  hole 
must  be  cleared  out  by  twisting  the  quiU  in  it,  and 
the  operation  of  laying  the  bottom  is  then  completed. 
A  clean  napkin  is  nes.t  folded  and  placed  on  the 
board,  so  as  to  liaug  over  the  edge  about  three  or 
four  inches,  a  weight  being  put  on  it,  to  prevent  its 
being  dragged  down.  When  the  wax  upon  the  laying-  ' 
block  has  been  softened  and  made  of  a  shape  fit  to  | 
receive  the  copper,  the  latter  must  be  placed  evenly 
on,  and  the  feet  pressed  into  the  wax,  til!  the  under 
enamelled  surface  of  the  copper  nearly  touches  it.  Or 
this  is  better  done  by  placing  the  setting  block  on  the 
copper  and  pressing  it  down,  for  in  this  way  the  sliape 
of  the  copper  is  preserved,  and  the  upper  side  seciu-cd 
from  the  perspiration  of  the  hands,  which  might 
the  enamel  to  blister.  The  copper  is  next  br 
clean  with  a  soft  hair  brush,  or  a  hare's  foot,  takuig 
care  uot  to  leave  any  of  the  hard  enamel  on  the  sur- 
face, or  about  the  edge.  Tlie  block  with  the  copper 
ou  it  ib  now  to  be  held  in  the  left  hand,  and  a  small 
quantity  of  the  glass  enamel  is  to  be  taken  upon  the 
end  of  a  flat  spatula,  and  laid  upon  the  copper  near 
the  centre  hole,  takmg  care  not  to  let  the  water 
pass  through  the  centre  hole,  as  that  would  take  the 
enamel  from  the  bottom,  which  could  not  be  re- 
placed without  injuring  the  enamel  on  the  top, 
and  so  the  two  kinds  would  get  mixed,  and  both 
be  spoiled.  When  a  snfiicient  quantity  of  the  glass 
enamel  has  been  put  upon  the  copper,  it  must  be 
roughly  spread,  by  repeatedly  indenting  the  edge  of 
the  flat  spatula  into  the  enamel,  crossing  it  in  all 
directions  till  it  lies  of  a  uniform  thickness  all  over 
the  copper.  The  inequalities  thus  formed  on  the 
surface  may  be  reduced  by  just  tapping  the  side  of 


the  block  two  or  three  times  with  the  edge  of  the 
spatula.  The  water  which  this  operation  wiU  cause 
to  flow  on  the  surface  of  the  enamel,  must  be  dried 
a  little  with  the  corner  of  the  cloth,  but  not  so 
much  as  to  render  the  enamel  difficult  to  be  moved. 
The  side,  or  part  of  the  enamel  which  is  too  thick, 
must  be  reduced,  by  removing  a  portion  of  it  to 
places  that  appear  deficient.  This  is  done  by  spread- 
ing the  spatula  over  the  enamel,  turning  the  block 
rotmd  ^vith  the  fingers  and  thumb  of  the  left  hand, 
till  it  lies  generally  even.  It  is  then  dried  again  with 
the  napkin,  and  the  surface  made  smoother  bypassing 
the  spatula  over  it  in  all  directions,  bearing  a  little 
harder  on  the  enamel  as  it  gets  drier.  As  this  rub- 
bing and  spreading  of  the  enamel  will  attract  the 
moisture  to  the  surface,  and  prevent  the  enamel  from 
lying  smoothly,  it  must  be  di-ied  again  and  laid  by, 
passing  the  spatula  lightly  over  the  surface.  In 
detennining  the  thickness  of  the  enamel,  allowance 
must  be  made  for  its  more  bulky,  granulated  state, 
previous  to  melting.  In  enamelling  the  tops  of  con- 
vex plates,  the  shoulder,  which  is  about  one  quarter  of 
the  distance  from  the  edge  to  the  centre,  should  be  laid 
somewhat  thicker  tliau  towards  the  edge,  because  the 
edge  being  lower  than  the  centre,  the  enamel,  when 
in  a  fluid  state  in  the  fire,  will  flow  down  to  it,  and 
thus  produce  an  equality  of  thickness  on  all  parts 

:  of  the  copper.  When  the  copper  is  covered,  it  must 
be  carefully  removed  from  the  block,  by  gently  raising 
it  with  the  back  of  the  thumb-nail,  under  the  edge, 
and  as  near  each  of  the  feet  as  possible.  It  is  then 
to  be  placed  in  the  covered  tray  and  kept  from  dust,  till 

I  wanted  for  fii-ing. 

In  hard  enamelling,  the  copper,  made  chemically 

'  clean,  is  fixed  on  the  laying  block  as  before,  and  a  coat  of 

I  soft  enamel  first  laid  on,  about  two  thirds  of  the  thick- 
ness of  that  used  in  soft  enamelling.  This  must  be  fired 
till  the  enamel  is  melted  down  to  a  tolerably  smooth 
surface,  and  waen  (old,  should  any  specks  of  dirt  ap- 
pear, tl  ■  It  with  the  point  of  a  square 
grav,  1  ,  obtuse  angle.  The  plate 
mubt  it  time  into  a  solution  of 
nitrijio  ,■  luough  to  cleanse  the  scale 
from  the  edge  of  tlie  copper:  it  must  then  be  washed 
in  clean  water.  The  plate  is  next  fixed  on  the  laying 
block,  the  wax  bemg  made  soft  enough  to  admit  the 
feet  without  any  great  pressure.  A  small  quantity 
of  hard  enamel,  thoroughly  purified  of  the  acid  by 
washing  in  several  waters,  must  next  be  spread 
equally  over  the  whole  suiface  of  the  plate,  and 
the  comer  of  a  clean  napkin  laid  upon  it  to  absorb  a 
portion  of  the  water.  The  enamel  can  then  be  spread 
more  equally  over  the  surface  of  the  plate:  when 
nearly  smooth  and  of  equal  thickness,  it  must  be  dried 
agaui  and  the  spreading  be  continued  for  ten  minutes, 
rubbing  it  eveidy  in  every  direction  tUl  it  is  com 
pressed  as  closely  as  possible. 

The  next  process  is  firing,  by  which  the  enamel  is 
melted  into  a  uniform  mass  on  the  surface  of  the 
copper.  The  apparatus  used  is  a  ling  for  supporting 
the  edge  of  the  dial  while  in  the  fire,  so  that  the  feet 
may  not  come  in  contact  with  any  substance,  or  they 
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would  be  loosened     These  rings  are  made  of  1  part  I 
J  icolay  and  2  puts  black  lexd     To  pre^eut  tl  e  al 
1  cbion  of  the  ei.an  d  to  the  Jii  g    one  part  of  tl     ' 
1  iig  IS  ma  le  like  the  fruotium  of  a  \  eiy  obtube  angl   1 
1  oliow  cone  -nliile  the  othei  side  f  mns  a  j  lane  pe 
)  end  culai  to  the  s  dcs  of  the  cyl  u  li  o  1  i  aits     Tl 
dial  bcii  g  laid  in  the  hollow  side  Mill  j  st  touch  it    I 
the  pait  where  the  coppei  is  baie  and  tl  as  pieveut 
(It,  idhesiou  of  tlve  enanel  esicciilly  if  this  pait  of 
the  luig  be  fiist  ml  bed  wilh  flue  ^^  hitenuig     When 
tl  c  di  li  is  1  hoc  I  on  fhe  n  ig  botl    aie  sot  on  a  fl  it 
cicuhi  stone  01  a  slab  of  Stou  budge  ch>    and  as 
tl  e  dial  m  ist  be  1  ept  tuinu  g  n  fhe  h  e  d  u  i  g  the 
mIioIc  time  of  i  elt  ig  m  ordei  to  be  equally  1  eated 
the  slab  with  tl  e  u  g  and  dul  upon  it  aie  set  ipon 
a  small  piece  of  eh}  moulded  mto  the  segment  of 
a  sjleie   5   luolc     n    1  amctri       The   ei  i  i  ; 
call  this  am 
_nl'  me,  t   a  ta 


s  a  CUV    I  di  1  foi  a  ^vatch  witho  it  a 
B  tl  e  ling    c  the  si  b  or  pUnch  an  1  d 


bias 


el^o 


The  fmnaee  beu  g  ufficici  tly  heated  theena  idled 
[1  tes  must  be  laid  ipou  tie  health  oh  a  i  ig  ot 
piopci  sue  and  they  aio  left  until  the  moi<;fuie  is 
ent  icly  cvapoiated  The  planch  1  a\ing  been  ni-icd 
to  ncaily  a  -nl  ite  heat  in  the  flie  is,  \\  thlia  i  lud 
the  I  late  anl  iiig  s  t  oi  i  as  ne  ily  isiossible  n 
the  eeiitie  mIicu  tie  wh  le  is  to  be  place  I  on  the 
tun  ei  niulei  the  i  ii  fflc  and  kept  in  moti  n  untd  it 
assumes  one  luufoin  siiface  It  n  list  tl  en  be -^vitl 
diawn  -n  itli  tl  e  tongs  and  anotl  ei  tieif  e  1  in  the  sa  i  e 
way  tdl  tl  e  whole  day  s  \voik  is  fiied  this  may  vaiy 
fioin  thice  to  >;  ■i  lozcn  plites 

It  seldon  Inpp  is  tl  t  a  jlate  \vill  come  out  ( 
tl  e  fie  fiee  fiom  s  nail  black  oi  gieeu  s]  cd  s     Tl 


i 


11    I 


motion  until  a  white  heat  is  attained  This  being 
do!  p  it  m  1st  1  0  t  ken  out  uf  fhe  flie  and  blown  uj  ou 

t     t       I        1    I  1  a  few  seconds  and  mmediately 

I  I     t     this  will  bung  out  a  beaufilu 

1  whiteness  not  aftamtd  bj  oil  ci 

I        I  effect  bcuig  pi  oduced  the  jl  t^. 

1      t  1     \   fl  1  iwn  and  set  to  cool  gi  idually     If 

fiee  fiom  specks  the  jlate  is  leady  for  the  next  pic 

cess     if  specks  exist   they  cm  only  be  leu  ovcd  w  th 

the  giavei    (om  ttii  ^  the   ism^off)  and  the  fiiig 

m  st  be  rc]  e  ited 

In  f  img  1  ud  enamel  dials  the  heat  n  ust  not  be 
so  gicit  and  the  ilatc  i  ist  be  taken  fiom  tl  e  f  c 
as  soon  as  fhe  enamel  is  loimd  to  foim  a,  tolei  biy 
compact  body 

rhc  horns,  le  aie  painted  on  the  dial  in  a  soft 
blaol  enamel  piepaied  foi  the  puij  nso  It  is  gio  md 
very  fine  m  an  agate  moitai  and  n  i\ed  with  oil  of 
spike  \\\  endei  untd  sufficiently  diluted  A  n  aik  is 
n  ade  w  ith  a  file  on  the  c  Igc  of  the  dial  to  md  cate 
the  phee  of  nu  iber  \II  Then  with  tl  e  assist  cc 
of  a  d  vision  jl  te  ail  its  mlex  the  li  is  c 
sbghlly  tiaced  fiom  the  ccntie  with  a  b  1  le  1 
pened  The  cue  ilai  lines  wl  ich  cent  1 1  tl  o  1  \  b  u  s 
of  the  hours  minutes  le  aie  prc-sirUbU  ti  cclwiti 
compasses  one  point  of  whcl  is  fuiuslel  w  (1  \ 
cone  and  the  olhei  with  a  lo  t  ciajon  and  jc  c  1 
TVlien  the  pamt  ng  is  peifeotly  diy  the  dul  is  o  cc 
1  lie  fired 

The  lougomg  defads  contain   lost  of  tlio  piocc  s  s 

of  the  enanellei      In  oinamei  tal  enaielhig  wlcn 

the  enamel  is  not  infcnle  1  to  co\ei  tl  e  whole  suif  ce 

of  riie  jlate    t  is  i  ocessaij  to  foi  i  alodgnent  foi 

it     llie   outlmcb  cf  fie  ties  ^n  ae  tlieietorc  fist 

diav      \\    1  fh    ihfew  th   i  1  lack  lead  peno  1  a   1 

i  I  giavei      lie   «i   ces   enclose  1 

1  the  design  mubt  tl  en  bo  d  ci 

equal  to  tie  height  wh  eh  wo  ill 

1  1         I        1  1      1  1  1    Itleihfe 

II    \ei      Tl  b 


1  and  the  plate  i 
ug  tl  e  suiface  on 
1  until  the  gl  ze 
f  1  1  101  gh  smf  u 


c  se  whtencs=   and  beaitiful  opac  t^ 
"■ell    tl  e  plates  aie  blushed  w  If  ha 


tie  le    fl      1  tl     1  „     1     lb  1      t    ,    - 

1  caiei  to  the  fire  until  it  attains  such  a  heat  as  w  11 
pern  it  it  to  be  phced  m  the  hottest  part  witlojt 
dan"ei  of  e  dm-  Tl  e  i  -ail  plate  aie  fliPti 
liffcl  1101  tic  ilaich  wtl    fie  I     ^sanllcit    i 


)    1    b   i 
1  1       lb  I  lb  so  thm 

a  tl  ose  p  Its  as  to  si  ow  the  metal  tl  i  igli  The 
oftom  of  the  lodgments  foi  tl  e  enan  d  must  be 
1  gl  tly  1  ltd  I  01  101  gl  e  ic  I  w  ith  the  en  1  of  a  s  nail 
filei  file  lioktn  sq  lare  aeioss  foi  the  puipo«e  of 
fioi  1  ng  a  1  ol  1  to  tl  e  enamel  The  plate  is  then 
hoioughly  cleaned  and  is  next  covered  with  a  coat 
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for  if  ii 
off. 


ntcil  cold,  it  w 


contact  -witli  the  ridges  or  borders  of  the  design. 
The  spatula  used  in  spreading  the  enamel  is  shown 
iu  two  positions  a  and  b,  Eig.  839.  A  form  of  tongs 
used  by  enamellers  is  shown  in  Eig.  S60. 

In  some  cases  the  design  is  produced  by  stamping 
a  steel  die  upon  a  gold  strip,  and  the  hoUows  thereby 
produced  are  filled  up  with  differently  coloui-ed 
enamels  by  means  of  a  steel  point.  This  method 
calls  for  tlie  display  of  much  skill  and  taste  on  the 
part  of  the  enanieller.  The  enamels  are  mixed  with 
water  or  with  oil  of  lavender,  according  to  circum- 
stances ;  several  layers  are  usually  applied,  the  object 
being  fired  between  the  application  of  every  two 

Previous  to  firing,  the  plate  is  laid  upon  a  piece  of 
sheet  iron,  Fi;;.  Sfil,  pierced  with  small  holes,  and 
put  upon  hot  ashes 
to  e.xpel  the  moist- 
■  ic  it  to 
the  proper  tempera- 
ture for  introducing 
it  into  the  muiBe; 
.use  the  enamel  to  ily 


ig  of  cast-iron  vessels  and  other  hollow 
ware  for  saucepans,  &c.,  is  an  art  which  was  introduced 
in  the  year  1799,  and  again  iu  1S39.  In  the  latter 
case,  large  sums  of  money  have  been  expended  in  per- 
fecting the  processes,  taking  out  patents  and  contesting 
the  patent  right.  In  tlic  former  year.  Dr.  Hickhng 
obtained  a  patent  for  a  process  for  lining  iron  vessels, 
&c.  by  fusion  with  a  vitrifiable  mixture,  of  which 
there  were  four  kinds  : — 

The  finl  was  composed  of  6  parts  calcined  flints, 
2  parts  of  composition  or  Cornish  stone,  9  parts  of 
litharge,  6  parts  of  borax,  1  part  of  argillaceous  earth, 
1  part  of  nitre,  C  parts  of  c;i]s  of  tin,  and  1  part  of 
purified  pota.sh. 

The  second  consisted  of  S  parts  of  calcined  flints, 
8  red  lead,  6  borax,  5  calx  of  tin,  and  1  of  nitre. 

The  third,  13  of  potter's  composition,  S  borax,  10 
white  lead,  2  nitre,  1  white  marble  calcined,  1  argilla- 
ceous earth,  2  puriflei!  potash,  and  5  calx  of  tin. 

The  fourth,  4  of  calcined  flint,  1  potter's  composi- 
tion, 2  nitre,  8  borax,  1  white  marble  calcined,  \ 
argillaceous  earth,  and  2  calx  of  tin. 

Each  composition  to  be  finely  powdered,  mixed,  and 
fused :  when  cold,  the  residting  vitreous  mass  is  to  he 
ground,  sifted,  and  Im-igated  with  water.  It  is  next 
mixed  up  with  water  or  gum-water,  and  brushed  over 
the  interior  of  the  vessel  to  be  coated,  and  then  fused 
iu  a  muffle. 

The  fusibility  of  the  coating  is  to  vary  according 
to  the  heat  which  is  to  be  applied  to  the  vessel  when 
in  use.  For  this  purpose  the  proportions  of  the 
sUieeous  and  fluxing  materials  were  varied.  The  use 
of  lead  in  this  process  is  very  dangerous,  and  ought 
on  no  account  to  be  allowed. 

In  May  1839,  Messrs.  Clarke  obtained  a  patent  for 
coatmg  iron  saucepans,  in  such  a  way  as  to  prevent 
the  enamel  from  cracking  or  splitting  from  the  effects 
of  fire.     The  vessel  is  first  cleaned  with  dilute  sul- 


phuiic  acid,  then  boiled  in  pure  water.  The  compo- 
sition is  next  applied.  Tliis  consists  of  100  lbs.  of 
calcined  ground  flints  and  50  lbs.  of  borax  calemcd 
and  finely  ground:  the  mixture  to  be  fused  and 
gradually  cooled.  401bs.  of  this  mixture  is  then 
ground  with  water  with  5lbs.  of  potter's  clay,  into  a 
pasty  mass,  such  as  -wiil  form  a  coat  on  the  Laner 
surface  of  a  vessel  about  ^  inch  thick.  This  coating 
is  set  by  putting  the  vessel  iu  a  warm  room.  The 
second  coating  or  olazimr  i?  tlirii  aiiplied.  This  con- 
sists of  1251^-  ■  iiliout  lead,  25lbs. 
of  borax,  201  ,n,  all  pulverized 
together  and  \  1                              ,,iii  ground,  cooled 


ellb. 


of  soda  is  to  be  added ;  tiie  whole  mixed  ii 
water,  and  when  dry,  pounded.  A  portion  of  this 
powder  is  sifted  finely  and  evenly  over  the  internal 
surface  of  the  vessel  while  the  first  coating  is  still 
moist.  The  vessel  is  dried  iu  a  stove  at  the  tem- 
perature of  212°:  next  heated  gradually  in  a  kiln 
or  muffle  until  the  glaze  fuses.  The  vessel  is  then 
taken  out  and  glaze  powder  is  dusted  over  the  glaze 
already  in  fusion,  and  the  vessel  is  again  heated. 
This  iiirdios  the  enamel  smoother  and  sounder  than 
can  lj>  '  .'.V,  :,  '  ; ;,  a  -iiide  application. 

Li.  ,  :  A'.-srs.KenrickofWestBrom- 

wicli  -    .  :  arket  enamelled  saucepans  of 

cast-ii  1.  Ah --;-.  I.;.;  ke  instituted  legal  proceedings 
against  I  hem;  but  they  were  not  able  to  maintam 
their  patent  right  in  a  court  of  law. 

Dr.  Ure  gives  the  following  dimensions  for  an  oven 
or  muffle  used  for  coating  metals  with  enamel : — "  The 
outside  8  feet  square  with  14-inch  walls ;  the  interior 
muffle  4  feet  square  at  bottom,  rismg  6  inches  at  the 
sides,  and  then  arched  over;  the  crown  may  be  IS 
inches  high  from  the  floor;  the  muffle  should  be  buUt 
of  fire-brick  25  inches  thick.  Another  arch  is  turned 
over  the  first  one,  which  second  arch  is  7  inches 
wider  at  the  bottom,  and  4  inches  higher  at  the  top. 
A  9-inch  wall  under  the  bottom  of  the  muffle  at  its 
centre  divides  the  fire-places  into  two,  of  16  inches 
wide  each,  and  3  feet  3  inches  long.  The  flame  of  the 
fire  plays  between  the  two  arches  and  up  through  a 
3-inch  flue  in  front,  and  issues  from  the  top  of  the 
arch  through  3  holes  about  4  inches  square.  These 
open  into  a  flue  10  x  9  inches,  which  runs  into  the 
chimney. 

"  The  materials  for  the  enamel  body  (ground  flint, 
potter's  clay,  and  borax)  are  first  mixed  together 
and  then  put  iuto  a  reverberatory  furaace,  6  feet  6 
inches  long  by  3  feet  4  inches  wide  and  12  inches 
high.  The  flame  from  an  IS-inch  fire-place  passes 
over  the  hearth.  The  materials  arc  spread  over  the 
floor  of  the  oven  about  6  inches  thick,  and  ignited  or 
fritted  for  4  or  5  hours,  until  they  begin  to  heave  and 
work  like  yeast,  when  another  coating  is  put  on  the 
top,  also  6  inches  thick,  and  fired  again;  and  so  on  the 
whole  day.  If  it  be  fired  too  much,  it  becomes  iiard 
and  too  refractory  to  work  in  the  muffles.  The  glaze 
is  worked  in  an  oven  similar  to  the  above.  It  may 
be  composed  of  about  one-half  borax  and  one  half  of 
Coriush  stone  in  a  yellowish  powder  procured  fi'om 
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onamel  of  \ 
Tlio 


rirs.  This  ib  flitted  for  10  hours  and  then 
0  a  glass  which  is  giouud  up  for  the  glaze."' 
oimeluding  tliis  article  we  must  notice  the 
aiiiclliug  by  thn  lamp,  by  which  small  articles 
[■lied  from  (iibos  and  rods  of  glass,  and  of 


uicUcr's 


arranged  for  fot 
of  double  bellows  I),  '■i  i  iii  >!  i  i  i  i  m  i  i  ,i  (un- 
of  the  men  for  the  pmpoio  ol  jirouur-uig  a  hiast  iiom 
a  tube,  which  acting  on  the  flame  of  each  lamp  after 
the  manner  of  a  blowpipe,  Iciigthons  it  and  contracts 
it  into  a  narrow  point,  the  heat  of  which  is  very 
great.     Below  the  table,  and  in  its  tliickuess,  are 


neck,  forms  the  head,  the  beak  and  the  tail;  afler 
wliich,  with  a  solid  lod  of  enamel  of  the  proper 
colour,  he  makes  the  eyes ;  lastly  he  opens  the  beak, 
forms  the  wings  and  feet,  and  the  rude  resemblance 
of  a  swan  is  finished. 

Ear  more  beautiful  and  satisfactory  is  the  produc- 
tion of  that  elegant  substance  knoAvn  as  spun-glass, 
which  the  enamellev  makes  in  the  following  manner : 
— He  takes  a  slip  of  plate-glass  and  makes  it  red 
hot :  he  then  di-aws  it  out  into  a  thread  with  pincers 
and  attaches  it  to  a  reel,  which  he  moves  rapidly 
ro\ind,  holding  the  slip  of  glass  all  the  time  in  the 
point  of  the  flame.  In  a  short  time  a  skein  of  glass 
is  formed  of  great  fineness  aud  of  tlie  lustre  of  satin. 
By  using  rods  of  different  colours  the  glass  threads 
may  be  varied  in  a  beautiful  manner.  A  tuft  of 
spun-glass  fixed  upon  a  poiut  upon  the  prime  con- 
ductor of  an  electrical  machine  in  action  is  a  striking 

The  enameller  also  makes  artificial  eyes,  and  if 
skilfid  he  will  so  imitate  the  colours  of  the  natural 
eye  that  it  is  difficult  to  distinguish  it  from  the  real 


git. 


grooves  covered  ^vitll  parchment,  which  serve  to  con- 
duet  the  blast  to  glass  tubes  placed  opposite  each 
hiiiip.  These  tubes  or  blowpip'cs  A  A  are  of  glass, 
curved  at  tluir  upper  ends  so  as  to  direct  the  blast  i 
into  the  middle  of  the  flame ;  and  they  arc  adjusted  [ 
by  being  held  in  a  perforated  cork,  which  exactly  fills  i 
aud  closes  the  hole  in  the  table.  When  only  one  ^ 
person  is  at  work,  he  sits  before  the  lamp,  which  is 
close  to  the  pedal  of  the  bellows,  aU  the  other  blow-  j 
pijii'S  bein.;  n  -  '  i.ll'  In  h-s  closed  with  corks. 
A  -Kr.de  of  1 1  i  i  i    ,         I  u. .  r  the  flame  to  shield 

flic  iiKiu'v  I  I  lid  glare,  the  tip  of  the 

fl  line  bi  111!,  I    I  ■       II  I  liy  day  the  apartment  is 

inieisiuu  by  thi  li^lit  of  his  lamp  than  by  the  mi.\.tuie 
of  ailillinl  ,1'ul  iiitural  light.  "When  at  work,  he 
holds  m  his  kit  IkukI  the  work  to  be  executed,  or  the 
iron  or  brass  wircb  which  serve  to  support  the  figure: 
he  then  conducts  with  his  light  hand  the  thread  or 
bead  of  enamel  softened  by  the  flame  of  the  lamp. 

The  manipulations  of  the  enameller  canuot  well  be 
described.  They  are  the  result  of  much  practice, 
wliich  ought  .to  be  directed  by  good  taste.  The  glass 
and  enamelled  toys  which  are  usually  sold,  are  sadly 
deficient  in  taste,  however  much  we  may  admire  the 
manual  skill  with  which  they  are  produced.  As  an 
example  of  this  kind  of  work,  suppose  the  enameller 
i'i  about  to  form  a  swan.  He  takes  a  tube  of  white 
enamel,  closes  oue  end  of  it  with  the  flame  of  the  1 
lamp,  and  when  sufficiently  heated,  he  blows  it  into  ' 
a  kind  of  bottle,  to  wliich  he  gives  the  shape  of  the 
body  of  the  bird :  he  then  lengthens  and  bends  the 


1  di-siics  a  more  intimate  acquaint- 

I        I  ^  1  c  li  ned  to  the  works  quoted 

mII(  d  in  the  preparation  ol 

ENCAL.  lU    IILL  ,  o,  l  Tottery  &  Porcelain. 

ENDOSiMObE  and  E.VUSMOSE,  see  Capill-vry 
Attractios,  Cye.     See  also  Dialysis,  App. 

ENGINE,  a  compound  machine,  iuoluding  one  or 
more  of  the  nieehanical  powers,  as  levers,  pulleys, 
screws,  &o.  Its  object  is  to  raise,  cast,  or  sustain 
any  weight,  or  produce  any  effect  which  could  not 
otherwise  be  readily  accomplished.  The  word  is  said 
to  be  derived,  through  the  Erench,  from  the  Latin 
iixjcnum;  because  of  the  ingenuity  required  in  the 
contrivance  of  engines  to  iuereasc  the  effect  of  moving 
powers. 

The  word  Machine  also  signifies  anything  used  to 
augment  or  to  regulate  moving  forces  or  powers ;  or  it 
is  any  iustrumciit  employed  to  produce  motion,  so  as  to 
save  cither  time  or  force.  The  word  is  derived  from 
lirixav^,  Machine,  intention,  art ;  and  it  is  therefore 
properly  applied  to  any  agent  iu  which  these  arc  com- 
bined, whatever  may  be  the  strength  or  solidity  of 
the  materials  of  wliich  it  is  composed.  The  term 
machine,  however,  is  commonly  restricted  to  a  certain 
class  of  agents  whieli  hold  a  middle  place  between 
Tools  n,    f   -,  i  1  the  more  complicated 

andpnv,    I    ,  , 

EN(,1  si  '        I  VEERING.    Euginecris 

a  term  a|ii  m  '  i  i  '  <  (  I  i  ,iie  employed  iu  devising 
orformiDgeiigiiieb  or  nLKliinns,  aud  in  diixetiny  their 
applications.     The  duties  of  the  engineer  aio  di\ided 
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into  miUtary  and  civil.  The  duties  of  tlie  mUilary  eu- 
giiieur  (since  CYcrytliing  relating  to  the  service  of  artil- 
lery is  now  confided  to  a  parfirulnr  r.-,l-[-.;^  rn-n|''-;  'iriiil 
the  construction  of  fortificii ;  I     1  i     ii    . 

temporary,  including  the  ti   ;  i    ; 

quired  iu  sieges;  also  of  li::f  .(  .-.  i,  _  ".  ,  ;i,  .1 
other  works  connected  with  ^^•ar.  In  I'ruucc,  the 
title  of  engineer  is  given  to  those  who  are  engaged 
in  trigonometrical  surveying  and  in  the  practice  of 
naval  arfhitcr I uic.  Thus  the  Erench  have  a  corps  of 
iitr/c/ii:-'!  ■  ,  .,  '  ,  .  \  ii,f,'nieursi'hydTographie,zxA 
of /;/<//.      '        ■      ,    .'     - 

Milii.,1  >  I  h- iiiiu  Will  not  occupy  our  attention 

iu  tills  work  ;  bul  the  various  important  branches 
and  raniilieations  of  civil  engineering  vnll  be  considered 
under  their  respective  heads.  The  profession  of  the 
civil  engineer,  as  dclined  in  the  Charter  of  Ineorpora- 
rs,  London,  is, 


"Thp, 


CCS  of  p 


s  the 
l,>rudL,L;.,:i  :,iij  uf  tralEc  in  states  both  for 
external  and  internal  trade,  as  applied  in  the  con- 
struction of  roads,  bridges,  aqueducts,  canals,  river 
navigation,  and  docks,  for  internal  intercourse  and 
exelKm^v;   ;,,i,l  ^l  i'.r  ,-,.r.'nH  i'.^i  ..f  ,  .-iN,  l:;iihours, 


of  na- 


macliiuery ;  and  iu  the  drainage  of  cities  and  towns." 
Civil  engmeering  is  both  a  science  and  an  art :  as  a 
science,  it  includes  the  general  principles  of  mechanics 
and  construction ;  shows  how  we  may  ascertain  the 
strains  to  which  a  structure  is  exposed ;  the  dimen- 
sions aud  proportions  which  should  be  given  to  its 
several  jiarfs,  so  as  to  be  able  to  resist  such  strains 
without  iiijun,      \^  ail  ,,,',  r\\'\  ciii^iueering  shows 

how  .-rii  I  I     ■     ■     i         I'Hrd  to  the  eou- 

strucii"  i  11  :i!id  modified  so 

The  civil  engmeei-,  being  concerned  in  almost  every 
kind  of  eoustruetiou,  ought  to  be  a  highly  accomplished 

man  of  ^ficnfo  :  nivl,  i'lileed,  there  are  few  men  in 
any  pmi'.  ,  ,  '  .  ,  ;  .(immaud  so  large  an  amount 
of  EC  ill,'  '  ;         i  ,1  knowledge  as  the  civil  en- 

giiinr.      I  :    i!-.  II- rlassified  arrangement' of  the 
I    \-    :I  I'   .  I.  M  ,  (,r  civil  engineering,  with  their  sub- 
■     lint  only  serve  to  show  the  extent  of 
I        I  .:  will  guide  the  student  in  pursuing  a 

s.  1 1 1 1  I  •  I     i  '  I  1 1  ic  in  the  attainment  of  his  professional 


SV.N'OPSIS  OF  THE  SCIENCE  OF  CiVIL  E: 

I.  MENSURATION. 

I.  SuiiVEYixG. — 1.  Description  of  uistruments  ; 
thoii-  use  and  adjustment.  2.  Surveying  in  general. 
3.  Tiigononietrical  surveying.  4.  Hydrographical 
surveying.     5.  Mining  surveying. 

II.  Levelling.— 1.  Levelling  instruments;  their 


use  aud  adjustment.  2.  Practice  of  levelling.  3. 
Measuring  heights  with  the  barometer. 

lit.  l>"\wixG  ANB  Plotting.— 1.  Instruments 
r  '1   iiud  plotting;   their  use.     2.  Plottmg 

I  innkuig  plans.  3.  Plotting  levels  and 
I  ,',  11-  -'  i  iinus.  4.  Preparing  parliamentary  plans 
and  sections.  5.  Preparing  working  and  contract 
plans  and  sections.  G.  Preparing  detail  drawings  of 
works  (bridges,  &c.).  7.  Making  mechanical  drawings. 
8.  Principles  of  jjrojcction.  perspective,  and  shadows. 

]  \' .  1  \  1 1  •  M  M  M ,  —  1 .  Taking  out  quantities  from 
drawn.  '     \!         i  iis;  quantities  from  the  works 

thriiiMnr  :-.  \1.  ,i~iiiiiig  artificers' work.  4.  Cal- 
culating, measuniig,  and  valuing  earthwork.  5.  Esti- 
mating value  or  cost  of  works. 

V.  Setting  out  Works. — 1.  Centre-lines  and 
side-widths  of  railways,  roads,  canals,  &o.  2.  Setting 
out  bridges,  viaducts,  walls,  &e.  3.  Setting  out  tun- 
nels and  driftways. 

II.  GENERAL  CONSTRUCTION. 

I.  Statics. — I.  Composition  and  resolution  of  pres- 
sures. 2.  Moments  of  pressures.  3.  Parallel  pres- 
sures, aud  the  centre  of  gravity. 

II.  Stability  of  Stkuctukes. — 1.  General  con- 
ditions of  stability.  2.  Stability  of  polygonal  framings. 
3.  Equilibrium  of  arches.  4.  Stability  of  abutments 
and  iiii^v^,     5,  Stniiilily  of  retaining  walls.     6.  Equi- 

]||  ,:  i  \i  MEMALS.—l.  To  resist  a  ten- 
sile,1 1  !  ,  :  I  2.  Elasticity  and  elongation 
of  liM.;:  I  I  Iriiiile  or  crushing  strain.  3. 
Wlini  ,  .  i  ■  .  ii.iiisversestrain.  4.  Elasticity 
aud  cl.  '     '■  I  ■<   subjected  to  a  t 


IV.  IMaterials  e:u ployed  in  Construction. — 1. 
Metals.  2.  Timber.  3.  Natural  stones.  4.  Arti 
ficial  stones,  including  bricks,  concrete,  and  the  various 
cements  used  in  masonry.  5.  Materials  for  earth- 
works, such  as  embankments,  puddled  banks,  dams, 
&e.  6.  Materials  for  roads  and  pavements.  7.  Ma- 
terials for  covering  roofs. 

V.  Different  Kikds  of  Construction.— 1.  Brick- 
work. 2.  Masonry.  3.  Eorming  Foundations.  4. 
Carpentry. 

VI.  Auxiliabs  employed  in   Construction.— 

1.  Scaffolding,  fixed  and  traveUing.     2.  Centerings. 

3.  Cofi'cr-dams. 

Ill  MECHANICS,  OR  CONSTRUCTION 
OF  MACHINERY. 

I.  Dynamics. — 1.  Vis  viva,  momentum,  aud  work. 

2.  Motion ;  uniform,  accelerated,  or  retarded ;  gravi- 
tation.    3.  Collision  and  impact  of  moving  bodies. 

4.  Motion  down  incUned  planes  and  cui-ves.  5.  Mo- 
tion about  fixed  centres  ;  centres  of  percussion,  oscil- 
lation, and  gyration. 

II.  Moving  Eorces.— 1.  "Water  as  a  meehauical 
agent.  2.  Air  as  a  mechanical  agent.  3.  Animal 
strength  as  a  mechanical  agent.  4.  Heat  as  a  me- 
chanical agent ;  the  steam-engine. 


ENGINEER  AND  ENGINEERING. 


III.    Resistaxc 
Resistance  of  the 


3  Motion.— 1.  Frictiou.    2. 
um  through  which  the  body 


IV.  Theory  op  ilAcuiXES.— 1.  Elements  of  ma- 
chinery. 2.  Teeth  of  wheels,  racks,  and  pinions.  3. 
Transmission  of  work  by  machinery.  4.  Determining 
the  modulus  of  a  machine  in  motion.  5.  Mechanical 
expedients  for  transmitting  or  changing  motion.  6. 
Proportioning  the  strength  and  dimensions  of  ma- 
cliiuery. 

V.  Machines  employed  in  Engineebing. — 1.  Ma- 
cliines  employed  for  transporting  and  raising  materials, 
such  as  crabs,  cranes,  drcdging-macliines,  &e.  2.  Ma- 
chines employed  m  actual  construction,  such  as  pdc- 
driving  engines,  exeavatuig  machines,  pumps,  diving- 
bells,  pug  and  cement-mills,  &c.  3.  Machines  for 
working  upon  materials,  as  lathes,  boring,  planing, 
mortising,  riveting,  and  screw-cuttmg  machines,  saws, 
&c.  4.  Implements  and  tools  for  excavating,  boring, 
working  in  wood,  metals,  stones,  &c. 

IV.  SPECIAL  CONSTRUCTION. 

I.  CoiiMOx  Roads. — 1.  Principles  wliich  should 
control  the  selection  of  route.  2.  Laying  out  roads, 
and  arrangement  of  gradients.  3.  Construction  of 
roads.  4.  Draining  roads.  5.  Repair  of  roads.  0. 
Protecting  then-  surface  by  different  kinds  of  pave- 
ment. 

II.  Railways. — 1.  Principles  which  should  deter- 
mine the  route,  and  the  general  arrangement  of  the 
curves  and  gradients.  2.  Different  systems  of  haulage ; 
the  locomotive,  the  atmospheric,  and  the  rope.  3.  Of 
the  general  construction  of  the  railway.  4.  Of  the 
permanent  way ;  different  forms  of  rails,  switches,  &c. 
5.  Of  draining  the  line,  and  maintaining  the  slopes 
and  pei-maneut  way.  6.  Ai-rangement  of  termini  and 
stations.  7.  Construction  of  engines  and  carriages. 
8.  System  of  working  the  line. 

III.  Canals.— 1.  Prmciples  which  should  deter- 
mine the  choice  of  the  line  of  a  canal.  2.  Arrange- 
ment of  levels ;  number  of  locks,  and  form  of  section. 
3.  General  construction  of  canals.  4.  Arrangement 
of  locks;  mr;iii;  rf  .,,;ii:;  water,  and  obtaining 
feeders.     5.  yi   '     '     -i'  i  i      I'-^iuu,  or  tomng,  and 

n  of  aqueducts. 


7.  Repair  aiul  \ 
IV.    Hakbou 
struetion  of    piei 
2.  On  the  m 


aals. 


AND  Docks.— 1.  On  the  con- 
,  breakwaters,  and  quay  w-aRs. 
IS  of  deepening  harbours,  by  di'edging 
or  excavation.  3.  Selection  of  site  for  docks,  and 
their  arrangement.  4.  Construction  and  arrangement 
of  locks,  cast-iron  and  timber  gates,  sluices,  &c. 
5.  Construction  of  dock  walls. 

V.  Bridges.— 1.  Selection  of  site,  and  determi- 
nation of  the  kind  of  bridge.  2.  Construction  of 
stone  and  brick  bridges.  3.  Construction  of  iron 
and  timber  bridges.  4.  Construction  of  suspension 
bridges.  5.  Construction  of  radway  viaducts.  C.  Of 
foniiiug  the  foundations  of  Ijridges. 

VI.  Tl-xnels.-L  Determination  of  the  form  and 
dimensions  of  the  tuimel.  2.  Method  of  excavating 
and  seouruig  the  ground.     3.    Sinking  shafts,  and 


driving  hcachngs  or  drift-ways.    4.  Method  of  draining 
the  tunnel.     5.  Subaqueous  tunnels. 

V.  HYDRAULIC  ENGINEERING. 

I.  lIvDUAULics.— 1.  The  science  of  hydi-ostatics. 
2.  ll.Y.lrodynamics.     3.  Pneumatics. 

II.  Dkainage  and  Irrigation.— 1.  Drainage  of 
open  country  and  agricultural  districts.  2.  Improve- 
ment of  outfall,  and  diversion  of  water  from  other 
districts.  3.  Surface  draining;  catch-water  drains, 
and  under  draining.  4.  Drainage  of  bogs  and  marsh 
lands.  5.  Of  warping  up,  and  reclaiming  lauds  from 
the  sea  and  rivers.  C.  Drainage  of  towns.  7.  Eorm, 
dimensions,  and  declivity  proper  for  sewers.  8.  Of 
the  collection  and  disposal  of  the  sewage. 

III.  Supply  op  Water  to  Towns.— 1.  Principles 
which  should  guide  the  choice  of  the  means  of  supply. 
2.  Different  souixes  of  supply ;  from  the  water-shed 
of  the  country,  from  springs  and  Artesian  wells,  or 
from  large  rivers.  3.  Means  of  estimating  the 
qnautity  required,  and  of  aseertainuig  the  probable 
supply  and  the  quality  of  the  water.  4.  Systems 
of  supply;  the  constant  or  high-prcssui-e  system, 
and  the  intermittent.  5.  Selection  of  site  for  reser- 
voirs. G.  Constmotion  of  reservoirs.  7.  Contriv- 
ances for  raising  the  water  to  the  level  of  (lie  high 
reservoirs.  8.  Of  the  means  of  filtering  and  purifying 
the  water,  and  of  the  construction  of  the  fdtcr 
beds.  9.  Of  the  motion  of  water  ui  pipes,  and  then: 
discharge. 

IV.  Marine  Engineering. — 1.  Action  ot  waves 
and  currents;  their  modification  by  the  contour  of 
the  shore,  and  the  depth  of  water.  2.  Their  action 
on  the  shore,  on  beaches,  on  vertical,  sloping,  and 
curved  walls,  and  generally  on  any  obstacle.  3.  On 
the  regime  of  coasts,  and  their  preservation.  4.  Con- 
struction of  sea-walls,  embankments,  breakwaters, 
piers,  and  other  structni-es  exposed  to  the  action  of 
the  sea,  more  particularly  as  regards  their  form. 
5.  Principles  which  shoidd  determine  the  scloction 
of  the  site  for  a  harbour,  and  the  arrangement  of  its 
form.  6.  On  the  causes  which  produce  shoals  and 
bars.  7.  Means  of  keeping  harbours  free  from  such 
obstructions,  or  of  removing  them  where  already 
existing.  8.  On  the  improvement  of  harbours  and 
sea  channels. 

V.  Improvement  op  Rivtsrs.- 1.  On  the  tidal 
wave  at  the  mouth  of  rivers,  and  its  modification  in 
passing  up  the  river.  2.  Principle  of  the  conservation 
of  tidal  force.  3.  On  the  antagonist  agencies  of 
the  tide  and  land  waters  in  rivers,  and  the  means 
of  determining  which  of  these  should  be  as.'^istcd ;  of 
the  rvgimo  of  rivers.  4.  On  the  form  of  the  shore- 
line of  rivers,  and  their  improvement.  5.  Of  the 
junction  of  rivers.  C.  On  the  velocity  of  the  stream ; 
its  scouring  and  transporting  ))ower  compared  with 
the  nature  of  its  bed.  7.  Effects  of  projections, 
in-egnlaritics,  and  obstructions,  sucli  as  dams  and 
weirs.  8.  Of  the  formation  and  removal  of  shoals  ; 
their  causes ;  of  artificial  scouring  and  sluicing. 
9.  Of  the  shoals  formed  at  the  mouths  of  rivers; 
their  cause  and  prevention. 


VI.   SCIENCES  COLLATERALLY 
CONNECTED  AVITH  ENGINEERINC, 

I.  SoM-iTdLOGY,  or  the  properties  of  mattei 

II.    CllF.MIt.il   PllILOSOrUY. 

HI.  Geiiliii;\  and  Mineralogy. 
IV.  Natika  ,  History. 

V.    PlIYSICU,   GeoGE^VPUY   aud  HYDKOGBlPnY 

VI.  Mathematics. 

VII.  Acoustics. 
Of  all  these  sciences  a  certain  amount  of  know 
ledge  is  requu-ed  by  the  civil  engineer ;  but  of  '<ome 
more  thau  others,  depending,  iu  a  great  n  eisuie 
upon  those  particular  branches  of  the  profession  to 
whicli  he  may  more  exclusively  direct  his  attention 

ENGRAVING.  The  process  of  engraving  is  one 
in  which  the  fine  arts  and  the  useful  arts  aie  equally 
brought  into  requisition.  In  the  first  place  theie  is 
the  painting  or  iluished  drawing  of  which  c  i  leo  aie 
to  be  made ;  this  is  the  work  of  an  individual  i  imd — 
the  result  of  the  labour  of  individual  hands  the 
gcuius  of  the  artist  has  brought  it  into  existence  and 
it  is  stamped  at  once,  by  the  ideality  displayed  theiem 
as  belonging  to  the  fine  arts.  In  the  second  place 
there  is  the  faithful  copy,  wrought  out  by  the  gi  ivci  t. 
tool  on  a  substance  from  which  numerous  impres- 
sions can  be  taken :  this  is  no  longer  an  individual 
work,  but  one  of  a  imdtitude ;  it  is  capable  of  being 
carried  on  simply  by  a  clever  use  of  tools  iu  the  hands 
of  faithful  copyists.  Observation  and  imitation  are 
needed,  as  well  as  a  great  degree  of  skill  and  taste  in 
transferring  the  subject  to  the  new  material,  but 
origuial  ideas  are  not  required :  this,  therefore,  must 
of  necessity  be  ranked  as  a  usefid  art — useful,  as 
widely  diffusive  of  the  pleasure  conveyed  by  the  fine 
arts ;  and  likewise  useful,  as  aflbrding  a  field  of  remu- 
nerative laliour  to  thousands  of  individuals  who  may 
be  constitutionally  unfitted  for  other  employments. 

But  while  engraving  must  thus  take  its  place  among 
tlie  useful  arts,  yet  it  must  not  be  denied  that  in 
order  to  have  the  true  spii'it  of  the  subject  conveyed 
to  an  engraving,  something  more  than  ordinary  skill 
and  successful  imitation  is  demanded  of  the  engraver. 
It  has  been  well  remarked  by  a  fastefid  writer,'  that 
'■the  engraver  is  to  the  painter,  what  the  translator 
is  to  the  author.  As  it  is  impossible  to  give  a 
spirited  translation  of  a  work  of  genius  without  a  por- 
tion of  the  author's  fire,  so  it  is  essential  to  a  good 
engraver  that  he  should  feel  and  miderstand  the 
character  of  the  origuial,  and  be  initiated  into  the  art 
of  drawing,  that  his  copy  may  at  once  be  correct  and 
spirited."  But  for  tliis  gift  displayed  in  the  works  of 
many  of  oiu-  best  engravers,  we  should  stiU  fail  of 
the  enjoyment  the  art  is  calculated  to  produce  in  the 
faithful  rendering  of  the  pictures  of  the  first  masters, 
and  the  multiplying  of  such  instructive  specimens  in 

The  art  of  eugra\Tng  is  of  extreme  antiquity.  If  it 
cannot  with  any  certainty  be  traced  to  antediluvian  ! 
times  in  the  ease  of  Tubal-cain,  the  son  of  Lamech,  | 
who  is  spoken  of  as  "  an  artiliecr  in  brass  and  iron  "  j 


yet  theie  aie  distmet  traces  of  it  m  the  patriarchal 
ago  foi  carved  images  weie  found  in  the  fanily  of 
Abi  ham  and  these  it  w  e  v  j  1 1  p  by  analogy  with 
the  most  ancic  t  extant    were 

merely  rude  outl  and  therefore 

boie  a  stiong  ic  "■     Duimgthe 

sojuum  of  the  Isi     1  1  1      j  robal  ly  exer- 

i  Ithb  it  tt  r  tie  L  ^pt  n  nannex  \\lichcon- 
1  ttd  ot  hiti  lypl  cal  h  uie  cut  m  outline  on 
met  il  an  1  stone  But  diuii  "•  tl  en  wan  lerii  gs  in  the 
deseit  two  men  (Bezaleel  md  Aholiab)  were  spe- 
ciiUy  set  apait  to  devise  c  irions  woiks  m  gold, 
s  \\  er  and  biass  and  m  the  cutting  of  stones  to  set 
them  and  in  caiung  of  wood  foi  the  senice  of  the 
f  tbemacle  ai  1  uf  tl  c  n  it  is  declaied  tl  at  God  '  filled 
them  with  w  1  i  of  hcait  to  woik  all  manner  of 
woik  of  tht  en  Fxod  xxxv  35 

The  rude  mt  1 1    1         1        t  i  ]  osed  to  have 

been  adopted  1  I  1  tl  is  to  have 

been  com  eyed  f  II       rst     c,  the 

artofengiaiin  I  I      One  ol 

its  eaihest  uses  1 1  tl  t  c  1  z  1  at  n  was  in  the 
delineation  of  imps  on  metil  phtes  bpecunens  of 
the  art  as  pnctiscd  in  Etiuin  aie  thought  to  be  of  a 
very  remote  antquity  and  aie  qiute  cipable  of  being 
prmted  from,  as  has  been  proved  by  actual  experi- 
ment. But  the  idea  of  filling  in  these  rude  outlines 
with  ink,  aud  taking  impressions  from  them,  was 
reserved  to  later  times.  Thus,  tlie  ancients  just 
missed  a  discovery  wliich  now  forms  the  principal 
element  of  om-  progress.  This  is  the  more  remark- 
able when  we  remember  that  they  knew  how  to  take 
impressions  of  seals  and  stamps  in  wax,  clay,  and 
other  soft  bodies,  and  that  they  seem  to  have  had 
stamps  with  separate  letters  engraved  upon  them. 

The  art  of  engraving  comprises  three  great  divi- 
sions, for  which  appropriate  technical  teims  have 
been  found  by  referring  to  the  Greek  language. 
Copper-plate  engraving  is  named  Chalcography,  from 
the  Greek  words  signifying  copper,  and  I  inscribe; 
wood-engraving.  Xylography,  from  wood,  and  I  in- 
scribe; engraving  on  stone.  Lithography,  homasloite, 
and  /  inscribe. 

The  first  of  these,  or  the  art  of  engraving  on  cop- 
per, and  taking  impressions  from  the  engi'aved  plates, 
is  ascribed  to  a  native  of  Florence,  named  Fini- 
guerra,  who  flourished  iu  the  fifteenth  ceutm-y.  He 
was  a  skilful  workman  in  a  species  of  handicraft  then 
largely  practised,  namely,  the  engraving  of  church 
ornaments  and  other  articles,  and  filling  the  engraved 
parts  with  a  black  composition  of  silver  and  lead. 
This  was  called  working  in  niello,  and  had  a  good 
efl'cct,  as  may  be  seen  by  remaining  specimens.  It  is 
said  that  Finignerra  having  on  one  occasion  cast 
some  melted  sulphur  on  his  engraving,  to  try  its 
effect  previously  to  putting  on  the  black  composition, 
observed,  on  removing  the  sulphur,  that  some  dust 
aud  charcoal  which  had  gathered  in  the  hollows  gave 
an  impression  of  what  he  had  engraven.  On  tlus  he 
tried  the  effect  of  moistened  paper,  pressed  down  on 
the  engraving  with  a  roller,  and  met  w-ith  complete 
success.     Other  goldsmiths  and  engravers  followed 


m  the  steps  of  Finiguerra,  and  this  important  dis- 
covery soon  became  widely  diffused.  Tlirougliout 
the  oiitcentti  century  ]mpro\  emunts  in  tliis  art  were 
numoioiis  in  Italy,  and  tlie  skill  of  Marc  Antonio 
Kaumiuili,  and  the  students  of  liib  school,  raised  the 
fame  of  tlie  Italian  engravers  to  a  high  pitch. 

MeaiiwhUe  Germany  was  making  rapid  progress  in 
the  same  art,  fil'st  practised  in  that  country  by 
Mai  I  in  Scliongauer,  and  carried  to  emincuce  by 
All)tit  Durcr  and  his  followers.  The  aiti.'^ls  of  the 
Pl(  mi-,h  and  Dutch  schools,  together  with  the  skil- 
fid  cnt^uueis  of  France,  aLo  contributed  to  spiead 
thHiui^huut  Euinpc  the  triumphs  of  this  interesting 
blanch  of  knowledge. 

The  art  of  engraving  was  early  known  in  England, 
rrintiiigwas  discovered  during  the  (iist  h.df  of  the 
fiftcrndi  crntuiT,  and  CDgraviiig  qnirklv  followcl,  as  is 


and  tills  is  afterwards  sjni'ad  over  the  waxed  sm'face 
of  the  plate,  with  the  lead  lines  in  contact  with  it. 
The  tracing  being  secured  in  tliis  position,  heavy  plea- 
sure is  applied,  the  effect  of  which  is  to  transfer  the 
lead  lines  from  the  paper  to  the  wax.  The  tngra-vcr 
now  takes  a  fine  steel  point,  and  (the  tracing-paper 
being  remov  ed)  goes  o\er  the  subject  lightly,  so  as 
just  to  penetrate  the  wax  and  touch  the  copper.  l!y 
this  means  a  perfect  and  delicate  outline  is  drawn 
upon  the  plate,  and  when  the  wax  is  melted  olf,  the 
subject  is  ready  to  bo  proceeded  with  and  (iniblied  off, 
according  to  the  skiU  and  manual  dcxteiilv  of  tlic 
engraver.  These  are  not  within  the  jiowcrs  of  di- 
seription;  but  we  may  briclly  bt.ilu  tii.il  llu  |iiimljial 
instrument  employed  is  the    //  <       m  li  'if 

steel,    and   ending   in    an    ii  <  i  nui  1 

point.    This  instrument  is  la  Kl  i  .    mall 

inclinatiou  to  the  plane  of  Hil  ..ni  p, .,  aim  i.  pu-hcd 
forward  iu  the  direction  required,  to  cut  the  hues  on 
the  plate.     See  Fig.  SC3.     Should  the  lines  be  cut  too 


li 


,  the 


Li  I  I  uc  a  distinct  accoimt.    Atrans- 

1 1'     1  '  ,  Udal,  dedicated  to  Edward  VI.,  I 

Lia.iaiiii  a  ,.1  tl,  [  11  laco  the  following  passage:  "Ac- 
ccpte,  jentill  leader,  this  Tractise  of  xViiatomic,  thaiik- 
fidly  interpreting  the  laboiu-s  of  Thomas  Gemini  the 
workman.  He  that  with  his  great  charge,  watch,  and 
travaylo,  hath  set  out  these  figures  iu  pourtrature, 
will  most  willingly  be  amended,  or  better  perfected  of 
his  own  workmanship  if  admonished."  The  first 
maps  of  English  counties  were  engraved  by  Chiis- 
to|ilier  Saxtou  iu  1579. 

In  the  reir;n  of  Chailes  I.  an  engraver-royal  (Voerst, 
a  native  of  HoUind)  was  appointed,  and  the  art 
received  much  encouiagement  ''m  n  tl  '  mid  t'  r 
Eail  of  Aiundel.     The  celebi.il    1  '  ' 

various  improvements   were   m  i  l^       I'li  !>  '     i 

discovered  mezzo-iinto,  and  for  a  biiif  p(  ii  d  i  ii.ia\- 
ing  flourished  greatly  ;  but  the  bad  taste  and  dissolute 
manners  of  the  succeeding  reign  cheeked  its  progress, 
and  had  the  worst  effect  on  the  art.  Its  subsequent 
ii'\n  il  and  brilliant  success  in  the  hands  of  Hogarth 
and  his  cotemporaries,  and  its  high  eminence  at  the 
picseiit  day,  present  too  extensive  a  field  to  be  tra- 
vel sed  here.  Sufiico  it  that  we  describe  s  .111  il'  'i 
processes  of  this  interesting  art  as  now  pi  ' 
Supposing  a  copper-plate  cngravmg  tn 


To  this  end  the  copper-plate  is  last  li    ii 
oven  till  it  attains  a  sufficient  uniform  In 
white  wi\,  a  pii^ce  of  whiili  is  rubbed  .u.  i   i-     i    . 
al'  ,    .M  I'm   111,  I'l      1  lill  the  whole  suilaii- 

1-  '  h  it  is  left  in  a  liori-  [ 

n  I  1  plate  are  cold.     In 

tn    111  '  III  1        1     .  I  (he  original  design  is 

made  \ulh  a  ULuk-kad  pi  neil  mi  thin  tracing  paper. 


-^S^ 


deeply,  a  smooth  tool,  about  Ihirc  iurhi  ^  loii-,  calh  d 
a  i/ir/iii/icr,  is  employed  to  soften  them  do\i  ii,  and  to 
burnish  out  scratches  in  the  copper.  But  the  graver, 
in  ploughing  fniiows  in  the  surface  of  the  copper, 
raises  coricspoiiding  lidgc^  or  burrs  ;  these  have  to  be 
scraped  olf  by  another  tool,  about  six  inches  long, 
called  a  scrnjicj;  also  of  steel,  and  having  three  shaip 
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Qallv 


,ed, 
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parallel  lines  are  wanted,  in 

auliil.iii 

1   ll   Ml 

for  skies,  manual  labour  can 

ll'   (lls|,l  11 

111    Mil 

ruling  machine  substituted 

Mllllll     .1 

1^     Wl 

complete  effect.     The  above 

method  w 

IS  the 

one  iu  former  times,   and 

s  still  eontiiiuei 

cnEcriWng  of  letters,  sihcr 

date,  &o 

but  S 

il       M  ,v  of  etching  it  has 

almost  111 

iversal 

I  I  hat  freer  and  more  cxpcdirious  process. 

1     nils  engraving,  propeily  so  called,  there  are 

I       ll  varieties  known,  as  etc/ii/iff,  )nc::o-iliilo,  aqua- 

Etching  now  forms  a  most  important  part  of  the 

Miffr.aver's  art,  for  nearly  all  his  productions  arc  eom- 

I  I  'n  i-il,  and,  to  a  considerable  extent,  ciuicd  foiwaid 

I'd.     It  is  the  process  of  coiroding  with  aipi  i- 

is  of  a  di-awmg,  traced  out  with  an  e((  h- 


idlo 


u  the  c 


pi.MOU 

ly  place 

namely. 

a  prepai 

&c.,  inc 

orporatei 

ing  the 

action  ol 

position 

forms  a  c 

|,prr-pla 
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ENGRAVING. 


wliite  wax,  Lalf-an-oiince  of  Burgundy  pitch,  half-an- 
ouuoe  of  black  pitch,  aud  two  ounces  of  asphaltum. 
The  uigredients,  with  the  exception  of  the  asphaltum, 
are  put  into  a  crucible  and  melted  over  a  slow  fire. 
The  asphaltum  meanwhile  is  reduced  to  a  fine  powder, 
aud  is  stirred  iuto  the  composition  by  degrees.  'When 
tlie  substances  ai-e  all  ultimately  blended,  the  compo- 
sitiou  is  poured  iuto  cold  water,  aud  worked  into  baUs 
about  the  size  of  a  wakut,  which  are  tightly  aud 
smoothly  tied  up  in  small  pieces  of  plain  worn  sUk. 
Wheu  the  jilate  is  to  be  prepared  for  etchiug  it  must 
first  be  heated  with  au  equal  heat  throughout,  by 
holding  it  by  means  of  a  hand-vice  over  a  stove,  or  in 
au  oven.  A  bit  of  folded  paper  will  save  the  plate 
from  injury  at  the  points  where  the  vice  presses.  No 
more  licat  is  required  than  is  sufficient  to  melt  the 
composition,  or  etching  ground,  which  is  now  applied 
by  nibbing  one  of  the  silken  balls  over  the  plate,  the 
warmth  of  which  causes  the  substance  to  ooze  tlnough 
the  silk.  The  groiuid  is  then  equalised  by  rubbing 
with  a  dauber.  This  is  variously  contrived,  but  a 
simple  kind  is  made  of  lamb's  wool,  properly  washed 
and  dried,  and  tiien  tied  up  in  soft  Cue  muslin  in  the 
shape  of  a  flattened  ball.  Outside  this  must  be 
smoothly  stretched  and  tied  a  piece  of  black  silk,  not 
uew  or  twilled,  othei-wise  it  will  cause  the  surface  to 
be  unequal.  When  the  daubing  is  completed,  aud 
the  etchiug  ground  smoothly  and  equally  distributed, 
the  copper-plate  is  held,  face  downwards,  over  the 
flame  of  a  was  candle,  or  of  two  or  three  candles  tied 
together,  until  the  whole  sui'face  of  the  etching 
ground  is  smoked  to  blackness.  It  is  then  ready  to 
receive  the  design,  which  is  first  made  in  outline  with 
a  black-lead  pencil  on  a  piece  of  thin  even  paper,  and 
tlicn  placed  face  downwards  on  tlie  smoked  sm-face. 
The  whole  is  then  passed  thi-ough  the  roller-press 
used  for  printing  copper-plates,  which  transfers  au 
impression  of  the  outline  to  the  ground.  After  this 
the  design  is  completed  with  the  etching  needles, 
a  very  fine  point  being  used  for  the  more  distant  and 
delicate  parts,  and  a  broader  one  for  the  nearer  aud 
bolder  objects.  These  needles  remove  the  wax  com- 
position or  etching  ground  from  the  copper  wherever 
they  pass,  and  slightly  scratch  the  surface  of  the 
plate,  thus  exposing  it  to  the  full  action  of  the  acid 
during  the  subsequent  process  of  bitiug-in.  To  pre- 
pare for  this,  a  border  of  wax  half  au  inch  high  is  put 
round  the  plate  to  form  a  trough  for  the  acid.  This 
is  called  baiikbiij-toax,  and  is  made  of  bees'-was,  com- 
mon pitch,  Biu'gundy  pitch,  aud  sweet  oil,  melted  in 
a  crucible,  aud  poured  iuto  cold  water:  wheu  cold 
it  is  quite  hard,  but  on  immersion  in  warm  water  it 
becomes  soft.  The  wax  having  been  made  to  sur- 
round the  copper-plate,  and  being  sufficiently  hardened, 
the  next  operation  is  to  pour  in  nitrous  acid,  reduced 
with  water  to  the  proper  strength,  (usually  about  one 
part  acid  to  four  parts  water,)  which  experience  alone 
can  teach.  Its  action  on  the  copper  is  apparent  in 
the  rising  of  innumerable  bubbles.  AVhen  the  acid 
has  been  on  a  sufficient  time  to  cori'odc  the  fainter 
and  more  distant  parts  of  the  subject,  it  is  to  be 
poured  off,  the  plate  washed  with  water,  aud  left  to 


dry.  These  fainter  parts  are  then  to  be  varnished 
with  a  mixture  of  lamp-black  and  Venice  turpentine, 
applied  with  a  camel's-hair  pencil,  which  stops  the 
fiu-ther  action  of  the  acid  on  those  parts.  Hence  the 
mixtui-e  is  called  stopping-ground.  "^Vhen  it  is  dry 
the  acid  is  agaui  poured  on,  and  the  action  renewed 
on  the  bolder  pai-ts  of  the  subject.  This  stopping-out 
mid  bitiug-in  can  be  repeated  as  often  as  the  nature  of 
the  subject  or  the  taste  of  the  eugraver  may  suggest, 
so  that  many  gradations  of  tint  can  be  obtamed. 
After  this  the  waxen  border  is  removed  by  heating 
the  plate,  aud  by  a  little  further  warmmg  the  etchiug 
ground  can  also  be  wiped  off  with  a  rag  moistened 
with  olive  oil.  The  work  is  now  complete,  unless  it 
be  wished  to  finish  it  more  highly  with  the  graver. 
This  is  frequently  done,  for,  as  we  have  ah-eady 
noticed,  almost  every  engraving  at  the  present  day  is 
partly  etched.  Etching  pomts  or  needles  resemble 
common  needles,  fixed  in  handles  four  or  five  inches 
long.  Some  are,  however,  made  of  an  oval  form,  ui 
order  to  produce  broader  lines.  What  is  called  the 
(hy-poitil  is  nothing  more  than  the  common  etching 
needle  brought  to  a  very  fiue  point,  for  the  purpose 
of  cutting  or  scratching  the  more  delicate  lines  ol 
skies,  &c.  The  di-y-point  does  not  cut  the  coppei 
clean  out,  but  raises  a  sbght  ridge  or  burr,  which  is 
ordmarily  removed  with  the  scraper,  but  which  may 
in  some  oases  be  left  on  with  fine  efi'ect.  This  is  the 
case  with  Eembraudt's  etchings,  ui  which  the  burr 
was  left  on  till  it  wore  away  in  prmting.  Early  im- 
pressions of  his  etchings,  in  which  this  pecuHarity  is 
visible,  are  therefore  much  valued.  Imitations  of 
chalk  and  pencil  di-awings  are  sometimes  produced 
by  etching  on  soft  ground,  but  this  practice  has  been 
greatly  superseded  by  that  of  lithography.  Etelung 
on  steel  is  performed  in  the  same  way  as  on  copper, 
the  steel  also  yielding  a  greater  number  of  good  im- 
pressions. A  species  of  etchiug  is  also  employed  in 
the  representation  of  medals,  a  machine  of  peeidiar 
construction  being  brought  into  operation.  For  etch- 
ing on  glass,  a  ground  of  bees'-wax  is  laid  on,  and 
the  design  is  traced  with  the  needle  as  before.  Sul- 
phuric acid  is  then  poured  on,  and  fluor  spar  spruikled 
upon  it,  or  fluoric  acid  may  be  at  once  used :  this  is 
allowed  to  remain  four  or  five  hours,  and  is  then 
removed  with  oil  of  turpentine.  Etched  imitations  of 
chalk  di-awings  of  the  human  figure,  called  engrav- 
ings in  stipple,  have  a  very  soft  effect,  but  are  inferioi 
to  engraving.  In  tins  variety  the  whole  subject  is 
executed  in  dots  without  strokes  on  the  etchiug 
ground,  and  these  dots  are  bitten-in  by  aquafortis. 
Agam,  these  dots  may  be  harmonized  with  a  little 
hammer,  in  which  case  the  work  is  called  opus  mallei. 
In  the  method  known  as  mezzo-dnto  a  dark  barb  or 
ground  is  raised  uniformly  by  means  of  a  toothed  tool, 
and  the  design  being  traced,  the  light  parts  are 
scraped  off  from  the  plate  by  fitting  instruments, 
according  to  the  effect  required.  In  aquutinta  the 
outline  is  first  sketched,  and  then  a  sort  of  wash  laid 
on  \vith  aquafortis  upon  the  plate,  produoiug  the 
effect  of  Lidian-iuk  drawings.  Copper-plate  engrav- 
ing, therefore,  in  all  its  varieties,  open?  a  wide  field  for 


llie  taste  •md  ii  1  bf  ly  of  those  wlio  -would  ptipetuate 
and  multiply  \  ilu\ble  woiks  oi  iit  m  the  several 
styles  best  suited  to  their  lespectivt  subjects 

Steel  cugiavmg  is  peifomied  in  the  sune  -nay  as 
coppei  plite  eugiaving  ^^ltll  the  exceptKiiof  some 
&lij,lit  iiiodihcitions  m  the  use  of  acids  llie  im 
piovod  pi  esses  used  m  both  1  mds  of  eiigiavmg  are 
due  ii  Ml  Jacob  Peikins  who  uiiy  bo  sud  to  have 
est  il  lisl  ed  sttel  eiis;iiviug  by  his  uivenlion  o(  dcc-ii 
1  '  s  to  make  it  1  t  to  1  e  p 

Lstmg  method  ot 

I  lis     Ml  Pukmsb 
t  lated   m   tic    ti 

used  111  cxlico  pimtiug      The  &  1 

mdtiphcd  13  fust  engiaved  eith 

nic  ill V,  01  the  two  may  be  comb)     1  I 

oi    ut  ou  1  phte  of  soft  steel     the  ji  te  it,  thcu 

h-iidciicd      A   decaibomzed  steel   cylinder  is  next 

loU  d  o\ei  the  haideued  phte  by  meuis  of  poneilul 

II  cl  mciy  uiitil  the  en^i  i\cd  impus  i  u  njie  is  ni 
ulict,  tie  hollow  Lnes  ut  the  ou^i  al  bein^  i  ised  on 
the  cxhilei  ihe  r  llci  i  then  leeouvcitt  1  to  the 
c      It    u    f      li     )    tc  1   aulhudeiied    iltei      1     h 

1  1  1  idtcs,  each  c  f     I 

c  I  tit  ot  theougniil 

tl  1 1  tcb  when  haideued        1    ^ 

loU.UUU  uupiesbiuus  -nithout  being  mateiully  wuiu 
The  oiiaiud  plate  thus  senes  oidy  to  gue  oiio  im 
piessiou  to  the  tiansfei  roller,  which  m  its  tuin  is 
used  to  pioduce  any  number  ot  phtes  Should  any 
accident  h  ppen  to  the  tiansfei  lollei,  anothci  ini 
pie  siou  can  easily  be  taken  fiom  the  oiigmol  plate 

In  oidei  to  decubomze  the  jlates  tlicy  ue  plac°d 
in  a  veitical  position  in  cast  uon  boxes  not  less  than 
and   suiiounded  ou   all  sides   by   a 

)u  hhngs  not  less  th  m  '■  inch  thick , 
then  placed  in  a  fuinace,  and  aitei 

aie  cooled  \eiy  slowly   by  stopping 

1  passages    and   coveung  the   boxes 

)  the  de;  th  of  G  ni 


hrs      The  de 
1  1  \  enelos 
1  ig  them 
e left  at 

\eitical  post 


I  inch  thick, 
stiatum  of  11 
the  boxes  ai( 
being  heated 
up  all  the  ai 
with  eindeis  t 
c  ibiiuzcd  plat 

the  pioj  PI  heat  toi  ti 
taken  out  aie  iinmediat( 
tion  into  cold  watei 

Wood  engiavmg  {Xyhgntphij)  is  said  to  have  had 
its  oiigm  in  China  the  birth  place  of  many  other 
valuable  inventions,  and  to  have  been  due  to  the 
lecuhar  stmctuie  of  the  Chinese  language,  m  the 
vvutiug  of  which  a  separite  symbol  is  u'cd  tor  each 
ilea  and  vvoids  are  not  nude  up  as  with  us  by  a 
combin  ition  of  letters  The  numbei  ot  thcbo  symbols 
01  chaiaeteis  is  therefore  so  vast  that  it  would  be 
ilinost  impossible  to  print  then  bool  s  with  movable 
t^l  es  Then  method  of  prmtmg  is  theiefoie  as  fol 
1  )\vs  the  woik  to  be  pnnted  is  caiefully  tiansciibed 
U)fn  tnuspaicnt  papei,  only  one  side  of  wluch  is 
vviitteu  on  Ihc  sheets  aie  then  glued  down  upon 
\v3oden  tiblets  and  ill  the  wood  is  c  it  iway  except 
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that  coveted  by  the  hncs  of  the  wilting  1  urn  these 
raised   wooden   lines   imiiessnis  tin      II  s 

piactice  IS  ot  ancient  date  i  '  f 

th  se  v\ho  have  bestowed  ics 
inclined  to  hx  it  about  A  D   J 

possible  to  tiaoe  the  intiodu  t  I  ^ 

into  Europe  it  would  appeal  tltt  tie  A  i  t  i  <;  in 
then  commeice  with  the  Chmese,  oaily  learned  Ihis 
ait  aid  piactised  it  befoie  it  was  known  to  othci 
1  1     itions     But  the  ait  w  is  eagcily  acq  iiied 

V  and  the  Low  Conntiics    and  in  1433  oi 
they  cuued  ou  a  co isideiablo  commeice 


ll 


cf 


ell    \nij      oiUljl      ,  inliuic     /;  llicy 

weie  at  fiist  sold  sepiratelv,  and  thus  weie  soon  dis 
peiscd  and  loat ,  but  aftei  a  tnie  thev  weie  pasted 
into  leb^iotis  books  f      t  \]       riving  them 

and  thus  piobably  I  t  illustiat 

mg  books  with  cn^  U  le  the  ait 

1     1      1   I  1  tl    V      le 


hblilti  I  I  01  Lible  ut  th.  luo  CJi  Isot 
40  leaves,  small  folio  punted  fiom  the  same  nui  bci 
of  engiaved  blocks  of  wood,  on  one  side  of  the  pa]  ci 
only     These  punts  ate  pho   1  ^      \        \       % 

each  othei    ^o  that  by  pasti 
has  the  appe  uanco  of  being  \ 

on  both  siles     The   use   ot   i  1  in 

books  13  c'  scly  connected  with  tl  r  ii  1  wo  d 
engravu'g,  but  the  exact  time  of  the  invention  is  a 
di^pitetl  point  One  of  the  moot  geneially  icccived 
accounts  ot  tl  is  discoveiy  is  thus  given  by  an  old 
Geiman  chiomclei  — 

'  At  this  time  (about  1438)  m  the  city  of  Mcntz 
on  the  Khiue  in  Geunanv  and  nnt  i  i  11  h  i  some 
hive  cuoneoiisly  wutteu,  tl    t  Ml    u 

unheal  d  of    it  of  puntmg       1  I  ■> 

w  IS  invented   and  devised    1 
citizen  of  Mentz  who  havii  1  1  b 

pioperty  in  the  invention  ot  this  it  i  icc  unt  if 
the  diificulties  which  he  expeiienced  on  all  sides  was 
about  to  abandon  it  altogethei ,  when  by  the  idvicc 
and  thiough  the  means  of  Jolm  Fust  likewise  a 
citizen  ot  Mentz  he  succeeded  in  biuigiiig  it  to  pei 
fcction  At  fiist  they  foimed  or  cngiave  I  the  chi 
1  ictcis  or  letteis  in  written  oidei  on  bl  d  s  f  v  n  1 
and  111  this  mannei  they  punt    1  1 

a    C  ithohcon '    But  with  th  I 

could  punt  nothing  else  bee  1 

not  be  tiansposed  m  these  t  il  1  t     1  I 

thereon  as  we  have  said  Tothisnne  ti  nsutec  d  1 
a  moie  subtle  one  foi  they  found  out  the  means  ol 
cutting  the  forms  of  all  the  Icttcis  of  the  alph  ibct 
which  they  called  matuces  fiom  which  again  Hit? 
cist  chaiactcis  of  coniei  oi  tin  ol  sillieici  t  hudieis 
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to  resist  the  necessary  pressure,  wliieh  they  had 
before  engraved  by  hand."  In  this  latter  process 
the  original  inventors  were  greatly  aided  by  Peter 
SchoelTer,  son-in-law  to  Fust,  who  shares  with  the 
other  two  in  the  honours  accorded  to  the  worthy 
citizens  of  Mentz.  An  early  and  celebrated  result  of 
the  union  of  typography  and  T\-ood-engraving  was  a 
Psalter  printed  on  vellum  by  Fust  and  SchoefFcr,  at 
tht  end  of  which  there  is  a  congratulatory  paragraph 
on  the  discovery  of  the  art  of  printing.  The  large 
initial  letters  of  this  Psalter  are  beautifully  executed 
and  printed  in  two  colours. 

The  artists  of  Italy  competed  successfully  witli 
those  of  Germany,  in  the  prosecution  of  this  in- 
teresting art,  but  attt-ution  was  recidled  to  German 
art  by  the  engravings  of  Albert  Durer  and  his  cotem- 
poraries,  diu-ing  whose  time  wood-cutting  was  in  high 
estimation.  At  tlie  close  of  the  16th  century  this 
art  had  greatly  declined  in  Germany,  but  was  better 
understood  in  France  and  England  than  at  any 
previous  period.  Yet  it  was  reserved  to  the  ISth 
century  to  give  a  powerful  impulse  to  the  art  in 
Britain.  This  was  done  by  Thomas  Bewick,  who 
showed,  in  his  "  British  Birds,"  a  most  skilful  and 
effective  adaptation  of  the  means  his  art  then  afforded 
of  faithfully  representing  natui-e.  He  was  undoubtedly 
the  instmment  of  a  great  revival  in  wood-engraving, 
and  led  the  way  in  tliat  career  of  success  which 
has  since  distinguished  the  wood-engravers  of  this 
cotmti-y. 

The  processes  connected  with  wood-engraviag 
chiefly  differ  from  those  of  copper  and  steel  engrav- 
ing witli  respect  to  the  different  nature  of  the  ma- 
terial employed.  Box-wood  is  the  only  kind  that  can 
be  successfully  employed  in  wood-engiaving.  Ameri- 
can or  Turkey  box  is  of  large  size,  but  is  inferior  in 
quality  to  our  English  wood.  It  should  be  of  a  clear 
yellow  colour,  as  equal  as  possible  over  the  whole 
surface,  without  spots  or  variations  of  tint,  which 
mark  inequality  of  growth  and  consequently  of  hard- 
ness, and  which  are  sometimes  quite  evident  in  the 
impressions  taken  from  such  blocks,  the  whiter  por- 
tions being  softer  and  more  absorbent  of  ink,  and 
retaining  it  more  tenaciously.  The  natural  hardness 
and  toughness  of  box,  with  the  poisonous  nature  of 
its  juices,  are  of  great  importance  in  preserving  blocks 
from  the  attacks  of  insects,  to  which  apple,  pear,  and 
beech-wood,  sometimes  used  for  the  purposes  of  en- 
graving, are  naturally  liable.  But  box-wood  requires 
to  be  well-seasoned,  otherwise  it  is  litble  to  warp  and 
bend.  If  a  block  of  unseasoned  wood  be  allowed  to 
lie  flat  for  a  week  or  two,  it  is  almost  sure  to  bend 
upwards  at  the  edges.  Blocks  of  wood,  therefore, 
should  always  be  placed  on  their  side  edges  when  hid 
by  for  future  use,  and  m  the  process  of  engraving 
they  should  be  turned  over  on  their  f-ices,  in  the  m 
tervals  of  the  work,  oi  some  degiee  of  cunature  may 
be  given  to  them  by  the  w  iimth  ot  the  piin-iiAci  s 
hand.     "When  a  block  becomes  slisl  *1     r  1 

the  circumstance  is  not  noticed  1  \ 
previous  to  taking  an  nnpiession  tin 
splits.     Blocks  when  smotth  and  |u        i   ut  pit 


pared  for  drawing  on,  by  simply  rubbing  the  polished 
surface  with  bath  brick  in  veij  fine  powder  slightly 
mixed  willi  water.  "When  this  tliin  coating  is  dry  it 
is  n  MMiril  In  ml 'vMi.j-  the  block  with  the  palm  of 
Wic  ii  11  i  I'-  "  ',  i  ~  is  to  make  the  surface  less 
sli|>i":\.     >  ill-  i -,  previous  to  beginning  their 

drawing,  wabli  mer  liiu  surface  of  the  block  with 
flake-white  and  gum-water,  but  if  the  white  ground 
be  too  evident  the  effect  is  confusing  to  an  engraver 
in  the  progress  of  bis  work,  the  jjarts  cut  being  of 
tlie  natural  colour,  while  the  imeut  parts  are  white. 
"  The  less  that  is  done  to  alter  the  natural  colour  of 
the  wood,"  say  the  best  engravers,  "the  better." 
Flake-white  is  also  apt  to  mix  with  the  ink  in  taking 
a  first  proof,  and  to  fill  up  the  finer  parts  of  the  cut. 
As  box-wood  is,  notwitlistandmg  its  hard  and  com- 
pact nature,  very  much  softer  than  copper  and  steel, 
and  is,  moreover,  less  equal  in  density  throughout,  so 
the  graving  tools  must  be  guided  in  a  dift'erent  manner, 
and  a  check  must  be  put  on  the  force  with  which 
they  are  ordinarily  sent  forward  by  the  palm  of  the 
hand.  There  are  four  descriptions  of  cutting-tools 
used  in  wood-engraving ;  and  numerous  specimens  of 
eacli,  diireriug  in  size  and  degrees  of  fineness,  are 
kept  at  hand.  Of  tlie  fnur  Innds  of  tools,  the  first  is 
the  graver,  diffriin-  In'.,  imni  that  of  the  copper- 
plate engraver,  Imt  i  i  '  .  :.■  purposes  of  wood- 
cutting by  haviuu  111.  |,nuii  ui.  .iini  to  a  peculiar  form 
by  rubbing  on  a  Turkey  stone.  Light  or  nine  gravers 
of  different  sizes  are  generally  required,  commencing 
with  a  very  fine  one,  called  the  outline  tool.  Tlie  upper 
part  A,  Fig.  864,  is  the  back,  the  lower  part  d  is  techni- 


cally called  the  belly ;  b  is  the  face  of  the  tool ;  c,  its 
point.  The  latter  is  so  extremely  fine  that  the  line  is 
scarcely  perceptible  when  the  cut  is  printed;  the 
object  being  with  this  tool  merely  to  form  a  termiua- 
tion  or  boundary  to  other  se 


ies  of  lines.  This  tool, 
tixcd  in  a  convenient 
handle,  wliicli,  ;i  i:  ^  ,  .  ;v.,l  from  tiie  turners,  is 
perfectly  circulii:  ■       .   '■  i'  |i:irt  of  this  rounded 

end  is  cut  oil'  ;.;  m-erted,  in  order  to 

accommodate  thr  t..  ;  i  i  !;,i  II  .i  Mufaceof  the  block, 
and  also  to  insure  its  being  ready  to  the  hand  in  the 
right  position  for  use  when  laid  aside  and  then  taken 
up  again.  Eight  or  nine  gravers,  Fig.  865,  are  required. 


besmmng  with  the  outline  tool,  and  increasing  in  size 
1  breadth     The  engraver  also  adapts  them  to  his 

I  t  ipular  purpose,  either  by  making  them  finer,  or  by 
1  ling  them  down  to  greater  breadth,  and  rounding 

tlum  slightly  at  the  points.     The  lower  dotted  line  in 


SGS  shows  the  extent  to  which  the  points  are 
ily  grouud  down.  Gravers  are  used  for  nearly 
jr  desouption  of  wood-euttiug,  oceasionally,  not 

excepting  "tinting,"  the  technical  term  applied  to 
Jig  scries  of  parallel  Unes,  which,  when  engraved, 

an  even  and  uniform  tint.  i\n  this  piocuss,  iiow- 
,  theie  is  a  distinct  set  ot  til' 1     I         i^i.   ilmiur, 

if>  tools,  though  thin,  ought  1 1  hi,' 

10  back  to  pieveiit  tlieir  bcudiii^     1     lu     i.   .l.Lir 


v-^^ri-fi""rr 


f-ves,  as  well  as  those  of  the  gravers,  should  also  be 
fitlier  long  than  short,  for  tliey  then  cut  with  luiicli 
gr  ater  clearness,  and  tlie  shaving  of  wood  turns 
g.'ii'ly  over  towards  the  liand,  as  shown  in  Tig.  S''i7  ; 


-i_ 


^C 


whrreas,  when  the  graver  is  too  obtuse,  the  shiviiig, 
instead  of  turning  aside,  roils  over  before  the  point 
of  the  tool,  as  iu  Fig.  8fi8,  and  hides  the  pencil-line 
which  tlie  engraver  is  following,     a.  Fig.  SGO,  is  an 


r" 


xample  of  an  obtuse  form  of  tool:  this  may  be  con- 
ei  ted  into  an  acute  tool  by  grinding  down  the  portion 
down  by  the  dotted  lines  ui  B.  In  addition  to  gravers 
lid  tint-tools  there  are  gouges  of  different  sizes,  Fig. 


5Wl 


8/0,  for  scooping  out  the  MOod  tow.iuls  the  centre 
of  the  block,  and  flat  tools,  or  chisels,  for  cutting  it 
away  towards  the  edges  A  form  of  flat  tool,  marked 
c,  is  to  be  avoiiled,  as  the  projecting  corners  are  apt 
to  cut  under  a  line,  and  gi\  e  iiuirh  trouble  in  plugging, 
or  insciting  new  wood,  on  which  to  replace  it. 


Jlu-  ,„LUKa  o!  holding  the  giaver  is  different ^ hen 
'he  uiateiul  is  wood,  to  ih.il  tmplrvcd  m  copper  and 


extended 

this  IS  II 
the  luii.l 

cheek  it 


In  the  latter  case,  the  forefingr 
2  back  of  the  to.jl,  so  as  to  piCbS 


nig 


I  \ ,  the  force  oi 
'      iiiiiiiib,  which  in 
'  I      ^  II  1  [       nil  of  the  block, 

dc  to  nunc  lu  1 1\,  but  ever  read,\  to 
of  a  sUp.     Sec  Fig.  871.     In  hni;er 
.bjects,  the  thumb  accomplishes  the  same  ends  by 
.■face  of  the  block.     See  Fig.  S72. 


Eiigi.iving  requires  delicate  and  skdl'ul  woikman- 
ship,  and  makes  laige  demands  on  the  eyesight  aswi^U 
as  on  the  dexterity  of  hand  of  those  who  practise  it. 
parts  of  the  work  are  generally  supposed  t< 


quire  the  u 


sibly  do 


of  mn^mryii, 


Mid  much  ( 

1  iiiip-Uglit. 
1.   are  slo--^ 

lonng   p'l. 


,  of  wood-ciittmg  seem  to  imagine 
that  a  mngiiifying  glass  must  of  necessity  form  part 
of  their  apparatus.  The  sort  of  glass  employed  is 
similar  to  that  of  watch-makers,  and  consists  of  a 
single  lens  fitted  into  a  short  tube,  and  rather  wider 
at  the  part  applied  to  the  eye.  Such  aid  shoidd  only 
be  sought  when  sight  begins  to  fail;  and  even  then 
the  glass  should  at  first  be  of  low  magnifyhig  power. 
Various  means  are  employed  to  protect  the  eyes  from 
the  light,  and  the  face  from  the  heat,  of  the  lamp. 
One  of  these  consists  in  the  use  of  a  large  glass  globe 
filled  with  water,  which  is  interposed  between  the 
lamp  and  the  engraver's  block.  By  the  use  of  these 
globes  one  lamp  is  found  snfiieient  for  three  or  fi'ur 
persons,  and  each  person  has  a  clear  and  cool  light 
to  work  by.  In  damp  or  frosty  weather,  the  breath 
of  the  engraver  is  apt  to  injure  his  work,  unless 
.ce  be  adopted  to  prevent  its  playing 
on  the  surface  of  the  block.  This  is  usually  found 
in  a  screen  of  thin  pasteboard  or  stiff  paper,  Icni- 
poraiily  tied  an-o'^s  the  month  and  nostrils  in  such 


Tin    I 


1l 


n  the  free  c 


objectionable,  as  they  eriulim 
which  require  for  healthy  a 

The  pupil  in  wood-engraving  commences  wit 
cutting  of  |,auiUel  Imcb'or  tints,  straight  and  w 
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and  tlaen  proceeds  to  simple  forms  in  outline,  without 
any  shading  that  is  expressed  by  cross-lines.  Such 
shading  is  necessarily  cUfficiilt  in  a  material  where  all 
the  parts  intended  to  be  light  have  to  be  cut  away, 
and  the  dark  lines  alone  remain  standing;  and  conse- 
quently in  cross-shading  the  interstices  have  to  be 
carefully  hollowed  out,  without  injury  to  the  hues. 
Complicated  subjects  should  be  long  deferred,  and 
never  attempted  tiU  decided  success  has  attended  the 
simpler  efl'orts. 

Lithography,  or  engraving  on  stone,  is  a  modern 
invention,  ascribed  to  a  musician  named  Senefelder, 
connected  with  the  theatre  at  Munich,  about  the  year 
ISOO.  The  term  engi-aviug  is  not  truly  applicable 
to  the  process,  as  usually  carried  on ;  but  in  Germany 
a  great  deal  of  actual  engraving  on  stone  with  the 
burin  is  practised.  The  results  of  this  method, 
however,  are  so  greatly  inferior  to  those  of  copper- 
])late  engraving,  that  it  is  not  likely  ever  to  come 
into  general  use.  The  art  of  taking  impressions 
from  drawings  made  on  stone  depends  on  the  readi- 
ness with  which  calcareous  stone  imbibes  water,  its 
great  disposition  to  adlicre  to  resinous  or  oily  sub- 
stances, and  the  disposition  those  substances  have  to 
combine,  and  to  repel  water  or  any  substance  moist- 
ened with  water.  Drawings  made  on  a  polished  surface 
of  calcareous  stone  with  a  resinous  or  oily  substance 
adhere  strongly  to  the  stone,  and  are  not  at  all  af- 
fected by  water  poured  over  it,  and  which  the  other 
pp.rts  imbibe  readily.  But  if  a  resinous  or  oily  body 
be  then  passed  over  the  stone,  it  will  adhere  strongly 
to  the  drawing,  and  not  to  the  watery  parts  of  the 

The  di'awings,  therefore,  in  lithogi-aphy,  are  made 
with  ink  and  chalk  of  a  soapy  nature.  The  ingredients 
of  the  former  are  tallow-soap,  pure  white  wax,  lamp- 
black, and  a  small  quantity  of  tallow,  all  boUed  together, 
and  when  cool,  dissolved  in  distilled  water.  The  ingre- 
dients for  the  chsilk  are  the  same,  with  a  small  quantity 
of  potash  added  during  the  boiluig.  After  the  drawing 
on  the  stone  is  perfectly  dry,  a  very  weak  solutiou  of 
sulphui-ic  acid  is  poured  over  it,  which  takes  up  the 
alkaU  from  the  ink  or  chalk,  and  leaves  an  iusoluble 
substance  behind  it,  while  it  lowers  in  a  sUght  degree 
tlie  surface  of  the  stone  not  drawn  upon,  and  prepares 
it  for  the  free  absorption  of  water.  Weak  gum-^fater 
is  next  applied,  to  close  the  pores  of  the  stone,  and 
keep  it  moist.  The  stone  is  then  washed  with 
water,  and  the  priutiug-iuk  applied  in  tlie  ordinary 
way.  It  then  passes  through  the  press  ;  the  washing 
with  water  and  daubing  with  ink  being  repeated  after 
every  impression.  The  impressions  may  be  multiplied 
to  a  great  extent,  without  any  marked  failure  in  the 
effect.  As  many  as  70,000  copies  or  prmts  have  been 
tiken  fiom  one  stone,  the  last  bemg  nearly  as  good 
as  the  fiist  The  woik  can  also  be  peifoimed  with 
gicat  expethtion  ind  ll  )iiumy  Diawings  made  with 
the  chii  ill  I    I      I     [lued  with  a  solution  of 

'■i-'i- 01    I  I   aioferied  to  the  stone, 

b\  li(  111  J  passed  thi 


l.peipli'( 


,ud    £ 


engravings  can  be  transferred  to  stone,  and'worked  by 
power  presses,  thus  lessening  the  expense,  and  aiford- 
ing  a  convenient  mode  of  multiplying  maps  which 
may  be  requu-ed  in  large  quantities.  [See  Appendix.] 

ENVELOPE-FOLDING  MACHINE.  jVnioug 
the  machines  exhibited  in  motion  in  the  Great  Exhi- 
bition, Messrs.  De  la  Rue  and  Company's  envelope- 
folding  machine  was  always  surrounded  by  a  crowd 
of  interested  spectators ;  and  it  is  worthy  of  the 
admiration  which  it  has  excited;  for  whether  we 
regard  the  rapidity  and  precision  with  which  it  does 
its  work  (folding  an  envelope  every  second),  or  study 
the  anatomy  of  its  structure,  we  have  a  strikuig 
illustration  of  the  proposition,  that  whatever  merely 
mechanical  operation  is  performed  well  by  human 
hands,  can  be  effected  much  better  and  far  more 
quickly  by  a  self-acting  machine.  Through  the  kind- 
ness of  the  inventors,  we  are  able  to  lay  before 
our  readers  a  sufEeiently  minute  description  of  this 
machine. 

As  the  various  motions  of  this  machine  are  pro- 
duced by  means  of  cams,  it  will  be  necessary  to  the 
due  understanding  of  tlie  subject  to  describe  the 
nature  of  a  cam,  and  the  method  by  which  it  is 
produced. 

A  Cam  is  a  contrivance  in  which  sliding  contact  is 
employed  to  communicate  a  velocity  ratio,  either  con- 
stant or  varying,  between  two  pieces  of  mechanism. 
The  extent  of  motion  of  one  of  these  pieces  must 
be  limited,  that  of  the  otlior  may  or  may  not  be 
coutiuuous.  Thus  for  example,  if  one  of  them  be 
required  to  move  in  a  short  rectlKnear  path  in  the 
maimer  of  a  rack  or  sliding  bar,  an  axis  revolving 
uidefmitely  iu  one  direction,  or  with  a  defined  to  and 
fro  rotation  in  both  dnections,  may,  by  means  of  a 
cam,  be  made  to  give  motion  to  this  bar  or  rack.  If 
the  relation  between  the  speed  of  movement  of  tlie 
bar  and  that  of  the  axis  be  uniform,  then  the  velocity 
ratio  is  said  to  be  coiisiaiil.  If,  however,  the  speed 
of  the  bar  does  not,  iu  the  successive  periods  of  its 
motion,  bear  any  uniform  relation  to  tlie  velocity  of 
the  axis,  then  the  velocity  ratio  of  the  two  pieces  is 
said  to  be  varying. 

Let  A,  Fig.  873,  be  the  centre  of  motiou  of  a 
plate,  to  which  an  alternating 
movement  of  rotation  can  be 
given.  In  this  plate  a  slit 
a  i  is  pierced,  having  parallel 
sides,  so  as  to  embrace  and 
nearly  fit  a  pin  m,  carried 
by  a  bar  c  d  fitted  between 
guides,  so  as  to  be  capable 
of  sliding  in  the  direction  of 
its  length.  While  the  plate 
revolves  in  the  direction  of 
the  arrow,  the  inner  side  of 
the   slit   presses    against   the  ^^s-  S73. 

pin  and  moves  it  further  from  the  centre  a;  but 
w-hen  the  plate  revolves  iu  the  opposite  direclion 
the  outer  edge  of  the  slit  acts  against  the  pin,  and 
moves  it  in  towards  the  centre  If  the  linear  velocity 
of  translation  of  the  bar-  be  requu-ed  to  be  exactly 
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equal  to  the  cii'ciilar  velocity  of  a  point  c  of  the  plate, 
then  the  curve  a  b  must  he  an  involute  of  the  circle 
whose  radius  is  a  c.  So  for  other  constant  velocity 
ratios,  curves  can  be  found  -which  shall  fulfil  the 
required  conditions. 

If  the  sliding  movement  of  the  bar  he  required  to 
continue  dui'ing  several  revolutions 
of  the  axis  a,  the  curve  ah  becomes 
converted  into  a  spiral  or  plane 
screw.  Fig.  874.  Were  the  rota- 
tory motion  of  the  axis  mdefinite 
and  in  one  direction  only,  the  to 
and  fro  sliding  motion  of  the  bar 
might  be  effected  by  continuing  the 
slit  a  h.  Kg.  873,  in  a  cui-ve  exactly 
like  the  first,  but  inverted  in  posi- 
tion, so  that  the  summits  of  tiie  two 

'iO-  87*.  ^j^j^  .^jj^  ^j  ^^  ^^^  (Ijgjj.  jj^jjjj.  pjjjj 

It  is  obvious  that  in  such  a  case  the  slit  must 
carried  quite  through  the  plate,  but  must  forai 
groove  in  its  face  only,  as  in  a,  Fig.  S75. 


at 


Now  suppose  that  the  velocity  ratio  of  the  two 
pieces  is  to  vary,  so  that  when  a  series  of  points,  1, 
.,__  2, 3,  4,  5,  Fig.  87G,  in  the  circum- 

ference of  the  circle  c  3,  5,  shall 
have  reached  in  order  the  point 
c,  the  pin  in  the  sliding  bar  shall 
be  moved  into  the  corresponding 
positions  i,  ii,  iii,  iv,  v.    To  each 
'_\f.  of  the  position  pomts  in  the  cir- 
'    cumferencc   of  the   circle  di-aw 
tangents,  and  from  the  centre  a 
draw  circular  arcs  through  the 
given  positions,  i,  ii,  iii,  iv,  &c. 
Ttj.  876.  intersecting  the  respective  tan- 

gents, T&a.ab  ode.  Then  a  curve  dra;vn  through 
this  series  of  points  ah  c  will  be  the  curve  requu-ed ; 
for  it  is  clear  that  if  any  point  (as  3)  of  the  circle 
be  moved  to  c,  the  corresponding  point  c  of  the  curve 
will  be  in  the  position  iii,  and  therefore  the  pin 
acted  on  by  this  curve  will  be  moved  as  required : 
and  so  for  any  other  pair  of  positions. 

■VViien  the  grooved  plate  is  used,  the  line  thus  traced 

is  the  centre  of  the  groove,   from  wliich  the  half 

thickness  of  the  pin  must  be 

sot  off  on  both  sides  to  give 

width  of  the   groove  re- 

'  quired.  But  it  is  obvious,  that 

if  the  pin  be,  by  the  pressui-e  of 

a  spring,  or  weight,  or  by  other 

contrivance,  made  to  bear  stea- 

^'^-  ''"'•  dily  upon  the  edge  of  the  plate 

ahcde,  Fig.  876,  the  required  movement  may  be 

obtained.     Such  a  plate  actmg  on  an  oscillating  arm 


(which  is  called  a  follower)  is  shown  in  Fig.  877.  The 
follower  will  obviously  make  one  double  oscillation 
up  and  down  during  each  revolution  of  the  axis. 

Such  a  cam  has  its  most  simple  form  when  no 
sudden  change  of  velocity  is  required  in  the  follower, 
and  one  complete  double  oscillation  is  to  be  made  for 
each  revolution  of  tlie  axis.    The  cam  then  becomes 


an  eccentric  circle,  as  at  c.  Fig.  878.     Here  a  is  the 

eccentric  centre  of  motion,  b  the  centre  of  the  cam, 

a  c  the  dkection  of  the  motion  in  the  follower,  which 

is  a  roller,  whose  centre  is  c.    Then 

J  c  is  constant,  and  the  motion  given  to 

the  follower  is  the  same  as  if  a  link 

h  c  and  crank  a  h  were  employed.     This 

form  may  he  modified,  as  in  Fig.  870, 

by  attaehmg  a  pin  c  to  an  eccentric  disc 

revolving  about  a  centre  a.     This  pin 

working  in  a  slotted  arm,  communica 

to   it  an  oscillating  motion  about  its        Fig.  879. 

Wixcvi  the  bar  or  follower  is  to  make  a  number  of 
oscillations  during  each  rotation  of  the  axis,  the  cam 
may  assume  the  form  of  a.  Fig.  878  ;  or  if  a  series  of 
lifts,  each  with  a  sudden  retxim  of  the  follower,  be  re- 
quired, the  outline  of  the  plate  may  be  like  b,  Fig.  S7S. 
When  these  lifts  are  communicated  (as  to  a  set  of 
stampers)  with  intervals  of  rest  between  them,  the 
cam  becomes  a  disc  bearing  projecting  teeth  or  cogs, 
as  at  D,  Fig.  878.  Such  teeth  or  cogs  are  then  called 
wipers  or  tappets. 

When  the  use  of  a  spring  or  weight  to  bruig  back 
the  follower  is  inconvenient,  the  gi-ooved  plate 
already  described  (a.  Fig.  875,)  may  be  employed. 
If  the  cam  revolve  always  in  the  same  direction,  tlie 
outside  of  the  curve  is  i-equired  during  that  portion 
of  the  revolution  only  in  which  the  follower  approaches 
the  centre.  Its  place  may  then  be  supplied  by  a  bar 
or  guide  fixed  to  the  cam, 'as  at  b,  Fig.  875.  Or  the 
follower  may  have  two  arms,  as  in  c.  Fig.  875,  rcsthig 
on  two  distinct  cams,  placed  one  behind  the  other  on 
the  same  axis,  so  that  when  the  edge  of  one  cam  is 
retiring,  that  of  the  other  is  advancing.  Care  must 
be  taken  that  th-e  distance  m  n  between  the  points  of 
contact  of  the  follower-arms  shall  be  always  the  same. 
It  is  obvious,  that  by  varying  the  form  of  the  curve 
for  the  groove  or  cncumference  of  the  plate,  the  mo- 
tion of  the  follower  at  the  several  phases  of  its  oscil- 
lation may  be  regulated  at  pleasure.' 

These  few  remarks  may  he  appropriately  wound  up 
with  a  description  of  the  method  by  which  the  main  cam 
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of  the  envelope-folding  inaelune  was  formed. 
880,  ii  the  centre  of  tlie  cam,  and  c'  the  ce 
the  lever   or  fol- 
lower. The  extent  „.,    !^. 7fi 

of  motion  of  this 
lever  is  first  deter- 
mined by  ni 


I  lever  c'a  during  its  predetermined  motion,  into  41 

I  spaces,  and  begmiiing  at  a  describe  from  the  centre 

c  a  circular  arc, 


theai 


if  prolonged  would 
reach  the  centre 
c.  The  fractiouof 
tlie  revolution  of 
the  wheel,  /.  e.  the 
time  occui)ied  in 
the  motion  of  the 
lever,  is  also  pre- 
determiued,  and 
marked  out  by 
means  of  the  arc   , 

With  the  radius 

c'  c",  and  from  c' 
set  oft'  the  portion 
c  IX,  corresponding 
to  the  angle  com- 
prised between  the 
radii  r  /.  Divide 
this  into  any  odd 

nine  for  example,  numbered 
that  of  the  motion  of  the 
by  the  laws  of  mechanics,  a  falling  body  moves 
successive  intervals  of  time  through  spaces  cor 
spending  to  the  odd  numbers,  1,  3,  5,  7,  &c.,  and 
it  is  of  advantage  to  give  equal  impulses  to  the  ma- 
eliiiie,  the  same  law  is  followed  in  the  extent  of  mo- 
tion given  by  the  cam  to  the  lever ;  but  if  this  law 
were  to  operate  until  the  end  of  the  motion,  a  con- 
siderable shock  would  be  given  to  the  macldne,  since 
tiie  body  being  set  in  motion  would  be  moving  at 
its  greatest  velocity  by  the  time  it  had  completed  one 
revolution.  It  is  therefore  arranged  that  this  law- 
shall  be  maintained  up  to  a  certain  point,  or  until  the 
centre  of  the  motion  is  arrived  at,  after  which,  the 
motion  is  contmued  with  a  velocity  constantly  de- 
creasing in  the  same  ratio  as  it  before  increased.  For 
le  periods  previously  detenniued  ou, 
ICC  is  moved  through  equal  to     1 


way,  SI 


of 


sive  segmeuti 
cu'cles  are  drawn 
from  the  centre 
c,  at  such  dis- 
tances as  to  pass 
through  the  1st, 
4th,  9th,  IGth, 
25th,  32d,  37th, 
40th,  41st,   divi- 

responding  to  the 
spaces,  1,3,5,7,9, 
7,  5,  3,1),  and  in- 
tersecting the  ra- 
'  and  a'r". 
With  the  radius  a 
C",  placed  succes- 
sively at  the  inter- 
vals 1, 11,111,  IV,  &c. 


theai 


c'c", 


opposite  to  I  curved  line  a  to 


ersect  the  arcs  I, 
I,  III,  IV,  &c.    A 


Period  I. 


le  square  of  the  tunes  25 

^s  moved  througli  equal  to     7 


ir  in  the  inverse  ratio  of  the  squares  of  the  times  41 
We  therefore  divide  the  arc  a  a,  described  by  the 


di-awn  through  these  varii 
tre  line  of  one  face  of  the  cam.  The 
lever  might  be  made  to  return  immediately  to  its  former 
I  position,  or  to  any  intermediate  position,  but  in  the  cam 
about  to  be  described  it  is  intended  to  remain  for  a 
certain  period  at  rest ;  therefore,  the  centre  line  of  that 
portion  of  the  cam  which  is  intended  to  keep  the  lever 
at  rest,  must  evidently  be  a  portion  of  a  circle  de- 
scribed fi'om  the  centre  c,  and  marked  ix  to  s.  The 
opposite  face  of  the  cam  s  a"  is  set  out  in  precisely  the 
same  manner  as  the  portion  a  rx,  but  it  does  not  follow 
that  it  has  the  same  form,  because  the  elements  may 
be  different.  The  portion  a  d  being  a  period  of  rest  is 
likewise  concentric  to  the  centre  c.  From  this  centre 
line  the  half  diameter  of  the  roller  or  stud  to  be  used 
on  the  follower  of  the  cam  is  set  off. on  both  sides,  so 
as  to  mark  out  a  broad  path  having  its  two  boundaries 
equi-distant  at  all  pomts  from  the  centre  line  ar  r  a. 
Within  this  path  the  roller  travels  in  the  same  way  as 
the  pin  in  the  grooved  plate  already  described.  A 
roUer  is  used  simply  to  diminish  friction,  and  to  prevent 
the  abrasion  and  consequent  change  of  form  of  the 
curved  path. 

In  this  machine  all  the  cams  are  double ;  that  is, 
the  truck  or  roller  attached  to  each  of  the  levers  is 
controlled  in  its  motion  by  two  surfaces,  and  not,  as 
is  often  the  case,  by  one  surface,  against  which  it  is 
pressed  by  a  spring.  This  latter  method  is  objection- 
able on  account  of  its  absorbing  a  great  amount  of 
power ;  for  unless  the  sjiring  be  strong  enough  to  keep 
the  truck  in  close  contact,  it  is  apt  to  fly  off  and 
produce  shocks  to  the  machinery,  especially  if  the 
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bteam  engine  or  driving  power  should  hipiicii  (o  be 
slulltlv  icc(l<i%t<dliispppd 


seal  fl  ip  IS  ilso  gummed  by  hand     Ihe  lozenge 
piemud  lie  then  handed  to  the  Itcdi 
1>1 1  (M  them  one  at  a  tint  oii  a  snull 


levels  4  and  5  of  the  plungci  G  Fig  bbi  then  con 

witlun  the  stops 

struction  only  admits  ot  their  beuio  bdl  mctd  by  the 

ifffffff      which 

couiiluwei  his  1      1 

stops  also  toun 

ihepiiuii!      1   ill      mil    111-,  cleaily  undeistood 

the  beaiings  of 

we  next  pi         1        i       i      iln  \  uious  paits  of  the 

the      ti  augul  a 

folding  muluH     11,  il        ,           1   Ihui  woik 

foldcis  5'5  5  j' 

I'll                   Mm     mil  liiuedii,  to  fold  rii     '   ]  r 

\         ,1  istheen 

pi                        1         111.    propel  shape  and  t 

IS  placed 

111                                li\  inems  of  gum      llii   i 

Milk    the  C 

the  luldiUn  miaimc  Ihib  iuilIuiu  iui_,lit  be  so 
di landed  as  to  stamp  the  sed  and  loed  itself  but  m 
oidti  to  St  imp  elhcitntlv  the  puts  must  be  nude 
considci  ihly  stion^ti  thin  they  aie  m  this  machine 
md  it  seldom  lnp|Kns  thit  a  sufficient  number  ot 
lendei  such 


u.  idip 


led    Moi 


moti 

)ii   ml 

oriucfd  m 

m  icl 

me     s 

0  th  it  m  t 

advi 

ita^eoub  to  en„ 

Ihcu  as  le 

appi 

it  us  y 

voiild  not  1 

tl2-( 

111  cau 

iiitd 

1  the 

m  rlnn.     i 

the  compound  bu\  or  plun^ei  5  Eigs  S'<i 
.  biought  down  by  the  cam  3  upon  the  t  ihle 
pliuigei  descending 


ito  the  1 
i  I  \  the  loui  axe    of  t 
I        I         clrllcsdo^^^thee 
\  elupe  and  ci^  isi  s  it  m  a  lei 
augulartorm  theloi 
flaps  standing  up  in  a\  ei  tn 
phuigei  beuij,  moved  by  rh  it  si 
by  the  dotted  lines  in  I'l^  tiS^ 
loom  fi.i  the  two  end  lohleis 


1  lUgul  11 


lb  to  1.  I 


use  up  s( 

5'o'  to  tuin  o\ci  nut 
ymadvinceol  thenthi  i 
ud  il  ips  of  the  em  clop„ 

two  tuingolai  foldeis 
/    Di  the  Older  of  the 


fiom  the  fact    thit  cm 
th  in  1   envelope  in 
„eiuiillv  auscliomil. 
The  blank  eiivek  pi 
aie  cut  out  250  at    i 


needled 
idity  and 


ic  is  htth  . 
n  the  cuttm 


tmey  envelopes  (which  aie 
less  ehgaut  m  foiu-  thm  the  plam  lozenge) 
aste  is  oiten  consideiable  Thus  it  wJl  be 
lit  th  it  theie  must  be  a  gie  itei  w  istc  m  cutting 
than  in  E  The  waste  pipei  is  letuincd  to 
ipei  md  ci  to  be  made  into  |mlp 
L  blinks  lie  next  stamped  with  a  sed  at  the 
ssm^  piess     [see    Lmuu  sim  iiit  -  ]    and    the 


Duim^  the  whole  ol  these  opci  itions  the  s 
the  pluii^ei   5   winch  had  lenniued  down  s( 
piovent  the  envelope  fiom  beiUj,  distiubid 
moved  upwiulb  1)>  the  cam  3,  seen  best  lu  li 
and  leiu  ini  up  untd  ilie 
of  anothei  tii\  1  t'l 


I'l    I  dt-iueoubl)  kuiii„  the 

ilii   flips  of  the  envelope 
111  1   I  he  papei   be  liable  to 

1  I  1  ^  1  u  h  le  15  I  I  aii\  inec  ioi  keeping  them 
piessed  down  loi  which  puipose  the  appai  itus 
which  lemoves  eioh  envelope  as  sooi  as  it  is  lolded 
also  places  it  m  a  pile  unmediately  undci  the  one 
list  folded 

The  taking  off  and  pding  appai  itus  consists  ol  a 
slide  12  hm„ed  it  12'  cipibleoi  using  and  falluig 
iiidol  isaddle  13'  ciumiIb  the  fin^eis  13'  seen  b.bt 
m  li^s  St.0  md  biZ     Tins  sadiUe  moves  in  a  hon 
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zontal  directiou  ou  tlic  slide  12.  The  points  of  the 
fingers  move  by  a  combination  of  these  two  motions, 
the  vertical  and  tlie  horizontal,  in  the  line  shown  in 
-S=—j,  rig.  S85,  and  in  the  direction  of  the 
\'/'^^^^^^ '  arrows.  After tlie  envelope  is  folded, 
Fi    8S5  ^'^'^  fingers  13"  arc  hrnndit  dnwn 

of  the  folders  5',  by  means  of  1  i   lt. 

887,  ono  side  of  which  is  ap]  r  A 

motion  of  the  slide,  and  the  (■:       '  ■  i  .':il 

motion  of  the  saddle.  When  lu  fhce  ini.tinus  the 
fingers  are  brought  into  contact  with  the  envelope,  they 
are  raised  up,  and  at  the  same  time  the  table  t  is  made 
to  rise  with  them,  by  means  of  a  projection  on  the  rim 
of  tiic  cam  3,  "Fig.  88  i,  in  such  a  mamier  as  to  keep  the 
envelope  ^n-mly  pressed  against  the  fingers.  The  next 
motion  of  the  fingers  is  the  horizontal  one  ;  they  are 
moved  along  the  springing  table  1.5,  carrying  the  en- 
velope with  them,  adhesion  being  promoted  by  tipping 
the  points  of  the  fingers  with  caoutchouc.  As  soon  as 
the  envelope  reaches  its  destination  under  the  pile,  the 
slide  is  lifted  by  means  of  the  cam  13,  by  which  means 
the  fingers  are  disengaged  from  the  envelope,  and  they 
remain  at  rest  nntil  the  next  envelope  is  folded.  The 
envelopes  thus  removed  from  the  table  are  knocked 
over  by  means  of  a  small  beater  16,  moved  by  a 
pin  ou  the  slide  12  on  to  an  endless  blanket  17, 
and  pass  under  a  small  roller  IS,  which  serves  to 
compress  tlie  folds  of  tlie  euvelopc  more  closely  to- 


gether. The  envelopes  then  rise  in  a  pile  in  the  three- 
sided  trougli  19,  from  which  they  are  removed  at 
mteiTals  by  an  attendant. 

On  reference  to  Figs.  SS4,  886,  887,  it  will  be  seen 
that  a  series  of  racks  6"  7"  S"  9",  serve  to  commu- 
nicate motion  from  the  levers  6'  7'  8'  9'  to  the  wheels 
6'"  7'"  8'"  9'",  affixed  to  the  folder  axes  5  5  5  5.  The 
object  of  this  is  to  allow  of  the  transmission  of  mo- 
tion to  the  folding  apparatus  for  envelopes  of  vaiious 
sizes.  The  levers  and  racks  retain  their  position,  the 
folder  axes  being  adjusted  either  at  a  greater  or  a  less 
distance  from  the  centre  of  the  machine,  in  case  a 
larger  or  a  smaller  envelope  be  required  to  be  folded. 
Were  it  not  for  this  provision,  the  cams  and  levers 
would  have  to  be  reconstructed  for  every  variation  in 
the  size  of  the  envelope,  or,  in  other  words,  a  new 
machine  would  be  required  for  every  size  of  envelope 

The  gumming  apparatus,  shown  separately  in  Figs. 
8S8  and  889,  requires  some  fui-ther  notice.  The  cam 
11,  Figs.  SSi  and  8S8,  gives  motion  to  the  lever  11'. 
and  this  to  the  wheel  11",  and  the  axis  to  which  it 
is  aflixed.  The  prolongation  of  this  axis  carries  a 
lever  e,  and  is  hinged  to  a  small  frame  ff,  which 
carries  the  gummer  10.  The  curved  lever  e'  is 
liiied  to  the  opposite  side  of  the  frame  ff,  and 
seiTcs  to  retain  it  always  horizontal  to  the  plane  of 
the  table  t,  so  that  when  the  former  moves  forward 
on  to  the  envelope,  its  action  is  very  similar  to  that 
of  the  closing  uf  a  parallel  ruler.     This  gummer  10 
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lever  worked  by  the  axis  11",  and  working  in  a  ratchet 
wlicfl  22,  lixed  lo  one  of  the  roUeis  of  the  endless 
blanket.     In  I"!"-.  8SS,  the  two  positions  of  the  giun- 

As  the  principal  cam  revolve",  .-it  tli.'  r-ip  nf  filiont 
one  revolntiou  per  second,  it  i  ■'  '^  ;.  •  i  ii  id 
the  machine  when  in  motion  \>  i  ,  .  i^  .  >  ■  ;  ^ 
at  that  rate.  If  the  boy  i,  ,  -  i  '  ihr 
proper  time,  ?.«.  on  :'::•■  •  mn, 

two  things  Lappi  u  ;  <iie 

is,  that  the  guium.r  ,.i  ,,all 

table  T,  .so  that  th-  ,:r  ,t    1:  .  >■  niil  be 

spoUed;  secondly,  the  envelope  wliieh  had  been  pre- 
nously  folded,  and  which  by  the  arrangement  of  the 
taking  otf  lingers  is  left  projecting  a  little  from  the 
pile,  would  be  knocked  \\]>  in  tlie  lu-ap,  in  consequence 
of  which  the  succr.  ■  "j  imm!-  \ unkl  enter  the 
pile  with  so  much   (!   ,  ,      i      l.c  crumpled  up 

and  spoiled,  and  it   n -_   ■         ■       -  I   -rvcral  others. 

Both     of    tl,<    -:■     r,    ,    .:, •      :      r      ,.    ,v,,,'r,l     bv      t  WO 


VrV: 


axis   and  the  guiiiin  .    :      i  > 

ujion  the  table  T  ;  sii  i        i.     ,:,  ■ ivanoe,  as  long 

as  the  stop  i-emaiui  ;..  |  .;:.!:.  ilic  gammer  docs 
not  come  in  contact  with  the  table  :  the  second  stop 
catches  a  projection  13'",  affixed  to  the  axis  of  the 
.ingers  13",  which  are  adjusted  so  as  to  turn  in  a 
small  arc  of  a  circle,  so  that  as  the  saddle  13'  retreats 
along  the  slide  12,  the  fingers  tui'n  upwards  aud 
away  from  the  projecting  or  leading  envelope,  as  it  is 
liiiaed,  which  ^vas  previously  folded.  The  slide  in 
I :  ill-  l:iiii_  ;i  i.K.jecling  piece  on  the  axis  against  a 
i  1.  '  '  I  I  Ill's  the  fingers  iu  theii-  usual  posi- 
-  the  lad  ceases  to  feed  the  machine 
'  (  I  III .  ni  .HUM-,  when  it  is  not  at  work)  he  leaves 
L-olh  these  stops  at  rest;  but  as  soon  as  he  has  fed 
the  machine,  he  instantly  removes  them,  and  the 
operations  proceed  in  the  order  previously  described. 
By   these   sunijle   contrivances,    the   wa,ste    of    the 
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machine  is  reduced  to  the  small  quantity  already 
noticed.  But  it  may  be  asked.  Instead  of  these  com- 
plicated provisions,  why  not  adopt  the  apparently 
simpler  course  of  stopping  the  machine,  by  shifting 
the  strap  from  the  fast  pulley  p,  to  the  loose 
puUey  p'  ?  The  answer  is,  that  it  is  impossible  either 
to  stop  or  to  start  the  machine  instantly  ;  for  as  the 
machine  makes  one  whole  revolution  in  a  second,  its 
several  parts  have  a  momentum  due  to  that  velocity, 
and  could  not  be  arrested  in  less  than  3  or  4 
seconds;  but  by  the  ingenious  contrivances  above 
described,  no  time  is  lost,  except  that  required  for 
the  feeding  of  one  envelope ;  and  should  the  boy  see  a 
In-oken  sheet  of  paper  or  find  that  two  are  stuck  to- 
gether, and  require  a  brief  instant  to  remedy  the  defect, 
he  can  thus  secure  it  mthout  stopping  the  machine. 

This  ingenious  and  higlily  interesting  machine  was 
patented  on  the  17th  March,  1845,  by  Edwin  Hill 
and  Warren  De  la  Rue.  An  apparatus  for  cutting 
out  the  blanks  was  also  included  in  the  same  patent. 
Previous  to  this  date,  envelopes  were  cut  out  by 
means  of  chisels,  the  paper  having  been  rougldy  cut 
to  shape,  aud  then  held  between  two  templates  of 
the  proper  form.  The  envelopes  were  then  folded  by 
lianil  witli  the  assistance  of  a  common  bone  knife  or 
t'    I   It    '  '  ':      A  quick  hand  could  on  an  average 

••■'  '■•'■      iiiiiO  per  day.     Now  the  machine  folds 

viiili  a  1  IK  iMun  not  attainable  by  hand,  from  45  to 
6U  per  mniute;  this  is  the  average  including  all 
causes  of  stoppage;  so  that  iu  a  day  of  10  hours, 
from  27,000  to  30,000  envelopes  are  completed, 
which  when  seen  in  a  pile,  appear  as  if  they  had  all 
been  cut  to  size  by  a  knife. 

In  this  machine,  ecomony  of  space  is  as  remarkable 
as  rapidity  of  production  and  excellence  of  work- 
manship. This  machine  does  the  work  of  10  skill'ul 
folders,  and  does  not  occupy  more  space  than  would 
be  required  by  one  folder.  But  it  may  be  asked,  is 
this  really  an  advantage  ?  Does  not  one  of  these 
machines  deprive  ten  pairs  of  human  hands  of  the 
means  of  earning  bread  ?  AVe  have  already  exan\ined 
this  question  in  other  articles  of  our  Cyclopiedia,  and 
we  again  answer.  No  !  If  the  10  envelope  folders 
who  are  superseded  by  1  of  these  machines  could 
absolutely  do  nothing  else  but  fold  envelopes,  then 
they  would  suffer ;  but  no  one  pretends  that  10  busy, 
active  and  intelUgcnt  young  women  who  have  attained 
skill  in  this  busmess,  are  incapable  of  quickly  attaining 
skiU  in  other  occupations  where  activity  aud  skill 
are  required.  Other  occupations,  it  is  true,  may  not 
be  readily  proctu'cd,  and  these  10  folders  may  for  a 
time  suffer  from  want  of  employment ;  but  if  our 
principle  is  true,  that  improved  machuiery  increases 
employment  among  operatives,  it  is  true  in  this  case 
also,  as  the  following  det;dls  will  show.  The  envelope- 
folding  machine  has  made  envelopes  cheap,  and  as 
adhesive  envelopes  are  convenient,  the  demand  for 
them  has  s\n'prisingly  increased.  Previous  to  the 
year  1839,  envelopes  were  not  used,  because  the  Post 
Office  charged  double  postage  if  one  piece  of  pajier 
were  enclosed  in  anotuer.  The  date  of  the  Act  for 
adopting  postage  reform,  was  I7lh  August,  1S30,  aud 
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the  date  of  the  commeucement  of  charge  of  postage 
by  weight  instead  of  by  the  number  of  enclosures, 
was  the  5tli  December,  1SS9,  when  a  fourfjenny  rale 
was  adopted.  Ou  the  10th  January,  1810,  the 
penny  postage  rate  commenced ;  envelopes  were  now 
introduced,  but  they  were  not  much  used.  On  the 
Gtii  Mav,  18i0,  stamps  and  stamped  envelopes  were 
introduced,  and  so  convenient  were  the  latter  found, 
especially  when  made  adhesive,  that  the  use  of  them 
rapidly  extended.  Now  we  may  get  some  idea  of  the  de- 
maud  for  envelopes  by  the  following  table,  showing  the 
number  of  letters  which  have  passed  througli  the  Post 
Office  during  the  last  twenty  years.  In  1S39,  before 
the  introduction  of  the  penny  postage,  the  gross  annual 
number  of  letters  passing  through  the  Post  Office  in 
the  United  Kingdom,  was  estimated  at  70  millions. 


If  tlie  greater  part  of  tlie  .501,000,001.)  letters  posted 
in  ISOO  were  enclosed  in  envelopes,  and  most  written 
communications  sent  by  hand  are  (to  save  the  trouble  of 
wax  or  wafers)  enclosed  in  adhesive  envelopes,  remem- 
bering too  the  large  quantities  of  envelopes  exported 
to  tlie  colonies,  &c.,  we  have  a  vast  and  increasing 
trade  in  the  manufacture  of  these  useful  articles.  To 
produce  these  envelopes  by  hand  at  their  present 
price,  would  be  simply  impossible :  to  charge  a  higher 
price  in  order  to  remunerate  the  army  of  folders 
required  to  produce  so  vast  a  quantity,  would  be  to 
destroy  the  envelope  trade;  for  unless  envelopes 
continue  to  be  sold  at  an  exceedingly  clieap  rate,  the 
demand  for  them  would  decline  far  more  rapidly  than 
it  originated.  Now  the  effect  of  this  increased  de- 
mand for  envelopes  is  to  multiply  labour.  In  ihefisl 
place,  the  demand  for  paper  is  so  great,  that  at  tlie 
present  time  a  scarcity  of  rags  is  being  felt ;  in  the 
seroml  place,  the  tool-inak(ns  and  tlie  engineers  are 
actively  employed  in  supplying  envelope  machines, 
and  the  subsidiary  apparatus,  and  keeping  tliein  all  in 
repair;  (/ii,-i//j/,  new  punches  are  being  constantly 
made  for  stamping  the  crest  or  the  initials  of  the  con- 


sumer on  his  envelopes,  or  for  embossing  fancy  pat- 
terns thereon;  while  the  embossing-press  is  kept  in 
constant  activity.  FouHhlii,  the  demand  for  gum  for 
adhesive  envelopes  is  now  so  large,  as  to  have  origi- 
nated a  new  branch  of  manufacture  to  supply  it.  [See 
Gum.]  We  might  go  on  to  point  out  the  moral  effects 
of  the  envelope  machine;  bow,  by  increasing  the 
facilities  for  letter  writing,  the  intellectual  occupations 
of  the  people  are  increased,  their  mutual  sympathies 
kept  alive,  and  the  great  cause  of  popular  education 
encouraged ;  but  we  trust  that  enough  has  been  said 
to  show  that  the  introduction  of  so  active  a  producer  wi 
tlie  envelope-folding  michine,  is  not  an  industrial  evil. 
In  the  Great  Exhihiti,-u,,;i  -^rmnd  Culfli,  ;- :-ir!iiii- hy 
M.  Remond  wasslioH  u.    I  i'       ■         •      .    -'- 

ready  described  in  siiui'    --  ,  ll. 

notice.  This  machine  is  -,  ,i  :,  ,  in;  ■,  i  u  ■,■.  imIi  pi  |i.-:  e 
a  hollow  arm  moving  backwards  and  IVirwaids,  is  alter- 
nately exhausted  and  filled  with  air.  In  its  exhausted 
state  it  arrives  just  over  a  jiile  of  blank  envelopes  or 
lozenges,  the  top  one  of  which  clings  to  it  by  atmos- 
pheric pressure:  the  arm  then  moves  on,  becomes 
filled  with  air,  and  drops  the  blank  upon  a  moveable 
table.  A  dabber  then  falls  down  and  presses  t  he  en- 
velope against  two  gum  troughs  whicli  contain  a  sponge 
and  resemble  the  wick-holder  of  a  lamp,  they  being  so 
adjusted  as  to  place  the  gum  where  it  is  wanted.  A 
rectangular  frame  or  plunger  next  forces  the  paper 
into  a  rectangular  opening.  Each  of  the  four  corners 
is  then  inclined  inwards  by  a  puff" of  condense<l  air  whicli 
issues  from  a  slit  near  it.  The  hollow  plunger  then  falls 
down  a  second  time,  and  cnnnl.ies  the  fold  by  three 
internal  projections  c-!r  1,  !  i ^.   ...     The  enve- 

and  then  slightly  press..  .1  i  i,,  .  m,.  ,,,iir  is  not  nearly 
so  certain  in  its  action  as  tiiai  previously  described. 

EPllOUVETTE,  see  Gunpowder. 

EPSOM  SALTS,  see  Magnesium. 

EQUILIBRIUM  (from  ccqiia  libra,  equal  weiglit). 
A  body  is  said  to  be  in  equilibrium  when  the  fiuces 
which  act  upon  it  mutually  counterbalance  each  other, 
or  when  they  are  counterbalanced  by  some  passive 
force  or  resistance.  Thus  a  body  suspended  from  the 
end  of  a  thread  is  in  equilibrium,  bc-cause  the  attrac- 
tion of  gravitation,  which  would  cause  it  to  fall,  is 
counterbalanced  by  tbe  resistance  of  the  thread,  and 
by  that  of  the  point  of  suspension.  A  body  may 
be  in  equilibrium  without  any  apparent  resist aiiee. 
Thus  a  fish  may  be  in  equilibrium  in  water,  and  a 
balloon  in  air ;  but  the  weight  which  would  cause  the 
fish  to  siuk  or  the  balloon  to  fall,  is  exactly  counter- 
balanced by  other  forces.  We  may,  however,  regard 
all  bodies  which  appear  to  us  to  be  at  rest,  as  being 
actually  in  a  state  of  equilibrium,  or  equally  balanci  d 
between  or  among  forces  which  destroy  each  other. 
The  conditions  of  equilibrium  are  determined  hy  the 
science  of  Statics,  (trraroc,  standing  still)  as  regauls 
solids;  and  by  IIydhostaiiCs  (KJiup,  water,  and 
(TraJ-o<;,)  as  regards  fluids.' 

EQUIVALENTS,  -see  Atomic  Theory. 
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ERMINE,  sec  Fur. 
ESCAPEMENT,  see  Hoeologt. 
ESSENTIAL  OILS.  The  essential  or  volatile 
oils  may  be  regarded  as  the  odorous  princiijles  of 
vegetables,  and  the  term  is  generally  appKed  to  these 
products,  as  obtained  by  distilling  the  plant  with 
water;  in  some  cases  the  oil  is  thus  derived  from  the 
fresh  or  salted  jilant,  as  from  roses  and  orange 
flowers  ;  in  others,  from  the  dried  plant ;  and  some- 
times it  may  be  pressed  out  of  the  cellular  stnicture 
containing  it,  as  in  orange  and  lemon,  peel.  These 
oils  are  frequently  obtained  from  every  part  of  the 
plant,  but  there  arc  generally  peculiai-ities  in  the  oil 
derived  from  different  parts  of  the  same  plant ;  thus, 
with  regard  to  the  orange-tree,  the  leaves,  flowers, 
and  fruit,  each  yield  a  distinct  oQ.  The  boiling-points 
of  ahnost  aU  these  oils  are  above  that  of  water,  but 
their  vapours  are  carried  over  with  steam  at  212°, 
a)id  condensed  with  it  in  the  refrigerator ;  a  portion 
of  the  oil  is,  however,  always  retained  in  solution  in 
the  water,  constituting  what  are  called  medicated  and 
perfumed  waters,  while  the  remainder  either  floats  upon 
the  surface  or  sinlcs  to  the  bottom,  according  as  it  is 
less  or  more  dense  than  distUled  water.  The  greater 
number  of  these  oils  are  lighter  than  water,  and  in 
such  cases,  the  distilled  product  is  received  into  a 
vessel  caUcd  a  Florentine  receiver,  Fig.  890.  It  is 
conical  in  form,  and  at  the  side  is 
a  spout  i  c  communicating  with 
the  bottom,  the  orifice  c  of  the 
spout  being  much  lower  than  the 
^  mouth  a  of  the  receiver.  The  dis- 
tilled product  being  poured  in  this 
vessel,  the  oil  b  separates  from  the 
water  A,  and  occupies  the  upper 
part  of  the  vessel.     The  water 

'  3CS  above  the  bend  of  the  spout 
flows  off  at  c,  while  the  essen  ' 
oil  may  be  from  tune  to  tune 
;ans  of  a  pipette.     In  some  cases  the 
e  separated  from  each  other  by  pouring 
the  contents  of  the  recipient  into  a  fumiel,  the  tube 
of  which  is  closed  by  the  finger,  and,  when  the  oil 
has  collected  upon  the   surface, 
the  water  is  suffered  to  run  from 
beneath  it,  and  the  oil  is  trans- 
ferred into  a  bottle.     When  the 
oil  is  heavier  than  water,  these 
operations  are  of  course  inverted. 
Instead  of  a  common  funnel,  the 
separator,  shown  in  Fig.  S91,  may 
be  conveniently  employed,  as  the 
oil  may  be  retained  in  it,  and  at 
the   same   tune   preserved    from 
contact  of  air.  The  distilled  water, 
being  in  these  oases  already  satu- 
rated -nith  the  oil,  should  be  re- 
tained for  a  repetition  of  the  dis- 
tillation.    The  produce  of  oil  is 
^'^-  ^'""  sometimes  stated  to  be  increased 

by  adding  salt  to  the  water  in  the  still,  so  as  to  ele- 
vate its  boiling  point.  T\'lien,  as  in  the  case  of  oranges. 


ved  by  m 


lemons,  and  similar  fruits,  the  oil  is  expressed  mstead 
of  distilled,  the  yellow  part  of  the  rind  is  rasped  o2 
and  pressed  in  hair-cloth  bags ;  the  expressed  juice 
separates,  on  standing,  into  two  distinct  portions,  the 
inferior  of  which  is  aqueous,  and  the  superior  oily. 
The  oil  thus  obtained  is  generally  more  fragrant 
than  when  heat  has  been  resorted  to,  but  it  is  at  the 
same  time  less  pure;  and,  altliough  it  gradually 
clarifies  itself,  by  depositing  the  substances  held  in 
mechanical  suspension,  it  retains  colouring  and  other 
matters  in  permanent  solution,  so  that  when  dropped 
upon  paper  it  leaves  a  stain,  and  does  not  produce  a 
clear  alcoholic  solution.  There  are  some  of  these 
oils  which  are  produced  in  such  small  quantities,  or 
which  are  so  delicate  and  evanescent,  as  not  to  admit 
of  collection  by  either  of  the  preceding  methods,  such 
as  the  fragrancy  of  the  flowers  of  the  jasmuie,  the 
violet,  the  tuberose,  the  lime-tree,  the  narcissus,  and 
some  others.  To  obtain  these,  the  fresh  flowers  are 
stratified  with  layers  of  cotton  imbued  with  some 
inodorous  fixed  oil ;  this  gradually  absorbs  the 
volatile  oil  or  perfume  of  the  flower,  and  when 
saturated  with  it,  the  cotton  is  digested  in  alcohol, 
which  abstracts  the  essential  from  the  fixed  oil,  and 
an  •  odoriferous  essence  is  obtained.  Sometimes  the 
cotton  is  distilled  with  water  or  with  alcohol,  and  the 
oil  separated  by  that  process  ;  it  is,  however,  gene- 
rally too  delicate  to  admit  of  such  treatment  without 
great  deterioration,  or  even  entii-e  destmction. 

The  essential  oils  are  applied  to  many  useful 
purposes  ;  the  cheapest  .and  most  abundant  are  used 
in  the  manufacture  of  paints  and  varnishes,  and  are 
occasionally  burned  in  lamps ;  otliers  are  employed 
in  pharmacy  and  medicine,  and  are  generally  powerfid 
and  diffusible  stimulants ;  others,  and  especially  such 
as  possess  agreeable  odours,  are  used  for  the  various 
purposes  of  perfumery.  In  general,  these  oils  are 
ready  formed  in  the  plants  whence  they  are  derived, 
but  in  some  cases  they  are  no  doubt  generated  by 
the  action  of  water  upon  peculiar  principles  existmg 
in  the  vegetable.  Heuce,  also,  some  plants  which 
are  naturally  inodorous,  yield  a  strongly  scented 
volatile  oil  after  they  have  been  subjected  to  fei-men- 
tation,  as  in  the  case  of  the  lesser  centaury  (Centau- 
rium  minus).  There  are  also  a  few  instances  in 
which  essential  oils  have  been  artificially  produced. 

When  fresh  and  pure,  the  essential  oils  are  mostly 
colourless,  or  nearly  so ;  but  they  are  generally  of 
various  tuits  of  yellow  or  brown,  or  soon  become  so 
under  the  influence  of  aii-;  some  few  of  them  are 
green  and  blue,  and  several  of  them,  even  after 
having  acquired  colour,  lose  it  under  the  continuous 
influence  of  light.  Their  odoui-s  more  or  less  resemble 
those  of  the  fresh  plants  whence  they  are  derived,  but 
are  less  agreeable,  partly  in  consequence  of  concentra- 
tion, for  they  become  more  pleasant  when  diluted  by, 
or  diffused  through  a  large  bulk  of  an:,  or  when  at- 
tenuated by  solution  in  some  inodorous  vehicle. 

Liebig  has  observed  that  the  odour  of  these  oils 
is  greatly  influenced  by  theii-  chemical  relations  to  air 
and  water ;  that  they  aU  absorb  oxygen ;  and  that 
those  which  do  so  most  rapielly,  are  most  odorous. 
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If  non-oxygenized  oils  (liydrocarbons)  be  distUlcd  off 
fjuic.kliiiie,  eiiker  in.  vacuo  or  iu  a  stream  of  carbouio 
acid,  the  product  is  so  far  inodorous,  that  it  is 
difficidt,  under  these  cii-curastances,  to  distinguish  oil 
of  lemons,  of  juniper,  and  of  turpentine,  from  each 
othcu- ;  but  after  exposure  to  air,  especially  if  spread 
upon  a  piece  of  paper,  their  natural  characteristic 
odours  return,  and  they  at  the  same  time  become 
viscid  ami  icsinous,  so  that  it  would  appear  as  if  the 
od"ur  ■!  I  .  ilir  IV Mill  of  the  act  of  oxidizemcnt,  as 

'I':  i   I  I  iiossessed  of  strong,  aromatic, 

auJiii  i;  i,  ',  jiiuigout  and  burning  flavours,  and 
many  of  thLUi  are  poisonous.  They  have  not  the 
greasy  feel  of  the  fat  oils,  but,  on  the  contrary,  arc 
rather  rough  npon  the  cuticle,  and  cause  a  cork 
moi.stcncd  by  them  to  squeak  when  twisted  into  a 
pliial.  They  are  inflammable,  and  burn  with  a  bright, 
but  often  very  smoky  flame. 

The  specilic  gravity  of  the  essential  oil  fluctuates 
between  the  extremes  i.i'  •'.-{•',  nil  1  imr.  The 
greater  number  of  then; 
shown  in  the  following  t:.' 
gravities;  but  the  resulis 
afiproximate,  for  the  den; 
the    mode  of   distillation 

process  at  which  they  are  collected,  the  first  porti 
which  pass  over  being  often  less  dense  than  the  last. 
They  are  also  influenced  by  the  condition  of  the 
plant,  the  period  at  which  it  is  cropped,  the  age  of 
the  oil,  and  its  greater  or  less  exposure  to  air ;  so 
that  the  same  kind  of  oil,  produced  in  England,  and 
elsewhere,  often  varies  considerably.  Thus  Proust 
foiuid  camphor  in  the  oils  of  some  of  the  labiata  of 
Spain,  while  there  was  none  in  those  of  France. 


I-  specific 
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The  greater  number  of  the  volatile  oils  appear  to 
be  mixtures  of  two,  and  sometimes  of  three  dilfcrcnt 
products;  one  of  which  is  a  lii/drocarboii,  and  ihe 
other  an  oxi/hi/drocarbon ;  and  in  many  eases  the 
latter,  when  isolated,  assumes  a  concrete  form,  con- 
stituting a  species  of  camphor.  Berzelius  applies  t  he 
term  stearoptene  and  elaiopkne  to  these  solid  and 
fluid  products ;  (from  a-riap,  fat,  or  eXaioi/,  oil,  and 
■nrr^voi,  volatile ;)  and  they  often  admit  of  separation 
by  the  application  of  cold,  wliich  causes  the  camphor 
to  solidify ;  or  by  distillation,  when  the  portion  of 
the  oil  wliich  is  destitute  of  oxygen  passes  over  at  a 
lower  temperature  than  that  which  contains  oxygen  ; 
but  when  these  mixed  ods  are  thus  distilled,  their 
separation  is  never  perfect,  the  more  volatile  hydro- 
carbon always  carrying  over  with  it  a  portion  of  the 
less  volatile  oxyhydroearbon ;  so  that  other  methods 
arc  resorted  to,  entirely  to  deprive  the  former  of 
oxygen,  amongst  which,  the  action  of  fused  caustic 
potassa  is  one  of  the  most  cflieient,  for  by  it  the 
whole  of  the  oxygen  (and  part  of  the  carbon)  is 
abstracted  in  the  fomi  of  carbonic  acid.  This 
variable  composition  of  the  essential  oils  explains 
the  inequality  of  their  boiling  points ;  but  frequently 
the  cause  of  the  rise  of  the  thermometer  during  the 
progress  of  distillation,  depends  upon  a  progressive 
decomposition  of  the  oil,  in  which  case  more  or  less 
gas  is  generally  evolved.  Altl]..ii_!i  i,-,,l,  ,11  ;!i,  o 
oils  are,  as  just  stated,  constituinl    ,!  1     I' f  ,i  i>l 

hydi'ogen,  or  of  carbon,  hydroi^t  n,   m:  ;  >  ■•v.-n-. 


il  (subdivided  by  t 


of    1 


distiUing  the  w 
is  also  directed  to  be  added  to  the  water,  wii  li  a  \  irw 
of  preserving  it  from  change;  but  Mr.  Waiinglon 
has  shown,  that  alcohol  has  the  opposite  cllccl,  and 
that  distdlcd  waters  which  keep  well  without  such 
addition,  arc  liable  to  acetifleation  with  it.  Some  of 
these  oils  apparently  enter  into  chemical  combination 
with  definite  proportions  of  water  to  constitute  crys- 
taUizable  compounds,  or  camphors.  They  dissolve 
abundantly  in  absolute  alcohol,  and  in  ether. 

Exposed  to  the  influence  of  oxygen,  or  air,  the  vola- 
tile oils  undergo  two  distinct  scries  of  changes ;  some 
of  them  seem  directly  to  combine  with  oxygen  to 
form  crystaUizable,  and,  iu  many  cases,  acid  com- 
pounds ;  but  in  other  cases  the  action  of  air  changes 
the  oil  into  a  resinous  substance,  a  portion  of  its 
hydrogen  being  probably  converted  into  water,  so  as 
to  leave  excess  of  carbon  in  the  residue.  The  action 
of  chlorme  npon  many  of  these  oDs  is  attended  by 
thvi  unmediate  production  of  hydrochloric  acid,  and 
compounds  of  chlorine  and  of  hydrochloric  aoitl,  willi 
the  remaining  elements  of  the  oil,  are  formed.  The 
same  happens  with  iodine  and  with  bromine;  and  iu 
some  cases  the  decomposition  of  the  oil  thus  cli'ccted 
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IS  so  intense  as  to  ghe  rise  to  inflammation.  The 
action  of  acids,  and  otlier  agents,  varies  considerably 
witli  the  nature  of  the  oil ;  the  action  of  nitric  acid 
is  also  for  the  most  part  intense,  and  frequently 
attended  by  the  formation  of  a  rcsinoid  product. 

Amongst  the  essential  oils  which  are  destitute  of 
oxygen,  (the  hydrocarbons  of  the  series,)  there  is 
a  remarkable  identity  of  composition;  they  contain 
between  8S  and  S9  per  cent,  of  carbon,  and  between 
11  aud  12  per  cent,  of  hydi'ogen,  proportions  which 
are  expressed  by  the  formula  CJli\  so  that  their 
varieties  may  be  generally  regarded  as  isomeric  or 
polymeric  modifications  of  a  hydrocarbon  so  consti- 
tuted ;  being  namely,  CoH,,  or  CioH«,  or  CaoHm,  or 
Coll  ■,  points  which  are  best  determined  by  the  re- 
spective densities  of  their  va|)ours,  it  being  obvious 
that  in  respect  to  the  equivalent,  or  atomic  weight  of 
tlio  compound,  as  deduced  from  its  ccmbiuatious,  it 
i:;;iy  be  represented  as  CiC,  or  2  {C,H,),  SCCsH,), 
-J  (C,H,),  S-c.  In  sojuc  eases  these  isomeric  modili- 
catioiis  oidy  admit  of  distinction  by  their  action  upon 
polarized  light,  sonre  of  them  rotating  the  ray  to  the 
rif/H,  others  to  the  Irfi,  and  others  transmitting  it  1 
uniuduinced,  showing  that  although  there  is  identity 
of  co!n])o.<iii(in,  of  atomic  weight,  and  even  of  density 
(if  vaiiour,  there  is  nevertheless  a  difference  iu  their 

In  consequence  of  the  high  price  of  many  of  \\iv<,- 
oils,  they  are  variously  adulterated,  sonietimes  v,  ' 
alcohol  and  with  fixed  oils,  and  sometimes  wi(  h 
cheaper  essential  oils.  When  alcohol  is  used,  it  i 
generally  be  separated  by  agitating  the  adultcnU' 
oil  with  water,  or  with  a  saturated  solution  of  comnu  u 
salt,  and  its  quantity  appreciated  by  the  diminution 
of  bulk  which  the  oil  so  treated  sustains  :  this  falsifi- 
cation is  also  indicated  by  a  slight  increase  of  tem- 
perature when  tlie  oils  are  mixed  with  water,  and 
which  is  not  observed  when  tliey  are  pure.  Alcohol 
may  also  be  abstracted  from  an  essential  oil  by  means 
of  fused  chloride  of  calcium.  The  volatile  oUs,  when 
pure,  dissolve  perfectly  in  all  proportions  in  the  fixed 
oils,  without  interfering  with  their  transparency ;  but 
not  so  when  the  former  are  adulterated  ■with  alcohol : 
in  (hat  case,  a  few  drops  of  the  adulterated  oil  added 
to  a  perfectly  transparent  fixed  oil,  produces  more  or 
less  turbidness.  The  admixture  of  &  Jived  oil  is  ascer- 
t:iined  by  the  greasy  stain  which  remains  when  a  drop 
of  the  oil  is  evaporated  before  the  fire  from  a  piece 
of  bibulous  paper ;  but  some  of  the  gciniine  essential 
oils,  especially  such  its  are  old,  or  have  been  exposed 
to  air,  often  under  these  circumstances  leave  a  stain, 
which,  however,  is  rather  resinous  than  greasy.  "When 
an  csscnti.al  oil  thus  adulterated  is  rubbed  between 
the  finger  and  thumb,  it  generally  has  more  or  less  of 
a  distinct  greasy  feel;  or  if  distilled  with  water,  the 
fixed  oil  remains  behind;  if  mixed  mth  about  thrice 
its  bulk  of  alcohol,  of  sp.  gr.  O.S-1,  the  fixed  oil  is  also 
separated.     [See  Cohesion  FiGniiES,  App.] 

The  adulteration  of  a  hii/h-priced  with  a  cheaper 
essential  oil,  is  more  difficult  of  detection,  and  re- 
quires for  its  discovery  a  practical  aeq'iaintaiice  with 
the  odour,  fiavour,  and  other  distbictivc  characters  of 


the  genuine  oil,  wnich  can  only  be  attained  by  ex- 
perience. When  oils  are  falsified  with  oil  of  tiiiijen 
tine,  its  characteristic  odour  is  often  covered,  tiU  t)ie 
adulterated  oil  is  dissolved  in  a  little  alcohol,  and  the 
solution  mixed  with  water,  when  both  the  odour  and 
flavour  of  the  turpentme  become  manifest.  The  re- 
fractive indices  of  the  adulterated  oils  generally  diil'er 
from  those  of  the  genuine  article,  and  Dr.  Wollaston 
suggested  a  form  of  instrument  for  their  determina- 
tion, which  has  been  improved  by  Mr.  Cooper:  it  is 
often  useful,  but  the  refractive  power  of  the  genuine 
oil  varies  too  much  to  render  it  satisfactorily  available.' 

ETCHING,  see  Engr.yvini,. 

ETHER,  llie  action  of  sulphuric  acid  upon 
alcohol  aided  by  a  moderate  heat,  leads  to  the  pro- 
duction of  a  remarkable  volatile  liquid  called  sulphuric 
ether,  or  simply  aud  more  correelly  ether,  because  it 
con-   '  ,       '      ..  Uir  sulphuric  acid.     It  was 

first  -lis   Cordus,  in   154-0,  who 

pu! ',  tiKus  fi.r  making  it.     After 

this  !    -  .1  until  1729,  when  Frobenius, 

in  a  paper  in  the  I'iiilosophical  Transactions,  described 
its  singular  properties.  A  note  at  the  end  of  this 
paper  by  Godfrey  Haidiwitz,  Boyle's  operator,  states 
that  experiments  had  been  made  upon  it  both  by 
Boyle  and  by  Newton.  In  modern  chemistry  the 
process  of  etherification  has  been  minutely  studied. 

Ether  was  obtained  until  recently  by  simply  dis- 
uic  of  sulphuiic  acid  and  alcohol.  The 
tia-  directions  for  the  process: — "Mix 
-  if  sidphurie  acid  an  equal  weight  of 

-  ,  -  ,1,  aud  distil  about  10  fluid  ounces;  add 
S  oui^'is  of  spirit  to  the  residuum  in  the  retort,  aud 
distil  about  9  fluid  ounces;  or  continue  the  operation 
until  the  contents  of  the  retort  begin  to  rise,  or  the 
product  becomes  considerably  sulphurous;  mix  the 
two  products,  or  if  the  mixture  consist  of  a  light  and 
a  heavy  fluid,  separate  them:  add  potash  to  the 
lighter  as  long  as  it  appears  to  be  dissolved :  separate 
the  ether  from  the  solution  of  potash,  and  distil 
about  ^ths  of  it  to  be  preseiTed  as  ether  sulphuricus, 
the  sp.  gr.  of  which  ought  to  be  at  most  .750."' 

When  this  process  is  conducted  ou  a  small  scale, 
glass  vessels  may  be  used,  but  on  a  large  scale,  a 
leaden  still  shoiUd  be  employed.  At  Apothecaries' 
Hall,  the  ether-apparatus  consists  of  a  leaden  still, 
whichis  heated  by  means  of  high-pressure  steam  carried 
through  it  iu  a  spiral  pipe.  A  tube  enters  the  upper 
part  of  the  still  for  the  purpose  of  introducing  the 
alcohol.  The  stiU-head  is  of  pewter,  and  is  connected 
by  about  6  feet  of  tin  pipe  with  a  capacious  con- 
densing apparatus  cooled  by  a  current  of  water.  The 
receivers  are  of  pewter  with  glass  lids,  and  furnished 
with  a  side  tube  to  connect  them  with  the  delivering 
end  of  the  condensuig  pipe.  From  the  highly  inflam- 
mable nature  of  ether  and  its  vapour,  great  care  must 
be  taken  to  remove  the  operation  from  the  vicinity  of 
fire ;  hence  the  use  of  heatiiu 
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The  old  method  of  preparing  ether  is  both  -wasteful  I  The  theory  of  the  fonnation  of  other  will  be  iinder- 
aiid  luelegaiit  By  the  luw  method,  alcohol  is  dUoned  stood  from  the  lollo\img  dctads  '\\  licii  stioug  lecti- 
to  diop  into  the  hot  icid,  m  \vhich  case  the  form  of  fied  spirit  ot  wiue  is  „u\ed  m  ith  an  equ  d  \vi  i  -lit  of 
appuatii-)  shown  m  lig  892,  niiy  be  used  toi  pre-  '  conceiitiated  sulpl  uuc  acid,  heitcd  to  the  b  iliug 
panng  clhei  upou  a  large  oi  a  small  scale  a  is  the  point  and  left  to  cool  an  icid  know  n  as  the  suljihoi  uii< 
IS  loimed  It  the  cold  uii\tuie  be  diluted  with  n>  iRi 
and  iicutiabzed  with  chalk,  a  l<iit,i  qumtity  ol  sid 
phite  ol  hme  is  foimed  On  hlteiiiig  and  puss 
lug  the  mass  through  a  cloth,  a  clcai  solution  is 
obtained  \ihich  must  be  evaporated  to  a  small  bulk, 
filteied,  and  left  to  ciystallize  Beautitid  colouilpss 
ti  uispdient  oiystals  of  sidphovinate  of  lime  aie  thus 
foim(d  By  substituting  caiboudte  of  biiytatoi  chilk 
m  (he  ibove  piocess,  i  siniilai  salt  is  piodurcd,  fum 
^^luch  flu  Indnted  sulplioMUic  acid  (C,li  0,  -^(),+ 
HU)  um  I),  piocuud  by  piecipililinc,  tht  bisL  1,n 
hlult     sulpl    LI       (il     ml  (vapoiatmt,   the   Iiitcud 

1   lb  unm  the  torn  ition 
n  ol  this  acid,  that  the 
1  (1  tn  b    dui 

\\lKulh    iuivt  u      I     1     h  I      il   sulphuiic  acul, 


vosel  foi  holding  air  hoi  it  has  a  5ion\od  stnpp  r, 
so  that  when  the  stopcock  is  tuiiud  uok  ii  hss, 
the  alcohol  may  diop  \Mth  the  itquiied  dcnict  of 
npidily  into  the  funnel  B,  the  tube  of  which  is 
clon^itcd,  and  terminates  by  a  small  apeituie  near 
the  bottom  of  the  flask  c,  which  is  placed  in  a  copper 
sand  bith  d,  suppoited  on  a  iiu!;,  and  heated  by  the 
gisbuinei  E  The  temperatuie  of  the  mixtuie  m 
the  flask  can  be  noted  by  means  ot  the  thcimomcter 
F  A  wide  glass  tube  g,  conveys  the  \apoins  fiom 
the  flask  to  the  condensei  h,  whirh  is  sm  rounded  liy 
cold  water  m  the  vessel  i,  and  dclncis  its  contents 
into  the  receiver  K 

A  mixtuie  of  8  parts  by  weisht  of  concenti  ited 
sulphuue  acid  and  5  jiaits  ot  ucti  1  i  ii  I  wnu 
oi   sp  gi    0  831,   IS  intiodnoc  1   nit  i    11       11  ind 

heated  up  to  300°,  when  it  1  K  \1  1  1  is  (hui 
allowed  to  diop  m  thiough  the  long  luniu  I,  mil  by 
uniii  itmg  the  quantit>  aduiitltd  and  by  tuiuing  the 
g  IS  moie  01  less  on,  the  tempentuie  ot  300°  is  niain- 
t  lined  is  sti  adily  as  possible,  and  the  liquoi  m  the 
flisk  kept  m  busk  ebullition  In  this  way  all  the 
alcohol  th  it  IS  admitted  may  1  o  con\ cited  into  vapour 
cl  etliei  and  of  w  itei,  and  the  mixed  vapoius  passing 
thiough  G  aie  condensed  ui  n,  \Uiile  ethei  and  \iater 
fill  into  K,  and  aiiango  themselves  into  sepaiate 
hyeis,  the  watei  being  at  the  bottom 

The  bulk  of  the  hquni  in  th    fl  si  miU  be  t  hi  ibU 
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limpid  liquia,  of  a  penetrating,  and  to  most  persons 
agreeable  odour,  and  a  pungent  and  sweetisli  taste : 
it  is  very  exhilarutiug,  and  produces  a  ren  arkalile 
species  of  intoxication,  when  its  vapour  mixed  witli 
ail'  is  respired.  By  proper  inauagenient,  a  continuous 
insensibility  to  pain  may  be  kept  up,  by  causing  the 
patient  to  inhale  this  vapour.  Hence  its  use  in 
surgical  operations ;  but  in  many  respects,  chloroform 
is  preferable  for  this  purpose.  [See  CnLOROFOiiM.] 
Ether  is  neither  acid  nor  alkaline  :  it  has  a  high  refrac- 
tive power,  and  is  a  nonconductor  of  electricity. 
It  is  slightly  soIuIdIc  in  water,  9  parts  of  which  take 
up  1  of  ether.  Washed  ether  retains  about  a  tenth 
part  of  water,  or  according  to  Liebig,  36  parts  of 
pure  ether  dissolve  1  part  of  water.  The  specific 
gravity  of  ether  at  68°  is  0.713.  It  boils  at  mean 
pressure  at  90.5°;  but  the  boiling  point  is  iirfluenced 
by  the  nature  and  state  of  the  vessel  in  which  the 
experiment  is  made.  [See  Ebullition.]  Etlier  is 
so  exceedingly  volatile  that  it-caimot  be  poured  from 
one  vessel  into  another  without  loss;  hence  it  is 
dangerous  to  take  the  stopple  out  of  a  bottle  of  ether 
near  a  lighted  candle.  Vapour  of  ether  is  much 
denser  than  atmospheric  air,  in  the  ratio  of  2.58  to  1. 
If  a  few  drops  of  ether  be  moved  round  in  a  deep 
wine  or  test  glass,  so  as  to  vret  the  sides,  the  glass 
wUl  soon  be  filled  with  vapour,  which  vapour  can  be 
])Oured  like  water  or  carbonic  acid  into  another  glass, 
from  which  it  will  displace  the  air.  A  lighted  match 
api.lic-d  to  the  glasses  will  detect  the  presence  of  the 
\apo\Lr  in  the  second  glass,  and  its  disappearance 
from  the  first.  A  drop  of  ether  on  the  hand  produces 
cold,  in  consequence  of  the  rapid  evaporation.  Pro- 
fessor Brande  has  given  an  elegant  experiment  to 
illustrate  the  production  of  cold  in  this  way.  Let  a 
few  drops  of  ether  fall  upon  a  drop  of  water,  so  as  to 
cover  it ;  then  blow  upon  it  with  a  blow-pipe,  and  the 
water  will  soon  freeze  into  a  hunp  of  ice.  Ether  has 
not  been  frozen,  even  when  exposed  to  a  temperatui-e 
of  16(3°  below  zero.  Ether  should  be  preseiTcd  in 
well  stoppled  bottles,  or  in  sealed  tube.s,  in  a  dark 
place.  Exposed  to  air  and  light,  a  little  acetic  acid 
is  formed  in  it,  and  it  becomes  acid  to  tests.  When 
ignited,  ether  burns  away  with  a  bright  and  slightly 
sooty  flame,  lea'idng  no  residue,  and  producing 
carbonic  acid  and  water.  Mixed  with  about  ten 
volumes  of  oxygon,  it  explodes  violently  by  an  electric 
spark.  Whou  vapour  of  ether  is  passed  over  red  hot 
plaiihum  wire  fiirmic  and  acetic  acids  are  produced. 

Alcohol  aud  ether  mix  in  all  proportions.  Ether  dis- 
solves, more  or  less,  iodine,  bromine,  sulphur  (TOTtli). 
phosphorus  (.j^^tlis),  the  fixed  and  volatile  oils,  many 
of  the  resins,  caoutchouc,  various  forms  of  extractive, 
the  alkaloids,  and  some  other  vegetable  principles. 
Sulphur  and  phosphorus  may  be  obtained  in  small 
crystals  by  evaporating  the  ethereal  solutions. 

Ether  lias  been  found  by  analysis  to  contain  C^HsO, 
so  that  it  differs  from  alcouol,  C.HsOo,  by  HO,  the 
elements  of  water.  Alcohol  also  furnishes  a  number 
of  compound  ethers,  as  they  are  called,  by  the  action 
upon  it  of  different  substances  ;  and  the  constitution 
of  these  compound  ethers  admits  of  comiiarison  with 


ordinary  salts  by  putting  in  the  place  of  the  metal 
a  hypothetical  salt-basyle,  named  ethi/le,  containing 
CiH.v  This  substance  may  be  supposed  to  form  haloid- 
salts  by  combining  directly  with  chlorine,  iodine, 
bromine,  &c. ;  and  the  oxide  of  etht/le,  or  conunon 
ether,  taking  the  place  of  the  basic  metallic  oxides, 
may  combine  with  "xv.  ,!- ^  U  :iihl  form  salts.  Al- 
though ethyle  has  i..  1 ,1.(1,  and  is  there- 
fore a  pui-ely  ini:iL.  '  L  yet  its  adoption 
has  been  found  t  i  -  ,  :  .  ,  !•  'TPX  ™^nier  the 
theory  of  the  ethers.  The  follo\viug  is  a  table  of 
ethyle  compounds : — 


EUDIOMETEU,  an  instrument  hivcutcd  by  Priest 
ley,  and  since  produced  iu  a  variety  of  forms  by 
different  chemists,  for  ascertaining  the  composition  of 
atmospheric  air  under  various  cii'cumstances.  The 
use  of  the  eudiometer,  termed  endiomefri/,  has  since 
been  extended  to  all  gaseous  mixtures,  but  especially 
to  the  determination  of  the  quantity  of  oxygen  which 
they  contain  when  resulting  from  the  operations  of 
chemical  analysis. 

The  principle  of  the  eudiometer,  so  far  as  it  relates 
to  atmospheric  air  and  oxygen  gas,  is  to  expose  them 
to  the  action  of  some  substance,  solid,  fluid,  or  gaseous, 
which  wUl  combine  chemically  with  the  oxygen,  and 
leave  the  gas  or  gases  with  which  it  is  mixed  unacted 
upon.  Eor  example,  the  eudiometer  of  Seguin  is  a 
glass  tube  8  inches  long,  and  about  1  inch  in  diameter, 
and  open  at  one  end ;  it  is  filled  with  and  inverted 
in  mercury  :  a  small  piece  of  phosphoms  is  then  put 
under  the  open  cud  of  the  tube,  and  it  rises  to  the 
top  of  the  mercury,  where  it  is  melted  by  holding  a 
hot  iron  near  it.  A  measured  portion  of  the  gas  to 
be  examined  is  then  passed  into  the  tube  ;  the  phos- 
phorus inflames  on  each  addition  of  the  gas,  and  the 
mercury  rises,  owing  to  the  condensation  of  the  oxy- 
gen. The  quantity  of  the  residual  gas  is  determined 
by  transferring  it  into  a  graduated  tube,  and  the  dif- 
ference between  the  quantity  submitted  to  experiment 
and  that  which  remains,  indicates  the  amount  of  oxy- 
gen absorbed.  Berthollet,  in  his  eudiometer,  employed 
a  similar  method,  only  iustead  of  igniting  the  phos- 
phorus, he  allowed  it  to  combine  with  the  oxygen  by 
slow  combustion.  In  the  course  of  six  or  eight  hours 
the  whole  of  the  oxygen  disappears,  and  its  quantity 
is  indicated  by  the  rise  of  the  mercury  or  the  water 
in  the  tube ;  whUe  the  amount  of  nitrogen  is  shown 
by  the  quantity  of  gas  left  in  the  tube. 

Volta  determined  the  quantity  of  oxygen  in  a  gaseous 
mixture,  by  mixing  therewith  a  known  volume  of 
hydrogen  gas,  and  then  firing  it  by  means  of  an  electric 
spark.  As  it  is  known  that  every  two  volumes  ot 
hydrogen  combine  with  aud  condense  oue  volume  of 
oxygen,  the  contraction  of  voluuie  in  the  mixture  will 
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be  due  to  the  oxygen.  One  form  of  Volta's  eudio- 
meter is  shown  in  Ei,;,'.  893.  It  consists  of  a  veiy 
thick,  graduated  glass  tube,  from  18  to  2-t  iuclies 
^  long,  and  about  4  lines  internal  diameter :  it 
i^^  is  open  at  one  end,  and  closed  at  the  other. 
Near  the  top  A,  the  tube  is  perforated,  and 
platinum  wires  are  fixed  in  the  holes,  the 
ends  within  the  tube  being  at  sueh  a  distance 
apart  as  to  allow  the  passage  of  the  electric 
spark  between  them  :  on  the  outside  the  wires 
are  furnished  with  hooks  or  knobs.  Near  the 
opening  B  the  tube  is  perforated  at  the  side, 
and  furnished  with  a  glass  cock,  which  is 
closed  after  filling  the  tube  with  the  gas  to 
be  examined.  This  prevents  any  loss  of  gas 
in  consequence  of  the  great  expansion  which 
precedes  the  condensation  of  the  gases.  When 
the  spark  has  been  passed,  the  cock  is  turned 
under  water,  or  mercury,  and  the  fluid  rises 
in  the  tube :  the  condensation  is  then  noted 
by  bringing  the  fluid  within  and  witiiout  the 

I  tube  to  the  same  level. 

J.-  Another  modification  of  Volta's  eudiometer, 

'■'^-  ^^^'  contrived  by  Dr.  Ure,  is  shown  in  Fig.  894. 
It  consists  of  a  glass  syphon,  the  internal  diameter  of 
which  is  from  ^  to  .f^  of  an  inch :  its  limbs  are 
each  from  6  to  9  inches  in  length,  and  about  J  an  inch 
asunder.  The  open  extremity  is 
slightly  funnel-shaped  ;  tlie  other 
■^  extremity  is  hermetically  scaled, 
.nd  is  furnished  with  tw'o  plati- 
lum  wires,  made  tight  hy  fusing 
he  glass  round  them.  The  iu- 
trument  having  been  graduated, 
s  filled  with  water  or  mercury. 
Hid  the  gas  transferred  into  it : 
then  being  held  upright,  part  of 
the  fluid  in  the  open  leg  is  dis- 
rtiug  a  glass  rod.  The  open  leg 
n  at  least  two  inches  of  air  between 
the  thumb  and  the  mercury,  in  order  to  serve  as 
a  sort  of  recoil  spring.  The  open  leg  being  grasped 
by  tlie  hand,  the  thumb  is  to  be  placed  lightly  over 
the  aperture  so  as  to  close  it,  and  at  the  same 
time  to  touch  one  of  the  wires  :  a  spark  taken  from 
the  conductor  of  an  electric  machine,  or  from  the 
knob  of  an  elcctrophorus,  to  the  otlior  wire,  passes 
tlirough  the  gas,  ignites  it,  and  is  conducted  off'  by 
the  thumb.  The  gas  in  expanding  depresses  the 
fluid  beneath  it,  and  the  air  below  the  thumb  acts 
as  a  sp.'ing  to  restrain  the  violence  of  the  explo- 
sion. When  the  explosion  is  over,  the  subseriuent 
condensation  will  be  felt  hy  the  thumb  being  pressed 
down  to  the  orifice  by  the  atmospheric  pressure  : 
on  gently  sliding  the  thumb  on  one  side,  and  ad- 
mitting the  air,  the  column  of  mercury  in  the  sealed 
leg  will  rise  more  or  less  above  tliat  in  the  other : 
mercury  is  then  to  be  poured  in  till  the  equilibrium 
is  lestorcd,  and  the  resultmg  volume  of  gas  is  then 
read  off. 

An  elaborate  fonn  of  eudiometer  has  been  contrived 
by  M.  Regnault,  a  description  of  w^hich  will  be  found 
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in  the  fo\irth  volume  nf  that  gentleman's  excellent 
Cours  de  Cliimir,  Paris,  IS.iO. 

EVAPOR.VTION  is  the  process  by  which  a  liquid 
gradually  disappears  or  diminishes  in  bulk  hy  the 
formation  of  vapour  at  its  surface.  In  the  process  of 
EBULLITION',  vapour  forms  at  every  point  of  the  liquid 
mass.  It  is  a  matter  of  daily  experience,  that  water 
evaporates  into  the  atmosphere  at  all  temperatures, 
however  low.  The  water  deposited  by  a  shower  of  , 
rain  soon  dries  tip,  even  in  winter,  and  in  the  dry 
warm  weather  of  summer  ponds  disappear,  and  brooks 
and  running  waters  diminish  in  volume.  The  process 
of  spontaneous  evaporation  applies  also  to  other 
liquids.  Faraday  has  shown  that  vajiour  rises  from 
mercury  at  common  tcmiicrafurcs,  at  least  from  60^ 
upwards.  lie  jjlaccd  some  mercury  in  the  bottom  of  I, 
a  glass  bottle,  and  attaciicd  a  piece  of  gold  leaf  to 
the  bottom  of  ilic  stn|,|,lc:  in  Ihr  course  of  a  few 
weeks  tlic  gol,!  l„M-:iia,'  v,hiir  liy  auialpunatiug  with 
the  vapour  wliicli  ascended  fiMiu  the  mercury.  Some 
solids  also,  such  as  camphor,  disappear  by  the  process 
of  spontaneous  evaporation. 

It  was  formerly  supposed  that  evaporation  was  due 
to  an  affinity  between  the  particles  of  air  and  the 
particles  of  tlie  liquid  exposed  to  it,  whereby  a  combi- 
nation was  formed,  and  a  constant  absorption  of  liquids 
by  the  air-  took  place.  Dr.  Dalton  was  the  first  tc 
establish  the  true  philosophy  of  the  process :  by  a 
series  of  beautiful  and  simple  experiments  he  was  led 
to  the  coiielusion  that  the  vapour  of  water,  and  pro- 
bably of  most  otlicr  liquids,  exists  at  all  temperatures 
in  ''e  n'li  T- ; ';.;  r  niil  ;^  ei|->able  of  bearing  any 
111         d  .  ;   .1     ii'      I  a  total  condensation, 

an  i  '  !i  1  I  ■  >  i!"  I  ..  hi-  is  one  and  the  same 
tiiii  :  :■  •'■::  I  er  V,  m;ii  I  I'  .'lii''  or  upwards.  The 
idea,  therefore,  that  vapour  cannot  exist  in  the  open 
atmosphere  at  a  lower  temperature  than  212°  unless 
chemically  combined  therewith,  he  considered  as  erro- 
neous :  it  has  taken  its  rise  from  a  supposition  that 
air  pressing  upon  vapour  condenses  the  vapour  equally 
with  vapour  pressing  upon  vapour ;  a  supposition  we 
have  no  right  to  assume,  and  which  he  apprehended 
will  plainly  appear  to  be  contradictory  to  reason,  and 
unwarranted  by  facts :  for  wdien  a  particle  of  vapour 
exists  between  two  particles  of  air,  let  their  equal 
and  opposite  pressures  upon  it  be  what  they  may, 
they  cannot  bring  it  nearer  to  another  particle  of 
vapour,  without  which  no  condensation  can  take  place, 
all  other  circumstances  being  the  same ;  and  it  has 
never  been  proved  that  the  vapour  in  a  receiver  from 
which  the  air  has  been  exhausted,  is  precipitated  upon 
the  admission  of  perfectly  dry  air.  Hence,  then,  we 
conclude,  till  the  contrary  can  be  proved,  that  the  con- 
densation of  vapour,  exposed  to  the  common  air,  does 
not  in  any  manner  depend  upon  the  pressure  of  the  air. 

To  clear  up  this  question  Dalton  determined  hy  ex- 
periment,//■«/",  the  expansive  force  of  dry  air  for  each 
degree  of  temperature  between  32°  and  212°.  He  also 
found  that  1,000  eul)ic  inches  of  air  at  32°  expanded 
into  1,376  on  being  heated  to  212°.'  He  also  ascer- 
tained, secondly,  the  force  of  pure  steam  in  contact  with 
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water  for  eacli  degree  througliout  tlie  same  range;  and 
tldrdlij,  he  found  at  what  rate  di-y  air  expanded  when 
put  in  contact  with  water,  and  heated  thi-ough  the 
various  degrees  of  that  range.  The  result  was,  that 
at  any  particular  temperature  the  expansive  force  of 
dry  air  in  the  fii-st  ease,  added  to  the  force  of  vapour 
in  the  second,  was  exactly  equ;d  to  their  joint  expan- 
sive force  in  the  third.  Hence  there  was  either  no 
chemical  combination  between  air  and  vapour,  or,  if  it 
existed,  it  was  quite  inert.  Wlieu  other  gases  were 
substituted  for  aii',  the  vapour  gave  the  same  results, 
and  similar  results  were  obtained  when  other  vapours 
were  treated  as  steam.  The  quantity  of  vapour  in 
a  given  space  was  found  to  be  independent  of  the 
presence  of  air  or  other  gases,  and  to  depend  entirely 
upon  the  temperatui-e.  For  example,  if  a  few  drops 
of  water  be  put  into  a  dry  flask  at  32°,  a  very  small 
quantity  of  vapoiu-will  be  foi-med:  if  the  temperature 
be  raised,  the  quantity  of  vapour  will  be  increased  in 
proportion.  If  the  temperature  be  again  lowered, 
some  vapour  will  be  coudensed,  and  the  portion  still 
reniainii  ^  ;ii  ;  li  c  :  ,  f,,nu  will  be  due  to  the  tem- 
peratui:        'I  li    i-  llie  same  as  respects   the 

vapour.  lilt  in  the  flask  or  not.   At 

a  givLiL  I'  ,!|ii  iiiiiii  ilr  s;nue  amount  of  vapour  is 
formed  iu  a  vacuum,  as  in  the  same  space  occupied  by 
air,  with  this  difference,  that  iu  a  vacuum  evaporation 
is  very  rapid,  and  comparatively  slow  in  air,  the  aerial 
particles  apparently  offering  some  mechanical  vr. 
sistance  to  the  saturation  of  the  space  with  vain!! 
The  space  is  said  to  be  saturated  when  it  contain - 
the  vapour  that  can  be  produced  at  a  given  tempi 
rature  :  so  that  any  addition  of  vapoui-  or  diminutiuu 
of  temperatui-e  produces  condensation. 

Regarding  vapour  as  an  elastic  or  gaseous  body, 
its  elastic  force  is  measured  by  the  height  of  the 
column  of  mercury  which  it  will  support.  If  a 
barometer  tube  (such  as  Fig.  95  or  96,  article 
Bakometer)  be  employed,  filled  with  mercury,  and 
standing  in  mercury  as  in  the  figures,  and  a  few  drops 
of  water  be  iutrodnced  at  the  open  end  without  re- 
moving the  tube  from  the  cistern,  the  water  will  rise 
up  into  the  Torricellian  vacuum,  and  expanding  into 
vapour,  will,  by  its  clastic  force,  depress  the  mercm-y 
in  the  tube.  The  amount  of  this  elastic  force  or 
tension  may  be  measured  by  comparing  the  height  of 
the  mercury  m  the  tube  with  that  in  a  good  barometer 
near  it.  The  temperature  of  the  vapour  in  the  vacuum 
may  be  determined  and  regulated  by  surrounding  the 
upper  part  of  the  tube  with  a  vessel  containing  water 
and  a  thermometer.  If  the  barometer  stand  at  30 
inches,  and  the  mercury  in  the  tube  at  29  inches, 
then  the  tension  or  elastic  force  of  the  aqueous  va- 
pour will  be  expressed  by  1  inch  of  mercury,  or  ^th 
part  of  the  mean  elasticity  or  tension  of  the  atmo- 
spheric air.  If  the  water  in  the  outer  vessel  be  heated 
to  212°,  the  whole  of  the  mercury  will  be  forced  out 
into  the  cistern,  for  the  elastic  force  of  vapour  of 
water  at  that  temperature  is  30  inclies  of  mercury : 
i.  e.  it  will  support  a  column  of  mercury  at  that 
height,  just  as  the  atmosphere  does  at  the  level  of 
the  sea. 


These  experiments  explain  the  meaning  of  the 
valuable  tables  given  in  scientific  books  of  the  elastic 
force  of  steam  at  different  temperatures.  The  fol- 
lowing is  a  specimen  of  such  a  table,  which  gives  also 
the  weight  of  a  cubic  foot  of  vapour  at  the  tempera- 
ture  named. 

Tension  in  Weight  of  a 

^"32°     "'    '"'  'o°216       '         2.53grs. 
40°  0.2S0  3.23  „ 

50°  0.400  4.53  „ 

00°  0.560  6.22  „ 

70°  0.770  8.39  „ 

80°  1.060  11.33  „ 

90°  1.430  15.00  „ 

212°  30.000  257.22  „ 

The  relative  volatility  of  other  liquids,  and  the 
elastic  force  of  their  respective  vapours,  may  be  es- 
timated by  their  effects  on  the  column  of  mercury  in 
the  barometer  tube.  Thus,  if  five  barometers  be 
placed  side  by  side,  and  some  water  be  let  up  into 
the  vacuum  of  the  first,  some  alcohol  into  the  second, 
ether  into  the  third,  and  sulphuret  of  carbon  into  the 
fourth,  each  coluuni  will  be  depressed  by  the  elastic 
force  of  the  vapour  of  each  liquid  at  the  existing 
temperature  of  the  air. 

As  evaporation  is  entirely  confined  to  the  surface 
of  a  liquid,  so  its  amount  depends  upon  the  amount 
of  surface  exposed.  Thus,  in  certain  processes  in 
:'ir  li  ''ii'  I  its,  where  crystals  are  formed  by  evapora- 
'  i  II'  liquids  are  exposed  to  the  air  for  other 
'  i'jo  shallow  vessels  are  employed,  or  the 
lji|iiiil  an  allowed  to  trickle  over  extended  surfaces. 
[Sec  Salt.]  By  covering  the  surface  of  water  with 
a  film  of  oil,  evaporation  is  suspended  altogether. 
The  process  goes  on  most  rapidly  when  a  dry  wind  is 
blowiiirrover  the  suil'aee  of  the  liquid  :  hence  in  some 
faelniir,  >;liri,  I  .f,-.-  (jiiautities  of  liquids  are  to  be 
eva]i  it   hot  air  is  passed  over  their 

suilai  i ,  ii.  1  ,.|.lwiig  fire  beneath  them.   Evapo- 

ratiuu  15  ^luw,  wlieii  stagnant  air  rests  on  the  surface 
of  the  liquid,  for  when  this  becomes  saturated  with 
vapour,  the  presence  of  this  vapour  puts  a  stop  to 
the  process.  Ilcnee  fhe  use  of  revolving  fans,  maae 
to  fly  rapidly  nv  1  I  lie  Mirf.iee  of  the  liquid  [see 
BEER,Fig.  ll-l  :!i  i:  i  t  lie  vapour  is  formed 
it  is  wal'ted  uM a '.  li  «i!'  I'M  in,  frnm  the  following 
table,  how  difi'en  n;  il'e  i,  m.Ii-  are  in  still  au-  from 
those  obtained  during  wind.  This  table  shows  the 
force  of  vapour  at  different  temperatures,  and  the 
rate  of  evaporation  per  uimute  from  a  circular  surface 
6  inches  in  diameter. 

Temp.    ofMer'cnry.'        Calm.  Breeze.  HiKhWiiid. 

212°  30.000  120.00grs.  154.00grs.  lS9.00grs. 

85°  1.235  4.92  „  6.49  „  8.04  „ 

75°  0.906  3.65  „  4.68  „  5.72  „ 

65°  0.657  2.62  „  3.37  „  4.12  „ 

55°  0.476  1.90  „  2.43  „  2.98  „ 

45°  0.340  1.36  „  1.75  „  2.13  „ 

35°  0.240  0.95  „  1.22  „  1.49  „ 

25°  0.170  0.67  „  0.86  „  1.05  ,, 
Professor  Danicll,  who  drew  up  this  table  from  tho 
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experiments  of  Dalton.  remarks  that  these  amounts 
of  evaporation  are  only  maintained  wlien  the  incum- 
bent air  is  perfectly  dry.  If  vapo>ir  be  already 
present,  as  is  always  the  case  in  the  atmosphere  of 
this  climate,  the  quantity  capable  of  evaporating  at 
any  given  temperature  will  be  the  quantity  indicated 
in  the  table,  diminished  by  the  quantity  already  in 
tlie  incumbent  air. 

When  a  liquid  passes  into  the  state  of  vapour, 
there  is  a  great  absorption  of  heat,  which  becomes 
latent.  Tliis  conversion  of  sensible  into  latent  heat 
is  liccossavy  to  the  existence  of  a  vapour,  and  it  takes 
place  at  whatever  temperature  the  vapour  is  formed. 
The  source  of  heat  in  ebullition  is  supplied  by  the  fire ; 
but  in  spontaneous  evaporation  it  is  usually  fm-nished, 
either  by  the  liquid  itself,  or  by  the  vessel  containing 
it.  Advantage  is  taken  of  this  fact  in  the  cooling  of 
water  and  wine  by  means  of  porous  vessels,  named 
alcarrazas,  which  being  filled  with  water,  and  hung 
up  in  a  curreut  of  air,  the  fluid  slowly  penetrating  to 
the  outside  of  the  vessel  is  converted  into  vapour  by 
depriving  the  water  within  of  a  portion  of  its  heat. 
If  a  wine  bottle  be  placed  in  the  cooler,  its  tempe- 
rature is  lowered  with  that  of  water.  Wine  or  wafer 
may  also  be  cooled  by  wrapping  a  wet  towel  round 
the  bottle  or  vessel  containing  it,  and  exposing  it 
to  a  draught  of  air.  In  India  the  bed  curtains  are 
sprinkled  wilh  water,  by  the  evaporation  of  wliich 
the  air  is  cooled.  The  danger  of  wealing  damp  clothes 
arises  from  the  cold  produced  by  evaporation.  In 
the  animal  economy,  heat  is  generated  in  the  system, 
and  given  out  by  the  body.  If  this  heat  be  abstracted 
faster  than  a  new  supply  is  formed  by  the  process  of 
respiration,  the  sensation  of  cold  is  produced,  whereas, 
if  the  heat  be  not  removed  exactly  in  proportion  as  it 
is  formed,  a  feverish  sensation  is  experienced.  The 
former  effect  is  produced  by  the  evaporation  arising 
from  damp  clothes,  and  the  general  result  is  what  we 

By  the  skilful  application  of  a  known  principle,  some 
very  surprising  results  may  often  be  obtained.  For 
example,  if  some  ether  be  poured  upon  the  surface  of 
wafer.contaiued  in  a  flat  vessel,  and  placed  under  the 
receiver  of  an  aii--pump,  the  ether  will  boil  as  soon  as 
the  au-  is  revnoved,  and  its  rapid  evaporation  will  soon 
cause  the  water  to  freeze,  thus  exhibiting  the  singular 
spectacle  of  two  liquids,  one  resting  upon  the  other, 
the  one  boiling  and  the  other  freezing;  in  a  few 
miuufes  the  one  entirely  disappears  iu  the  form  of 
vapour,  whUe  the  other  solidifies  in  the  form  of  ice. 
Some  remarkable  examples  of  freezing  will  be  given 
in  the  article  Ice.     [See  also  Appendix.] 

Various  instruments  have  been  contrived  for 
measuring  the  quantity  of  vapour  existing  iu 
atmosphere,  or  its  relative  degrees  of  dampness  and 
dryness.  Those  wlrich  merely  indicate  the  presence 
of  moisture  in  the  atmosphere,  more  or  less,  are 
tcniKil  In/r/i-oscopes;  those  which  measure  its  quantity 
arc  iiKirc  jiroperly  named  hygrometers.  To  the  former 
diss  bcldiig  certain  animal  and  vegetable  textures 
which  absorl)  moisture  with  great  readiness,  and  by 
their  changes  of  dimension  wldch  ensue,   meas 


indicate  roughly  the  amount  of 


up  the  moisture  which  they  have  nubibcd,  and  rcluni 
or  less  accurately  to  the  dimensions  which  form 
ero  of  the  scale.  Instruments  of  this  kind  are. 
however,  liable  to  uncertainty  in  their  const  met  ion. 

that  two  instruments  of  the  same  kind  by  dill'ercnt, 
makers,  or  oven  by  the  same  maker,  do  not  always 
agree  in  their  indications,  and  such  instrument  s  always 
become  deteriorated  by  time. 

A  beautiful  and  simple  method  for  determining  the 
elastic  force  of  vapour  at  any  time  existing  in  t'l  ■ 
air,  was  adopted  by  Dalton,  and  afterwards  by 
Daniell,  who  used  it  as  the  basis  of  his  elegant  hy- 
grometer. It  is  well  known  that  tlie  moisture  of  the 
atmosphere  will  become  condensed  upon  the  surface 
of  a  colder  body  brought  into  contact  with  it.  'I'luis, 
when  a  glass  on  a  warm  day  is  filled  iiilh  w cU-watcr, 
its  sui-face  becomes  bedewed  \(ith  moisture.  By 
pouring  this  cold  water  into  a  second  glass,  carefully 
drying  the  surface  of  the  first,  and  returning  it  back 
again,  and  repeating  the  operation  many  times,  or  as 
often  as  may  be  necessary,  the  water  becomes  slowly 
warmer.  The  temperature  of  the  water  must  be 
carefully  noted  with  a  small  thermometer,  as  also 
the  precise  temperature  at  which  the  glass  ceases 
to  be  bedewed.  This  is  called  the  deic-pohit,  and 
is  in  fact  the  temperatui-e  of  water,  whoso  vapour 
is  of  the  same  elasticity  as  that  of  the  air  of  the 
place  where  the  observation  is  made.  In  winter, 
or  in  very  dry  situations,  the  water  may  be  cooled 
down  by  mixing  a  little  ice,  or  salt  and  snow  witli  it, 
and  if  these  cannot  be  procured,  a  small  quantity 
of  sidphate  of  soda,  or  of  carbonate  of  sod;i,  added 
to  the  water,  will  reduce  its  temperature  below  I  hat 
of  the  atmosphere,  so  as  to  produce  a  deposit  of  dew 
upon  the  glass.  The  glasses  used  should  be  thin. 
The  observation  may  be  made  more  precise  by  using 
a  small  cup  of  thin  silver,  of  the  cn|-ifi*"  of  \-A{  :in 
ounce,  gilt  on  the  outside.  The  \s::'  •  '  -  '  i  '■■i\ 
by  cautiously  adding  a  few  graill^     I  ,   !       r     i- 

posed  of  equal  parts  nitrate  of  pi-li  U  .  ■'•  iiiiim:i1i  uf 
ammonia,  stirrmg  it  up  with  the  bulb  of  a  smali 
thermometer. 

But  the  dew-point  may  be  most  conveniently  ob- 
served with  the  assistance  of  DanicU's  hygrometer, 
Fig.  S9d.  It  consists  of  two  thin  glass  bulbs,  a  6, 
connected  together  by  a  bent  tube  c.  Enclosed  in 
the  bidb  b,  is  the  elongated  bulb  d  of  a  very  delicate 
thermometer  de,  the  scale  of  which  rises  into  the  arm 
ic.  This  bulb  b  being  filled  with  ether,  is  heated 
until  the  vapour  issues  freely  from  an  aperture/ iu  the 
bulb  a,  which  is  then  hermetically  staled.  If  (lie 
operation  has  been  well  perfonm  J.  t!  r  (  i',.  m  ilie 
bulb  A  will  boil  by  the  heat  of  T  !  ,  i  !■■ 
case  of  Franklin's  pulse  glass,  [sr>  !  ;  i  ■.  I  - 
785,]  which  we  have  no  doubt  ^.l  _,.  '.  I  i '  -  r  :  a 
mcnt  to  its  in-enious  inventor.    Tlie  bulb  a  is  cv  aci rd 


EVAPOKATION— EXCEJs'TRIC. 


c  of 


The  stand  is  of  brass,  and 

erse  socket  i  at  tlie  top  is  made  to  hold  the 

r  of  a  spring.     A  small  ther- 

"^  ■*  serted  into  the 
piLlarof  the  stand, 
enables    the    ob- 


cools    this 
condenses  a  j-.or- 
tion  of  the  Tajionr 
v.-ithin  the  bnlb  a, 

the    consequence 

I'l  ■  s,  1.  of  which  is  that 

the  ether  in  the  bulb  b  ioimediately  begins  to  evapo- 
rate, and  in  doing  so,  cools  its  exterior  surface.  Tliis 
diminished  temperature  ■wUl  be  made  evident  by  the 
falling  of  the  mercury  of  the  enclosed  thermometer 
ed,  and  also  by  the  formation  of  a  ring  of  moisture 
on  the  outside  of  the  bnlb  b,  coinciding  with  the 
surface  of  the  liquid.  The  exact  temperature  at 
which  this  ring  of  dew  begins  to  form  on  the  bulb  b, 
must  be  noted  on  the  internal  thermometer,  for  that 
is  the  dew-point.  The  temperature  will  go  on  falling 
a  few  degrees,  and  dew  may  be  plentifully  formed  on 
the  bulb,  but  the  first  observation  may  be  confirmed 
by  noting  the  temperature  at  which  the  dew  dis- 
ajipears  from  the  bulb :  this  will  be  found  to  be  iden- 
tical or  nearly  so  with  the  temperatui-e  at  which  it 
began  to  form,  and  this  is  the  dew-point.  K  there 
should  be  a  difference  of  1°  or  2°,  the  mean  may  be 
depended  on  as  being  accurate. 

Having  ascertained  the  dew-point,  we  can,  by  mere 
inspection  of  the  tables  prepared  for  the  purpose, 
determine  the  elasticity  and  density  of  the  aqueous 
vapour,  its  weight  in  a  cubic  foot  of  air,  the  degree 
of  dryness  either  upon  the  scale  of  the  thermometer 
or  of  the  hygrometer,  and  the  rate  of  evaporation. 
When  the  air  is  saturated  with  moisture,  the  precipi- 
tation of  dew  is  instantaneous,  for  the  dew-point 
coincides  with  the  temperature  of  the  air.  In  this 
country  the  degree  of  dryness  measured  in  therrao- 
metric  degrees  seldom  reaches  30°,  that  is  to  say,  the 
dew-point  is  seldom  30°  below  the  temperatui-e  of 
the  air ;  but  in  the  Deecan,  with  the  temperature  of 
the  air  at  90°,  the  dew-pomt  has  been  seen  as  low  as 
29°,  making  the  degree  of  dryness  61°. 

Professor  Daniell  remarks  that,  "  the  more  accurate 
mode  of  expressing  the  moisture  of  the  air  from  au 
observation  of  the  temperature  and  dew-point,  is 
by  the  quotient  of  the  division  of  the  elasticity  of 
vapours  at  the  real  atmospheric  temperature,  by  the 


elasticity  at  the  temperature  of  the  dew-point :  for, 
calluig  the  term  of  saturation  1,000,  as  the  elasticity 
of  -vapour  at  the  temperature  of  the  air  is  to  the 
elasticity  of  vapour  at  the  temperature  of  the  dew- 
poiut,  so  is  the  term  of  saturation  to  the  observed 
degree  of  moisture.  Thus  with  regard  to  the  obser- 
vation in  the  Deecan, — 

l.i30  :  0.191  :  :  1000  :  133. 

The  fovurth  term  is  the  degree  of  moistui-e  on  the 
hygrometric  scale." ' 

The  formation  of  dew  on  the  great  scale  of  nature 
is  a  wise  and  beneficent  arrangement  for  getting  rid 
of  the  superfluous  heat  absorbed  dm-ing  the  day,  and 
for  supplying  the  earth  with  moisture.  After  sun-set — 
and  frequently,  in  shady  places,  long  before — the  heat 
absorbed  by  the  earth  begins  to  be  radiated  into 
space,  and  as  this  process  goes  on,  the  earth's  surface 
becomes  cooled  below  the  temperature  of  the  air 
which  rests  upon  it.  This  may  be  easily  verified  on 
a  clear  night  by  using  two  thermometers,  placing  one 
on  the  grass  and  suspending  the  other  a  few  feet 
above  it.  The  suspended  rhennometer  will  often  in- 
dicate a  temperature  many  degrees  above  that  of  the 
thermometer  on  tiie  grass,  thereby  showing  the  earth 
to  be  colder  than  the  air  immediately  above  it. 
Under  such  circumstances,  the  efi'ects  which  are  ob- 
served when  a  glass  of  cold  water  is  taken  into  a 
warm  room,  are  produced  here :  the  cold  earth  pre- 
cipitates the  moistm-e  contained  in  the  air  in  the 
form  of  dew,  not  equally  over  the  whole  surface,  as 
might  at  first  be  supposed,  but  most  abundantly  on 
those  substances  which  need  it  most,  such  as  grass 
and  vegetables,  while  the  gravelled  walk  or  compact 
road  by  the  side  will  often  be  quite  di-y.  The  reason 
for  this  is,  that  the  former  are  good  radiators  of  heat, 
and  consequently  cool  down  quickly,  while  the  latter 
radiate  badly,  and  consequently  maintain  their  tem- 
perature. Under  a  cloudy  sky  radiation  is  checked, 
and  the  earth  being  prevented  from  cooling  down, 
little  or  no  dew  is  formed.  On  a  clear  night  the 
radiation  is  often  so  powerful,  and  the  consequent 
reduction  of  temperature  so  great,  that  the  dew  is 
frozen  into  what  is  called  hoar-frost? 

EXCENTRIC.  A  wheel  m  which,  whatever  be 
the  figure  of  its  periphery,  tlie  axis  is  removed  from 
the  centre,  is  said  to  be  eircentric.  There  ai-e  various 
kinds  of  exceutrics,  and  they  are  of  great  importance 
in  converting  one  kind  of  motion  into  another ;  such 
as  continuous  circular  motion  into  alternating  or 
intermitting  rectilinear  motion,  or  into  curvilinear 
though  not    rotatory  motion.      They  also    furnish 
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The  true  theory  of  dew  was  first  established  by  Dr.  Vj 

ells, 

mall  pamphlet  published  in  1S16;  a  work  which  Sir 

ohn 

ne  familiar."    This  pamphlet  is  now  difficult  to  procure 

will 

EXPLOSION— FACTORY. 


G29 


meinsfor  producing  from  the  uniform  speed  of  one 
revolving  shaft,  rotatory  motion  of  continually  vary- 
ing speed  in  shafts  placed  in  connexion  with  it. 
Such  an  application  is 
shown  in  Pig.  896,  in 
which  an  cxcentric  crown- 
wheel is  made  to  pro- 
duce some  of  the  complex 
movements  of  a  planeta- 


The 


u  whee 


is   mounted   excentrically 
upon   a    shaft  which    r<- 
volves    with    a    uniform 
^'^-  ^"''  speed :  a  pinion  driven  by 

it  is  made  so  long  that  it  may  be  acted  upon  either 
by  that  portion  of  the  periphery  of  the  crown-wheel 
which  is  nearest  to  its  axis,  or  by  the  opjiosite  por- 
tion of  the  periphery.  As  the  distance  from  the  axis 
of  the  crown-wheel  to  the  nearest  point  of  the  pinion 
is  little  more  than  one-third  of  the  distance  fiom  the 
axis  to  the  furthest  point  of  the  same,  and  as  the 
velocity  of  the  axis  or  shaft  is  uniform,  it  follows 
that  the  pinion  will  be  driven  nearly  tliree  times  as 
fast  when  in  contact  with  that  part  of  the  peripherj 
of  the  crown-wheel  which  lies  fm-thest  from  the  axis, 
as  when  in  contact  with  the  part  which  intersects  it 
at  the  nearest  point,  while  every  intermediate  portion 
of  the  periphery  of  the  crown-wheel  wiU  impart  a  dif- 
ferent, but  intermediate  velocity.  Such  a  tmi  1 
tion  of  wheels  might  be  driven  by  the  pinion  m 
case,  supposing  the  pinion  to  have  a  uniform  \ 
that  of  the  crown-wheel,  or  rather  of  its  .tm  \  ill 
vary.  Further  variations  might  be  iiitroducfd  by 
making  the  periphery  of  the  crown-'n  heel  of  some  other 
form  than  circular. 

The  followmg  is  a  case  in  w  hich  a  rod  a  b.  Fig. 
897,  is  to  be  raised  and  depressed  between  the  guides 
mil,  op,  by  means  of  a  continued 
circular  motion.  Let  c  be  the  centre 
of  this  circular  motion,  or  a  section 
of  the  revolving  axis.  Upon  this 
axis  c  is  fixed  a  ciicle  de  cxcentric 
to  it,  o  being  its  axis,  and  co  the 
degree  of  eccentricity.  This  circle 
D  E  works  in  a  circular  opening  of 
the  frame  b  b  d,  fixed  to  b  a  by  a 
joint  at  B.  jVs  the  axis  c  and  the 
circle  de  form  one  piece,  aud  as 
*''^-  '^'■''-  c  is  fixed  in  position,  the  efi'ect  of 
turning  the  axis  o  must  be  to  raise  and  depress  b  a 
between  the  guides,  the  power  being  proportional 
to  a  perpendicular  let  fall  from  c  upon  B  D.  When 
this  perpendicular  vanishes,  which  happens  when  the 
Hue  c  0  coincides  witji  B  o,  the  rod  a  will  be  at  its 
lowest  or  its  highest  point. 
EXPANSION,  see  Heat. 

EXi^LOSION.  A  sudden  and  violent  expinsinn  of 
an  aeriform  or  other  elastic  fluid  1^  .1'"  ■-  ti'M,, 
expansion  in  being  momentary,  \'  1  i 

is    a    gradual    power    acting    nm  i 


See  Gi 


•Fulminating  Powder— 
Mercurv— Gold— Steam,  &c. 

EXTRACT.  This  term  is  usually  applied  in  Che... 
mistry  to  the  product  of  an  aqueous  decoction ;  but 
in  pharmacy  it  is  applied  to  that  portion  of  any  vege- 
table substance  wliich  had  been  dissolved  by  digesting 
it  in  any  menstruum,  and  afterwards  reduced  to  a 
thick  consistence  by  distillmg  off  the  menstruum  if 
valuable,  or  by  evaporating  it  away  if  not  worth  pre- 


ukl 


be  cvapoiatcd  m  a  watei  bath,  or  b)  steam  not  ex- 
ceeding 212°.  They  may  also  bo  evaporated  at  much 
lower  temperatures  in  Aacuo  [Sec  Sug\e],  or  o^er 
sulphuiic  acid  [Sec  If"  -m  Ti  i  n  >f1l  ti(ts 
used  in  medicine  ma.\  I  .  i 

activity  than  when  pii  I  m 

li  the  more  powerful  ex- 

I  1  iitanee  than  the  cer- 

1  mil;  |l  '  Pn\  III  3  possible  of  a  given 
powu 


I    lie 


ml. 


used  to  iiHi\  1 1 

prepariiiL;     i  I     .i,  i  ^,    i  i    m  ,  i.\ 

process  luc  III  i  i     iiueol  cotton,  \iuol, 

hair,  silk,  11  low,  either  separately 

or  mixed  til  .  ,ii  m  i  i  i  >wih  any  other  mateiial, 
orany  fabuc  niaile  tliiunt,  and  any  room  situated 
witliin  the  outward  gate  or  boundary  of  any  faetoiy, 
wherein  children  or  young  persons  are  euiiilojed  ui 
any  process  incident  to  the  manufacture  earned  on 
in  the  faclory,  shall  be  taken  to  be  a  part  of  the 
factory,  although  it  may  not  contain  machinery.  But 
this  enactment  shall  not  extend  to  any  pait  of  such 
factory  used  soMjf  for  the  pui  poses  of  a  dweUmg- 
house,  nor  to  any  part  used  soMj/  for  the  manufacture 
of  goods  made  entu-ely  of  any  other  material  than 
those  here  enumerated,  nor  to  any  f  lotoiy  or  init  of 
a  factory  used  solch  Tm  lli     i     i     '  '  '         i,f 

hats,  or   of  papci,  i  i  ' 

printinc,  or  calendcHii  i    i. 

Act,  rcsjjecting  bonis  i     \      m  il   i    i         '_  I  i 

any  young  person  enipliycd  ,wA/j/iii  packing  goods 
ill  any  w  arehouse  or  part  of  a  factory  not  used  for 
aiiv  manufacturing  process,  or  for  any  Ipbour  incident 

'I '     I     '  '   m  of  England  may   be  said  to 

1        II     I       1 1 1  iin  the  moment  that  the  geniu.s 

'  I    \ii   M  „i  I    III  ai  loniDlished  that  series  of  tUs- 

ro^cur.,,  ami  that  ric^cr  adaptation  of  tlie  cUscovciied 
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of  others,  which  resulted  in  the  construction  of  the 
admirable  macliinery  used  in  tlie  cotton  manufacture. 
To  accommodate  that  machinery,  a  new  description 
of  building  was  necessary.  The  spinning-wheel,  and 
the  looi.,  and  even  the  spinning-jenny,  if  of  small 
size,  might  be  set  up  in  the  workman's  cottage  ;  but 
the  water-frame,  the  carduig-engine,  &-c.  required 
more  space,  and  also  more  power  than  the  cottager 
could  supply.  Arkwi-ight  himself  set  the  example  of 
the  sort  of  buildings  that  should  be  erected  to  work 
the  maclunery  in,  and  to  meet  the  new  demands  of 
the  trade.  He  erected  an  extensive  building  in 
Mancliestcr,  at  the  cost  of  4,000/.,  while  in  Derby- 
shire and  elsewhere  he  and  his  partners  expended 
upwards  of  30,000/.  in  like  manner.  It  is  true  that 
mills  somewhat  similar  to  those  of  Ai'kwright  had 
been  erected  previously  for  the  throwing  of  silk,  but 
these  were  few  in  nunibei-,  and  of  comparatively  small 
importance. 

Tlie  progress  of  the  factory  system,  when  once  it 
had  become  identified  witli  the  cotton  trade,  was 
rapid  in  the  extreme.  Its  advantages  were  so  great, 
that  it  would  have  been  impossible,  after  once  ex- 
periencing them,  to  return  to  the  old  system.  The 
more  evident  of  these  advantages  are  thus  stated  by 
Mr.  Baines, — "  The  use  of  machinery  was  accom- 
panied by  a  greater  division  of  labour  than  existed  m 
the  primitive  state  of  the  manufacture ;  the  material 
went  through  many  more  processes;  and  of  course 
the  loss  of  time  and  the  risk  of  waste  would  have 
been  much  increased,  if  its  removal  from  house  to 
house  at  every  stage  of  the  manufacture  had  been 
necessary.  It  became  obvious  that  there  were  several 
important  advantages  in  carrying  on  the  numerous 
operations  of  an  extensive  manufacture  in  the  same 
building.  Where  water-power  was  required,  it  was 
economy  to  build  one  mill,  and  to  put  up  one  water- 
wheel,  rather  than  several.  This  an-augement  also 
enabled  the  master  spinner  himself  to  supfrinteud 
every  stage  of  the  manufacture ;  it  gave  him  a 
greater  security  against  the  wasteful  or  fraudulent 
consumption  of  the  material;  it  saved  time  in  the 
transference  of  the  work  from  hand  to  hand ;  and  it 
prevented  the  extreme  meonvenience  which  would 
have  resulted  from  the  failure  of  one  class  of  work- 
men to  perform  their  part,  when  several  other  classes 
of  workmen  were  dependent  upon  them.  Another 
circumstance  which  made  it  advantageous  to  have  a 
large  number  of  machines  in  one  manufactory  was, 
that  mechanics  must  be  employed  on  the  spot,  to 
construct  and  repair  the  machinery,  and  that  their 
time  could  not  be  fully  occupied  with  only  a  few 

The  introduction  of  steam  power  did  not  materially 
change  the  form  of  building  required  in  a  factory. 
Whether  water  or  steam  be  the  moving  power,  a 
cotton  mill  is  an  immense  square  building,  frequently 
seven  or  eight  stories  high,  with  a  tall  chimney,  and 
rooms  perhaps  two  or  three  hundred  feet  in  length, 
lighted  by  numerous  windows,  which  as  evening 
approaelies  are  brUliantly  illuminated,  giving  to  the 
whole  structure  a  remarkable  appearance  from  without. 


But  factories  are  not  always  of  this  lofty  character ;  foi 
near  Leeds  there  is  a  striking  exception  in  the  case 
of  one  of  Messrs.  Marshall's  flax  mills,  m  which  the 
stories  are,  as  it  were,  placed  side  by  side  on  the 
ground,  and  where  the  operations  usually  carried  on 
one  above  another,  are  continued  in  an  unbroken 
series  on  the  floor  of  one  enormous  room,  396  feet 
long  by  216  wide,  equal  to  nearly  two  acres.  The 
motives  for  this  form  of  factory  were,  convenience  of 
supervision,  facility  of  access  to  machines,  the  power 
of  sustaining  uniformity  of  temperature  and  moisture, 
the  absence  of  currents  of  air,  which  are  so  objec- 
tionable in  ordinary  mills,  the  simplicity  of  the 
driving  gear,  and  the  excellence  of  the  ventilation. 
As  this  extraordinai-y  one-story  mill  presents  a  good 
model  of  a  factory  where  space  and  other  circum- 
stances win  allow  of  its  being  followed,  we  shall 
describe  it  somewhat  fully.  It  stands  amidst  the 
usual  lofty,  square,  many-storied  factories,  from 
which  it  does  not  differ  in  the  nature  of  the  opera- 
tions carried  on,  but  in  the  greater  convenience  and 
simphcity  of  its  arrangements.  This  magnificent 
room  is  five  times  krger  than  Westminster  Hall,  and 
seven  times  larger  than  Exeter  Hall,  London.  The 
writer  has,  elsewhere,  recorded  the  pai-ticulars  of  his 
visit  to  this  mill,  and  the  results  of  an  attentive  study 
of  its  organization,  which  were  to  the  following 
effect : — The  machinery  is  arranged  in  parallel  lines, 
extending  the  whole  length  of  the  room,  ample 
space  being  left  for  the  operations  of  the  attendants. 
The  processes  carried  on  are  chiefly  drawing,  roving, 
spinning,  doublmg,  and  reeling,  the  dusty  operations 
of  dividing  and  heckling  having  been  previously  per- 
formed in  another  mill.  Hot-water  spinning  is  also 
carried  on  in  this  room,  and  with  much  less  incon- 
venience than  usual,  in  consequence  of  the  space  and 
abundant  ventilation.  The  machines  are  mostly 
attended  by  young  women ;  and  a  tablet  attached  to 
each  machine  states  the  number  of  spindles  at  work, 
the  quantity  of  yam  being  spun,  or  some  other  par- 
ticular information  belonging  to  the  work.  The 
lightness  and  airiness,  warmth,  and  ventilation  of 
this  room,  are  admirable.  The  light  is  derived  from 
the  roof,  which  is  formed  of  brick-groined  arches, 
66  in  number,  each  36  feet  span,  and  supported  by 
iron  pillars  to  the  height  of  21  feet.  In  the  centre 
'  of  each  arch  is  a  conical  sky-light,  about  14  feet 
in  diameter,  and  rising  about  10  feet  above  the 
roof,  from  the  points  of  these  Kghts  the  used  air 
of  the  room  is  allowed  to  escape.  Beneath  this 
room  is  an  immense  vaulted  cellar,  with  brick  pillars. 
This  cellar  is  employed  for  a  variety  of  useful  pur- 
poses, one  of  which  is,  to  supply  hot  air  to  the 
room  above.  This  is  done  by  means  of  a  small 
steam-engine,  working  a  large  fan,  which  forces  air 
through  a  series  of  364  pipes,  contained  in  two  large 
steam-chests,  which  heat  the  air  before  it  ascends 
I  into  the  mUl.  The  temperature  can  be  regulated  by 
the  quantity  of  steam  which  is  admitted  into  the 
chests,  or  by  allowing  a  portion  of  cold  air  to  pass  by 
without  traversiug  the  pipes.  Valves  and  doors  m 
;  the  flues  permit  any  temperature  which  is  desired  to 


3  attained,  oi    thit  dcgiee  of  moisluie  wlucli   is 
isealul  to  the    piocricss    of   fla\  spmmiig       Ihe 
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houses  and  a  set  ol  batlis  both  iui  hot  aud  cold 
w  itei  The  opeiatncb  <ire  entitled  to  the  use  of 
thcsL  on   exhibiting    i  tic  la  ol   „fol   (■nndu,  t    fi   m 

theoverlo  kill         1  i  1  i      1 


cont  lined   m 
gib  ind  til 


ot  tlie  building  lb  ippL,  I 
by  1  flight  ot  steps  with 


\Uiicli 


01  dun 


iKld      ( 


seen  feeding      Fiom  i'  i     '  i     h  1  1    i 

what  ijipe  u  at  fiist  si_l  i 
but  on  ippioachinp  Ih        i 

below   becomes  visilil  1   i         [  i         i  i 

skybghts   aheady  mentioned      Iht    picsLiict    ol     i 
grass  held  m  so   novel  a  situation  admits  of   easj 
explmatiou     The  brick  arches  which  loini  the  loof 
of  the  gieat  loom  \veie  fiist  coveied  on  thr    ml     ' 
with  a  coiting  of  loUgh  phstei    then  v\iil 
peivious  coating  of  coal  t  u  aud  lime  and  I     | 
this  fioin   ciiicking  a  li^cr   of   ciilh         i 
thick  w  is  pi  iced  upon  it  and    o\ui\iil 
flouiished  well  m  that  situ  it  i    i        1 
diainmg  this  field  is  not  the  Km 
\auce  of  this  lennikable  buihliii         li     ii   u   i 
Mhich  suppoit  the  lOof  aie  hollo\\  pipco  do«u  v\lii(.h 
the  lain  watei  passes   into  the  sewer  beneath     The 
uppei    extiemity   of    eaeh  pipe  is   co\eied  with   a 
gi  itiiu    to  pievent  solid  sub&tmces  fiom  enteimg 
lud  stopping  up  the  channel 

Admuablc  as  these  an  mgrments  aic,  it  is  obMoUb 
th  it  till  >  e  in    eldom  be  earned  out     in  most  situa 

I  1     I'l     1     II      •   11  d  mdl  wiU  be   a  matter    of 

II  I  111  h  the  one  stoned  mill  ma\  be 

A   cotton  miU   may  be  like 
I  111   I'      I  I    'Stockport,   seven   stones  high 

foiuiui;,  I  II  I  i\e  and  miposiiig  stuictuie  oi  mam 
body  and  wings  and  losmg  fiom  its  gieit  extent 
and  impoitancn  much  of  the  unpleasant  effect  gnen 

aflitum.li  I 

Di   Ute  t    1 
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lateidlwingb  is  5S  feet  m  fiont  of  the  m  un  bndv, 
he  sa>i  The  moving  powci  consists  of  two  &0 
hoisc  steam  engines  vvoiking  lectangulaily  together 
which  aie  mounted  with  then  gieat  gearmg  wheel 
on  the  giound  floor  at  the  end  of  the  body  opposite 
the  sp  ctitoi  s  light  hand  and  aie  sepaiited  by  a 
stiong  will  tioni  th(  u  t  of  the  building  Thib 
\v  .11  IS  |).  il  I  il  il  1  1  111  I  1  sa^e  of  the  nnm  hou 
zontalsluli    win  h   1\  11,   aib  oi  gieat  bevel  wheels, 

I  stone  weighs  neul>  li      i  .  iv 

I      1 1  ton  in  each  of  tin   i  10 

I    I    miiintc    which  bj    tli  I  uid 

I     111     hielis  mule  to  gnc  to  the  hibt  hoiuuutil 

li  li   11  i  levolutious  and  to  the  imm  upught  shitt 

M   ii\olution<?  pel   minute      As  the  one  engine 

'  III  '    II  tlir  (thei  vi   iks 


iiis       The   engines    i  I  1 1 1 

.17  6   feet  e  leh     11  I  i     k 

li    iiiometiic  ease  and  1  nil  i      iii         ii  1  is 

in    bupplving    steam   to   the    eUoineb     uid   to    the 

V aiming  pipes  of  the  building   aie   elected  ii   m 

■\teiioi    buildmg  at  the  light  hand  end  of  the  mill 

11  1  ti  iiisimt   the  smoke  of  then  furnaces  tluou^h 

1 1  iiicous  tunnel  to  the  monument  il  looking 

By  tliib  mcms  a  powcihdtuui  leo  di aught 


b^  luuleb  letpuie  the  cotton  to  be  pitpued  un  the 
same  system  of  michmes  and  thciefoie  they  iiiu  t 
be  auaiiged  suboicbnattly  to  the  piepai  ition  looms 
This  an  Higcmcnt  has  been  consideied  in  the  tiue 
spint  of  m  inuLictuimg  economy  by  the  en^mcci 
As  the  looms  lequiie  the  utmost  stability  and  an 
atmospheie  lathei  hnmid  than  diy  thcv  aie  pheed 
on  the  giouud  flooi  of  the  body  oi  the  budding  as 
also  m  a  shed  behind  it  to  the  nuiiibei  of  about 
1000  The  thiostle  flames  occupy  the  fiist  and 
second  stones  of  the  mam  buihlin,  tin  muks  the 
foiuth  and  fiith  stones  each  ot  t'  I  i  i  i  uls 
ioimin^  iiioblegalleiy    300  II  i  li 

and  12  fret  hi Ji       Ihethiiil  ii  a 


632  FAC^ 

"  The  engine  occupies  an  elevation  of  three  stories 
Bt  the  right  hand  end  of  the  mill.  The  stories  imme- 
diately over  it  are  devoted  to  the  cleaning  and  lapping 
the  cotton  for  the  cards.  Here  are,  1,  the  willows 
for  winnowing  out  the  coars^-r  impurities;  2,  the 
blowing-machine  for  thoroughly  opening  out  the 
cotton  into  clean  individual  fibres ;  and  3,  the  lapping- 
machiue,  for  converting  these  iibres  into  a  broad  soft 
fleece  like  wadding,  and  coiling  the  fleece  into  cylin- 
drical roUs.  These  laps  are  carried  to  the  contiguous 
carding-engines,  and  applied  to  their  feed-aprons. 
The  winding-machines  and  a  few  mules  occupy  the 
remaining  apartments  in  the  right  wing.  The  attic 
story  of  the  main  building  is  appropriated  to  the 
machines  for  warping  and  di-essing  the  yarn  for  the 
power-looms.  The  other  wing  of  the  mill  is  occupied 
with  the  couutiug-house,  store-rooms,  and  apartments, 
for  winding  the  cotton  on  the  large  bobbins  used  for 
the  warpiug-framc.  A  staircase  is  placed  in  the 
corner  of  each  wing,  which  has  a  horse-shoe  shape, 
in  order  to  furnish  in  its  interior  the  tunnel  space 
for  tlie  teagle  or  hoist  apparatus,  for  raising  and 
lowering  the  work-people  and  the  goods  from  one 
floor  to  another." 


The  Factory  teagle  or  hoist  thus  alluded  to,  is  a 
contrivance  rendered  necessary  by  the  systcia  of 
many-storied  mills,  to  avoid  the  patnftd  effoit  and  loss 
of  muscular  energy  involved  in  frequently  ascending 
and  descending  numerous  flights  of  stairs  during  the 
day.  It  is  now  adopted  by  most  mill-owners,  as  a 
inatter  of  economy  as  well  as  cf  due  consideration 
for  their  work-people.  It  consists  of  a  movable 
platform,  capable  of  holding  some  half-dozen  of  ope- 
ratives, and  raised  or  lowered  within  an  upright 
tunnel  by  machinery.  The  tunnel  has  doors  in  its 
sides,  opening  into  the  diiferent  floors  of  the  factory, 
and  the  teagle,  moving  with  a  uniform  and  agreeable 
motion,  is  easily  arrested  at  any  one  of  these  stories, 
wliile  the  work-people  leave  or  enter  on  the  platform. 
The  same  means  is  of  coui-se  available  for  the  con- 
veyance of  goods  from  floor  to  floor.  The  teagle  is 
a  strong  frame-work  of  timber,  six  feet  high,  thiee 
sides  of  which  are  closed  in  with  deal  boards,  while 
the  fourth  is  leli  open,  and  faces  the  various  doors  of 
the  tunnel.  The  trame  is  suspended  by  ropes  from 
■QuUeys,  and  moved  by  machmery,  wliich  can  be  set 


in  train  M-ith  the  common  moving  power.  The  ac- 
companying illustration  wiU  sufiiciently  explain  the 
action  of  this  ingenious  macliine.  Accidents  occa- 
sionally occur  in  the  use  of  the  hoist,  but  these,  as 
well  as  other  accidents  from  machinery,  ai-e  lessened 
in  number  by  the  care  now  taken  to  guard  and  fence 
off  certain  parts  of  machines  considered  dangerous. 
It  is  the  duty  of  the  government  inspector,  according 
to  the  act  of  1S44,  to  see  that  such  precautions  are  j 
taken,  and  to  obtain  correct  returns  of  all  accidents  | 
in  a  factory,  which  prevent  the  person  injured  from 
returning  to  his  next  day's  work.  The  act  also 
expressly  requires,  that  if  the  inspector  or  sub- 
inspector  shall  observe  ia  a  factory  any  part  of  the 
machinery  of  any  kind  or  description,  or  any  driving- 
strap  or  band,  not  securely  fenced,  which  he  shall 
deem  likely  to  cause  bodily  injury  to  any  person  em- 
ployed in  such  factory,  he  shall  give  notice  in  writing 
to  tlie  occupier  of  the  factory,  or  his  agent,  and  if 
the  occupier  should  object,  or  consider  it  unnecessary 
to  fence  such  maciiiuery,  the  matter  is  to  be  referred 
to  arbitration,  the  arbitrators  being  persons  skilled  in 
the  use  of  such  machinery,  and  chosen,  one  by  the 
inspector,  the  other  by  the  occupier  of  the  factory, 
a  third  being  allowed,  if  necessary,  to  be  chosen  by 
the  other  two.  If  the  decision  of  the  arbitrators  be, 
that  it  is  unnecessary  or  impossible  to  fence  the 
macliinery  in  question,  then  the  occupier  will  not  be 
liable  to  the  expenses  connected  with  this  reference : 
but  if  the  decision  be  that  it  is  necessary  and  possible 
for  tlie  occupier  to  fence  the  machineiy,  then  the 
expenses  of  the  reference  wiH  also  fall  on  him. 

The  hours  of  labour  in  factories  for  women  and  young 
poisons  have  been  restricted,  by  the  law,  as  amended 
by  the  act  of  1 S50,  to  the  interval  between  six  o'clock 
in  the  morning  and  six  o'clock  in  the  evening,  (in- 
cluding meal-times,)  with  exceptions  during  tne  winter 
months,  and  for  the  purpose  of  recovering  lost  time. 
On  Saturday  the  working-hours  are  from  six  am. 
until  two  r  M.  Respecting  this  latter  arrangement 
an  inspector  (Leonard  Horner,  Esq.)  thus  wrote 
in  Ko\  ember  1850  : — "  One  of  the  greatest  boons 
which  the  act  of  last  session  has  conferred  on  the 
work-people,  is  the  cessation  from  laboni-  on  Saturdays 
at  two  o'clock  in  the  afternoon ;  two  and  a-half  hours 
of  continuous  time,  taken  off  that  day  from  what 
could  be  worked  under  the  Ten  Hours'  Act,  being  far 
more  valuable  to  the  work-people  than  tlie  five  sepa- 
rate half-hours  from  half-past  five  to  six  in  the  evening 
on  the  other  days  of  the  week.  This  boon  has  been 
acknowledged  with  not  less  gratitude  by  the  adult 
males  than  by  those  whom  the  law  takes  under  its 
protection.  In  some  cases  I  have  heard  of,  where 
an  attempt  was  made  to  induce  adult  males  to  work 
after  that  hour,  they  have  refused  to  comply,  pre- 
ferring the  leisure  to  the  additional  pay.  I  have 
heard  many  emphatic  expressions  by  the  work-people 
of  the  satisfaction  wliich  this  enactment  has  given, 
and  the  generality  of  masters  fully  admit  the  advan- 
tages of  it  to  those  they  employ.  Besides  the  direct 
I  benefit  of  their  work-people  having  an  tunity  of 

I  making  their  family  arrangements,  and  having  some 


recreation,  their  freedom  from  work  on  Saturday  at 
that  early  hour  is  very  likely  to  lead  mauy  to  a  ui 
decent    observance   of    Sunday   than  was    poss: 
under  the  old  system," 

A  gratifying  and  unexpected  result  of  shorten 
the  hours  of  labour  in  factories  lias  been,  that  nearly 
the  same  amount  of  work  is  turned  off  as  before. 
"This  is  accomplished,"  says  Mr.  Horner,  "jjarlly  by 
an  increased  speed  of  the  maeliincry,  but  chiefly  by 
the  closer  attention  which  the  people  give  to  their 
work,  and  arc  enabled  to  give  by  the  shortened  dura- 
tion of  the  daily  strain  upon  their  physical  powers. 
In  one  of  the  cases  stated  to  me,  there  had  been  no 
increase  in  the  speed  of  the  maehiuery.  The  manager 
of  one  of  the  largest  and  best-managed  cotton  mills 
in  my  district,  two  months  ago,  of  his  own  accord, 
made  a  statement  to  me,  which  I  wiote  du«n  at  the 
time,  and  which  I  now  copy  from  my  note-book  : — 
'Wc  are  turning  olT  the  same  amouut  of  work  as 
we  did  when  we  noiked  t\\el\c  houis  \\  hcu  I  came 
to  this  null  nme  >e  us  ago,  the  quantity  turned  off  m 
the  spinning  dcpaitmeut  was  the  same  as  now  ,  niid 
theio  hib  been  no  change  lu  the  machinery,  no 
incieabC  iii  the  sjiced  I  ict  down  the  keeping  up  of 
the  quantify  en  iicly  to  the  gieatei  attention  and 
activity  of  the  bauds  They  no  able  to  woik  bettci 
by  the  shoitei  time  they  aie  at  it '" 

It  was  thought  that  the  smallei  pay  of  facloiy 
opeiativcs,  lesultiiig  fiom  shoitened  houis  of  liboui, 
would  be  felt  as  a  gicat  guevauce,  but,  m  fact,  aiy 
dimmution  m  tlie  amouut  of  wages  earned  at  the 
factoiy  lb 


ways , 
to  at 


lUb   ll 


obliged  'o  piylui  thL  sli\i< 
niouey  foimeily  spent  in  this 
the   leisuie    alTnided   to   the 


-s  uf  a  huLliug  the 
May  IS  now  saved  by 
fern  lies   of    a   family 

nil  1       t'      til      1  t  il     ll    r    lilies   them 

tl  1    m  gieat 

1  (  ll  I       1       limbed  late 

But  .>omt  compensation  for  the  leductioii  lu  the  late 
ot  f  ic(ui>  wagLS  IS  obtamed  by  the  male  as  well  is 
the  fern  de  members  of  a  fniuly  imdtr  the  piesent 
sj  stem,  foi  they  nie  enabled,  by  cultivating  allotments 
ot   land  and  otheiwise,   to  coiitiibute   then    share 
towaids  eking  out  any  deficiency  in  the  aninunt  of 
wages  earned  at  the  mill ,  and  this  latter  a  1       f 
IS  much  moie  extensively  available,  even  in  ll 
of   fictoues   situated  m  laige  towns,   11 
at   flist   be    supposed       For    much    mon  I 

giound  IS  cidtivated  ni  the  subuibs  of  lait;e  to^us 
tlun  formeily,  and  moieovei  it  ib  no  uncommon 
ooouirenoe  foi  bauds  who  aie  employed  at  a  faetoij, 
to  be  residing  at  the  suiroundmg  vilhgcs  at  the 
dibt  mee  ot  foui,  sometimes  five  mdts  fiom  then  work 
A  medical  piactitioner  of  long  ei)  cueucc  lemaiked, 
that  the  hands  under  the  ten  houis  system  enjoy  an 
advantage  which  you  cannot  appieci  itt  in  money,  but 


to  the  value  of  which  they  are  keenly  alive, — namely, 
improved  health.  Young  girls  and  boys  who  have  to 
walk  long  distances  to  and  from  their  work,  arf 
greatly  benefited  by  the  extra  two  hours,  in  their 
health,  and  in  means  of  improvement  and  enjoyment, 
so  that  it  is  not  uncommon  to  hear  them  say,  "  I  had 
rather  give  up  a  meal  a-day  than  go  back  to  the 
long  hours." 

In  reporting  their  various  plans  to  the  inspector, 
one  mill-owner  says,  "  Last  w  inter  I  offered  about 
200  square  yards  of  IukI  ,■,,',-  :  .  ■!  manv  as  wished 
to  have  it.'  Tweiil>  i,  i,  -  i  M-.e  offer,  and  I 
have  been  amply  rein i;  :   il  has  been  a 

great  means  of  cujoynMiii  lii  il ,  i;  I  their  families. 

They  have  been  exceedingly  attentive  to  their  small 
gaidenb,liaviug  spent  in  them  most  of  the  time  between 
the  stoppage  of  tlie  miU  at  six  in  the  evening  and 
dark.  I  have  now  several  more  applications,  and 
intend  to  extend  my  plan,  until  eveiy  man  in  my 
cmphiynho  wishes  to  have  a  plot  has  got  one 
FoUovMug  out  the  idea  I  received  horn  you,  I  have 
dettimincd  upon  offeimg  piizes  foi  the  best  flowers 
and  have  bouglit  seveial  veiy  good  fiamed  and 
glazed  engiavmgb  for  that  puipose  I  also  established 
a  leadmgioora  and  hbrary  at  the  same  time,  which 
I  am  glad  to  siy  have  exceeded  my  anticipations 
Having  a  convenient  room  at  libeity,  I  offeied  it  to 
them  with  about  160  volumes  of  books  They  pay 
one  penny  a  week  as  subsoiiption,  (those  who  choose 
to  subscube,)  winch  sum  pnichases  a  sufficient  nuiu 
bei  of  ncvvspapcis  and  other  peuodicals  I  believe 
t,  meiely  m  a  pccuniaiy  point  of  view,  I  am  lepaid 
having  bettei  and  moie  wdlmg  woikmen ,  and  I 
iin  quite  confident  it  has  been  of  mcalcidable  seivice 
to  them  m  every  way" 

The  above  plans  aie  earned  out  in  a  ccm|>ai  dively 
lu'al  district,  and  it  may  be  s    1       11 
all  veiy  well  m  such  situations   1 
m  the  hcait  of  a  gieat  town  111     \l  I    t 

the  following  account  of  whit  I  1 

by  a  libeial  and  eiJightencd  In  i  ii 

as  an  answer  — "  For  a  numl  I 

these  estimable  partneis,   "  n  \    I       I  I    I   I     1 

viewed  with  souowful  feehm,s  tlu  w  lul  st  ite  of 
Ignorance  CMstuig  m  many  of  the  mills  of  this 
extensive  distuct,  we  saw  that  the  workeis  evmced 
a  veiy  low  tone  of  nioial  fctlmg,  that  their  homes, 
to  a  veiy  gieat  e\teut,  wcie  ill  furnished,  ovei- 
crowded,  badly  oi  not  at  all  v  cntilatcd,  and  generally 
without  those  httlc  cnmfoits  «n  nrcessaiy  to  render 


.  the  1. 


iiobd, 


seven  yeais  of  age,  had  grown  up  m  evd  habits,  and 
finding  little  comfoit  oi  attnction  at  home,  had 
generally  pieferied  the  alluiements  of  the  public- 
house,  thus  peipetuatmg  the  cvds  of  then  position, 
mstead  of  remov  nig  them  " 

The  fiist  attempt  made  by  the  masters  to  lemedy 
this  state  of  things,  was  to  establish  a  Ttmpeianci" 


Society.  Having  succeeded  in  this,  and  seen  it 
joiucd  by  more  tlian  three  hundred  of  tlieir  people,  they 
next  directed  their  elTmts  to  iinpi ovo  ilio  physical  com- 
forts of  the  operative-      Tn  \  !ii^  i.>  Iii'i.l   i  I'.i  I'plete 

system  of  ventilatinii ■',  n.i'         .h';      ijiiiliout 

fifteen  hundred  vriit;i  I.,     i:  ;,:.  ,     , -.Muicdto 

ventihiiH!!  <■'■'  <  '  .  .;  I -u,ia  alone  costing  100/. 
The  Ik  i  ;  :      i   ilie  people  were  wouder- 

I'liUy  iiifi<,i-(ii  ;i,  I  1,  <  )ne  woman,  about  forty 
years  of  agi',  had  long  suffered  from  asthma  1).. 
working  iu  confined  card-rooms.  Every  week,  vin  i; 
.«hc  was  laying  out  her  wages  in  provisions,  oii> 
shilling  was  regularly  spent  on  a  bottle  of  physic,  I  ■  i 
enable  her,  as  she  said,  to  breathe ;  after  the  ven- 
tilators were  set  to  work,  she  became  so  much  better 
that  she  discontinued  the  bottle  altogetlier,  and  was 
able  to  breathe  with  comparativr  fi.  r;!..n  Hjirn  air 
exercises  were  introduced,  w  ii  i    i  ■  «   of 

unproving  the  physical  comlii:  ■•  <  ■  :  iiives. 
An  extensive  gymnasium  au(i  :      .  .i  mird, 

running  parallel  wii  1 1  it;,    i,  /•  ■  '  •      ;:■  n 

this  with  the  niili-\   i  ■  :     '    ■'    -     :■  ■     <  ■    ^ 


the  li 


and  swings  were  crcijicJ  iii  ll-'  j-l-i;.  ^,;  im.l  I'm-  ihc 
use  of  the  boys ;  skipping  ropes,  ic,  were  provided 
for  the  girls,  and  leapiug-bars  and  skittles  for  the 
adidts.  A  clear  space  of  ground  was  reserved  for 
games  of  marbles,  merry-go-round,  and  other  childish 
spiuis.  Tlic  \^hole  of  the  ground  was  surrounded  by 
strong  scats,  where  many  enjoyed  their  meals  in  the 
opeu  air.  These  stqis  being  taken,  tlie  firm  thought 
the  way  had  been  j.:i\./i  in-  iinii!,',!  .ml  iii>>r;d  im- 
provement. Tlii'v  I  :  :.  ,1'  I  ::  WiLlual 
Improvement  Suci'i;,     ,   ,i      ..  im n- the 

i'\|iriiM',  Ihr  ollici-  ivimnirrated  OUt  of  the  funds  >■ 
the  jSocielv.  l'liir(.  yiung  men  emiiloyed  iu  ili. 
concern  also  acted  as  unpaid  teachers.  At  tin., 
institution  four-  classes  are  held  every  evening,  which, 
with  the  exception  of  the  adult  male  class,  are  all 
free  to  the  whole  of  the  bauds  employed  in  the  mill. 
In  connexion  with  tliis  Society  is  a  library  containing 
about  six  hundred  volumes,  the  subscription  to  which 
is  one  half-penny  per  week ;  or,  to  that  and  a  news- 
room, one  penny  per  week.  These  rooms  are  open 
:dl  (lay,  so  tliiit  at  meal  times,  or  when  any  of  the 
liiiiids  Mir  vi;iiting  for  work,  they  may  pass  their  time 
in  ri-adiug  the  various  newspapers  and  periodicals. 
Tea-parties  are  held  once  a-month,  and  fortnightly 
lectures  are  delivered  in  a  large  room  in  the  mill.  A 
Savings  Bank,  a  Co-operative  Society,  and  other 
useful  institutions,  unite  with  the  usual  and  ordinary 
means  of  knowledge  iu  a  large  town  to  raise  the 
coPidition  of  these  people. 

While  many  honourable  instances  occur  of  mill- 
owners  thus  turning  to  the  best  account  the  increased 
leisuv.;  afforded  to  ii.  \,ui!  -]mmi,!c,  others  are  on 
record,  in  wliich  t!  .  ,    ■    ely  grudged,  and 

various  attempts  an    _      ,,i.;.i' labcmr  out  of 

thu  operatives,  and  1 1ms  Iu  n;uir  llic  operation  of  the 


act,  and  to  gain  an  unfair  advantage  over  those  who 
strictly  conform  to  its  requirements.  Various  devices 
are  employed  to  this  end.  The  machinery  is,  perhaps, 
set  in  motion  five  or  ten  minutes  before,  and  continued 
to  five  minutes  after  the  appoiuted  time  of  com- 
mencing and  of  breaking  oli'  work  for  meals,  and 
this    cr.i,tn,:,r;l    nil    tlir.nidi   tl.;^    d:.v,   givr.  the  miE- 

OWner  ,.'.     ,'       ,,'!     :i   i    \.   r:'.    .      '      :    .■..,'.     1 ..  ;  1    that 


Hi  i  I  III  .  '  !nic  the  time  stated  in  the 
II 'le  !  \  !i|.  |.ii  ill  j,:iiuing  work  in  the  morning, 
to  take  lilleen  minutes  from  each  of  the  meals,  and 
to  run  the  engine  till  half-past  six  in  the  evening, 
instead  of  stop])ing  at  six.  Another  plan  has  been 
to  find  some  loophole  for  pleading  that  the  premises 
do  not  constitute  a  "  factory"  in  the  strict  sense  of 
the  word,  and  are  therefore  not  subject  to  factory 
laws.  The  definition  of  a  factory,  as  given  at  the 
hi  :id  of  this  article,  is  now,  however,  so  plainly  set 

1 1  h,  that  there  ought  not  to  be  any  longer  a  doubt 
11, 1  I  lie  subject.  The  several  devices  aUuded  to,  the 
n'lije.t  of  which  is  to  interfere  wilh  the  operation  of 
a  most  bencfifiiil  m'  nu-  :ili.i  riher  unworthy  the 
character  of  the   1.       ii   i  .  urei-,  and  subject 

him  to  the  cuum  „,;  ..,  i,i.  ...le.  liberal-minded 
brethren,  as  well  a-,  lu  sumiry  \eA.iiious  prosecutions 
which  it  is  the  duty  of  ihc  inspector  to  institute 
against  him. 

The  possibility  of  combining  with  reduced  hours  of 
labour  COmpulsor\  nl  leiuhinee  of  i:ii|<i,y  (lilldrcn  at 
school,  was  pro\ed  i  i,  .  i  ■  i-f  indi- 

vidual manufaei  e  i  <  .1  i     i.   liieliiwof 

I.  111.  i.     :.i  1  1  I  '.  ihe  111  ,i  In  apply  the  prin- 

.    Ml    III   1  I  :.     \     i.i  F;i/.eley  in  Stafl'ordshire. 

attributed.  The  law  as  it  now  stands  is,  that  no  child 
can  be  employed  in  a  factory  without  attending 
school  for  three  hours  a-day  on  five  days  of  every 
week,  and  that  no  child  can  be  employed  iu  a  print- 
work -without  having  had  at  least  150  hours  of  school- 
ing, given  in  at  least  thirty  days  in  the  six  months 
immediately  preceding  any  day  that  it  is  employed. 
Where  the  factory  schools  are  really  good  and  efficient, 
the  amount  of  instruction  given  in  these  half  days  is 
most  satisfactory;  no  stronger  proof  of  which  can 
be  given  than  by  stating  that,  out  of  61  effective 
schools,  where  the  instruction  is  partly  administered 
by  pupil-teachers,  approved  and  passed  by  the  in- 
spectors, and  possessing  varied  and  extensive  know- 
ledge, 28  of  these  pupU-teachers  had  received  no 
other  education  than  that  of  the  factory  schools. 
An  intelligent  master,  speaking  of  factory  boys,  says, 
"  They  are  among  my  best  scholars.  Three  or  four 
who  have  just  left  school,  bcuig   13,  and   entitled 
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ploys  thousands,  to  tbe  man  who  employs  one  or  two 
domestic  servants,  the  law  of  kindness  and  considera- 
tion equally  applies ;  and  no  amount  of  payment  of 
wages  will  atone  for  the  neglect  of  the  duties  which 
that  law  requires.     [See  Appendix.] 

FALL  of  BODIES,  see  p.  GU. 

FAN,  see  Ventilation. 

FAKINA,  see  Stahch. 

FAT,  see  Candle. 

FAULT,  see  Coal— Mining. 

FEATHERS.  The  preparation  of  the  feathers  of 
various  birds  for  ornamental  purposes  forms  the  art 
of  the  plumassier,  the  French  term  for  the  artisan 
who  works  on  them  and  combines  them  into  their 
various  forms,  according  as  they  are  wanted  for 
military  use,  or  for  the  purposes  of  the  toilette.  The 
feathers  most  esteenved  in  Europe  are  those  of  the 
ostrich,  which  are  accordingly  imported  from  the 
African  shores  in  considerable  quantities.  The  west 
of  Europe  is  chicHy  supplied  from  the  northern  mar- 
gin of  tbe  Great  Desert.  Those  plucked  from  the 
living  animal  are  far  more  beautiful,  as  well  as  more 
durable,  than  those  taken  from  tbe  animal  some  time 
after  death.  But  tlie  feathers  obtained  from  recently 
killed  birds  have  the  same  qualities  as  tbe  living 
ones,  and  are  far  superior  to  tbe  cast  or  dropped 
feathers.  The  plumage  of  the  male  bird,  as  is  gene- 
rally the  case  iu  all  varieties  of  the  feathered  race,  is 
very  superior  to  that  of  the  female,  tbe  fine  drooping 
plumes  on  the  back  and  near  the  tail  being  of  tlie 
purest  white,  while  those  of  tbe  female  are  never  free 
from  a  tinge  of  grey  near  tbe  tip.  In  preparing  the 
feathers  for  use,  they  arelirst  tied  together  in  bund'r-.  ' 
plunged  into  tepid  soap-and-w'ater,  and  rubbed  w  1 
the  hand  to  free  them  from  grease.  After  remaii:::  . 
in  it  for  a  few  minutes,  they  are  washed  several  tin;-  - 
in  pure  water,  as  hot  as  the  band  can  bear,  to  rid 
them  of  the  soap.  Then  they  are  bleached  by  being 
placed  for  a  quarter  of  an  hour  in  boiling  water,  hold- 
ing iu  solution  Spanish  white,  the  solution  being 
frequently  agitated  dm-ing  the  time,  and  the  feathers 
waslied  in  pure  w'ater  on  then-  removal.  The  nest 
process  is  to  pass  tbe  feathers  quickly  through  a  bath 
of  cold  water  tinted  with  indigo,  and  the  final  one 
consists  in  sidphuring  them  in  the  same  way  as  straw 
bats  are  done,  and  then  hanging  them  up  to  dry. 
The  ribs  of  the  feathers  are  scraped  to  render  them 
pliant,  and  the  filaments  are  curled  by  drawing  the 
edge  of  a  blmit  knife  over  them.  Featliers  are  made 
to  take  a  variety  of  beautiful  colours,  and  of  these 
rose  colour  is  given  with  safllower  and  lemon-juice, 
and  deeper  shades  of  red  by  a  boUing  bath  of  Brazil 
wood,  and  subsequently  a  bath  of  cudbear.  Indigo 
supplies  tbe  blues,  and  tm-meric  the  yellows,  alum 
being  the  usual  mordant.  Various  shades  are  ob- 
tained by  miitm-es  of  tbe  above  dyes  in  different 
proportions. 

Besides  the  ornamental  purposes  to  which  feathers 
are  applied,  there  are  highly  useful  ones,  of  whidi 
we  all  reap  the  benefit  in  the  comfortable  beds  they 
supply,  and  iu  the  facility  with  which  their  quills  are 
converted  into  organs  of  communication.     For  bed 


feathers,  those  of  tbe  goose  are  employed,  being  drieil 
in  tbe  air,  in  tbe  sun,  or  in  an  oven,  and  also  beaten 
many  times.  The  do^Ti  of  the  eider  duck,  a  bii-d 
which  is  only  found  iu  northern  countries,  is  remark- 
able for  its  lightness,  and  is  very  valuable  for  making 
quilts ;  but  this  down  should  never  be  employed  for 
sl-eeping  on,  as  it  thereby  loses  its  elasticity.  [See 
EiDEE  DowTj.]  Goose  feathers  unite  all  the  qualities 
required  in  beds,  namely,  softness,  elasticity,  lightness, 
and  warmth.  After  long  use  it  becomes  necessary  to 
purify  the  feathers  which  have  been  used  for  beds,  but 
this  cannot  be  done  by  washing,  as  with  wool  or  cotton. 
Sometimes  they  are  put  into  a  large  metal  cylinder, 
the  double  end  of  which  receives  tbe  fire,  and  then 
agitated  with  sticks  and  beaten  in  order  to  be  em- 
ployed again;  this  operation,  however,  dries  the  fea- 
thers very  much.  A  much  better  mode  of  purifi- 
cation consists  in  keeping  the  feathers  movmg  in 
rotation,  during  a  convenient  time,  in  a  cylinder  with 
double  partitions,  between  which  steam  is  introduced. 
The  feathers  are  exposed  during  several  instants  to 
the  action  of  the  steam  of  water,  and  are  then  di-ied 
by  simple  esposui'c  to  the  air. 

But  as  in  the  ease  of  the  ostrich,  so  in  that  of  the 
goose,  and  of  all  the  other  birds  whose  plumage  enters 
into  the  composition  of  beds,  tbe  feathers  plucked 
from  the  living  bird  are  decidedly  the  best,  in  respect 
of  all  those  qualities  which  render  them  valuable. 
Hence  arises  tbe  custom  of  plucking  tbe  live  birds 
four  or  five  times  a-year.  There  is  a  remarkable 
district  of  our  country,  in  which  this  practice  is 
commonly  pursued.  Holland,  a  province  in  Lincoln- 
''■■■",  (■  — "'fs  the  greater  part  of  that  division 
The  character  of  this  province  is 
province  of  tbe  same  name  in  the 
,  ;  1 1 1-  which  it  has  been  called.  Nearly  the 
v.h '!e  of  It  appears  to  have  been  once  covered  by  the 
sea,  and  only  brought  into  its  present  state  of  produc- 
tiveness by  the  persevering  labour  of  its  inhabitants. 
[See  Drainage.]  The  reedy  districts  which  have  not 
been  reclaimed  ai-e  well  stocked  with  aquatic  wild  fowl, 
and  the  taking  of  them  is  a  profitable  employment  to 
many  persons  who  supply  tbe  markets  of  London 
with  these  delicacies.  The  decoys  in  this  district  are 
more  numerous  than  in  any  other  part  of  England, 
and  are  thus  described: — "  They  are  commonly  formed 
around  quiet  pools,  to  which  pipes  made  of  bent 
willows,  and  covered  with  nets,  gradually  enlarging 
as  they  approach  the  water,  are  conducted.  Into 
the  large  orifice  of  the  pipes  the  wild  birds  are  enticed 
by  the  tame  ones,  trained  for  that  business,  and  who 
conduct  them  into  the  funnel,  when  the  appearance 
of  a  man  or  bis  dog  behind  drives  them  to  tbe  most 
contracted  part,  -where  they  are  taken.  The  quantity 
of  birds  taken  in  some  seasons  is  prodigious,  amount- 
ing to  some  hundreds  of  thousands.  They  usually 
consist  of  teal,  widgeon,  and  wild  ducks;  but  occa- 
sionally wild  geese,  godwits,  coots,  mffs  and  reeves, 
and  whimbrels,  are  caught."  In  these  fens,  the 
keeping  of  geese,  for  the  sake  of  the  feathers,  is  a 
considerable  branch  of  rur;d  industry,  and  supplies 
a  large  part  of  the  demands  of  the  kingdom,  both  for 
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beds  and  for  pens.     The  feathers  are  plucked 
the  hirds  at  three,  four,  and  sonietiiiies  five  diffi 
periods  in  the  year.     Tliis  is  certainly  a  barbarous 
custom;  but  the  breeders  assert  that,  for  their 
profit,  they  pluck  only  those  feathers  which  ar( 
near  falling  off  as  to  occasion  little  pain ;  those  ii 
firmly  fixed,  and  which  have  some  portion  of  blood  at 
their  end,  being  of  very  inferior  value.    This,  howevev 
is  contrary  to  the  assertions  already  made :  the  young 
ones  are  plucked  as  well  as  the  old  ones,  experience 
having  taught  that,  when  plucked  ear/y,  the  future 
growth  of  the  feathers  becomes  greater.     During  the 
breeding  scas.,11,  the  birds  are  lodged  in  their  owners' 
hull  ' -I   III  wir],.  c  |:rii^,  wiiirli  are  arranged  in  row.s, 
fi  r  '     I    '  ,  A  gooselierd  in  at- 

litu!  I,    ,      ,    .  .1    'i.'iii  daily  to  water,  and 

a--:  I  I 'i  Til  I  hi  t  I  '■  1 1 II ,  1 1 1  get  into  their  several 
cells.  The  allcudauts  arc  acquainted  with  each  indi- 
vidual goose  in  the  flock,  and  can  commonly  distin- 
guish them  by  the  toues  of  their  voices.  The  prepa- 
ration of  the  quills  for  pens  will  be  noticed  in  the 
article  Pen. 

FKCULA  or  FJ5CULA,  see  Stakcii. 

FELSPAR  or  FELDSPAR.  This  important  min- 
eral is  chiefly  interesting  in  the  useful  arts  on  account 
of  its  furnishiug,  by  a  natural  process  of  decomposi- 
tion, the  celebrated  kaolin,  used  in  making  porcelain 
or  china  ware.  [See  Clay.]  Felspar  is  composed  of 
silica  64-20,  alumina  IS  40,  and  potash  16  95.  Ac- 
cording to  some  chemists  it  may  bo  regarded  as  a 
silicate  of  alumina  with  silicate  of  potash.  Felspar 
also  furnishes  some  soils  with  potash.  According  to 
Liebig,  a  siugle  cubic  foot  of  felspa"r  is  sufficient  to 
supply  an  oak  copse,  covering  a  surface  of  26,910 
square  feet,  with  the  potash  required  by  the  trees  for 

FELT-FELTING,  see  Hat. 

FEN,  see  Drainage. 

FERMENTATION.  Most  vegetable  substances 
which  contain  starch  or  amylaceous  compounds,  also 
contaiu  substances  which  are  capable  under  favourable 
eh-cumstanccs  of  transforming  starch  into  sugar.     In 


i^i  I  111  IS  ■,tarch  into  a  soluble  substance 

nil  I   then  into  sugar,  provided  the 

ai  ii  ill  I  I  I  I  I  II  I  il  I  iiig  enough.  In  these  successive 
tiausfoimaiiiius  there  is  no  change  in  the  chemical 
composition  of  the  amylaceous  substance ;  but  it  be- 
comes soluble,  and  is  thus  carried  into  the  circulation 
of  the  plant  which  it  assists  in  developing. 

Ripe  fruits  which  contaiu  much  saccharine  matter 
also  contaiu  a  particular  substance  named  ferment, 
which  has  tlie  property  under  certain  circumstances 
of  decomposing  sugar  into  alcohol  and  carbonic  acid. 
But  in  order  that  the  ferment  may  produce  this 
effect,  a  certain  temperature  is  required,  as  is  also  the 
contact  of  oxygen  or  of  the  atmospheric  air.  If 
grapes  be  subjected  to  pressure  under  mercury,  and 


the  juice  received  into  a  bell  glass  also  fidl  of  mer- 
cury, it  may  be  kept  during  many  days  without  under- 
going any  change;  but  if  a  few  bubbles  of  oxygen  or 
of  atmospheric  air  be  introduced,  a  considerable  disen- 
gagement of  gas  takes  place  during  two  or  thi-ee 
days,  and  then  ceases.  If  after  this  the  juice  be 
examined,  it  will  be  found  that  all  the  sugar  has 
disappeared,  and  a  volatile  liquid,  alcohol,  has  taken 
its  place.  This  change  does  not  take  place  in  the 
ripe  fruit  itself  so  long  as  the  skin  is  sound  and  all 
contact  of  the  oxygen  of  the  air  with  the  juices  is 
excluded;  for  without  the  contact  of  oxygen  fermen- 
tation caimot  take  place. 

This  ferment  is  also  prodiunl  „1h,i  MLnahl,.  or 
animalmatters spontaneously  ill  !  .mi,', 

a  large  quantity  of  this  fermnii.     .  ,.  or 

leai-eii,  is  produced,  a  small  iiniinii  i.i  '■,  !;i 'ii  luing 
mixed  with  a  solution  of  sugar  soon  produces  fermen- 
tation, or  the  conversion  of  the  sugar  into  alcohol 
and  carbonic  acid  gas.  So  also  when  animal  or  vege- 
table substances,  such  as  flesh,  urine,  gelatine,  white 
of  egg,  cheese,  gluten,  leguminous  substances,  blood, 
i&c.  are  exposed  for  some  time  to  air  and  moisture, 
they  undergo  putrefaclioii,  which  is  essentially  a 
fcimentatiou,  in  which  tlie  sugar  contained  in  these 
various  substances  is  transformed  into  alcohol  and 
carbonic  acid. 

AH  saccharine  substances  under  the  influence  of 
ferment  undergo  this  decomposition  more  or  less 
readily,  and  it  is  a  characteristic  of  this  class  of 
organic  products.  The  s\igar  of  acid  fr\iits,  which 
turns  the  plniir  r,f  pnlnvirnl'rm  to  t!,r-  V'\  ;   tlir  .olid 


to  ferment  it  is  fliiin     .i   i. '  ■;    ■  :    ■    .!,:■      ii',,.ir. 

Fresh  yeast  ahvay-  i-   ■  '  '    '    '  i      '  '  n  l''' 

acid,  and  it  is  this  ami  mimIi  ;i:  i  il  :ih;_.  -.  ilir  raiie 
sugar  into  grape  sugar;  but  as  vegetable  acids  rcquiic 
much  time  for  this  transformation,  the  fermenting 
process  is  necessarily  slow.  Yeast  deprived  of  this 
rii  ill  liv  v>:"h!Mc-.  remains  for  a  long  time  without  any 
I  !  I  hill  of  cane  sugar;  nor  does  fermen- 
iiiil  il  the  acid  is  formed  agiiin  by  the 
I  ;i  nuv  \\  iiili  lake  placc  in  the  yeast  in  contact  \vith 
air  and  water.  If,  on  the  contrai-y,  we  add  to  a  solu- 
tion of  sugar  the  acid  liquor  proceeding  from  the 
wasldng  of  the  yeast,  the  cane  sugar  will  be  transformed 
into  grape  sugar,  which  will  enter  into  immediate 
fermentation  by  contact  with  the  washed  ferment. 

100  parts  of  grape  sugar  yield  by  fermentation 
4S.S8  parts  of  carbonic  acid,  and  51.12  of  alcohol,  so 
that  the  chemical  elements  of  tlie  ferment  do  not 
appear  in  the  reaction,  which  may  be  expressed  in 
tlie  follovfing  equation : — 

C,2H|2  0,2  =  4C02  +  2C,no02 


The  decomposition  of  sugar  by  fermentation  requires 
the  immediate  contact  of  the  yeast,  as  may  be  proved 
by  the  following  experiment : — the  mouth  of  a  bottle 


I'ERMENTATION. 


T,  Fig.  899,  containing  a  solution  of  sugar,  is  fitted 
with  a  perforated  cork  through  which  passes  a  wide 
tube  a  b  open  at  both  extremities,  but  the  lower 
one,  4,  is  closed  by  a  piece  of  porous 
paper.  A  small  quantity  of  yeast 
diffused  through  a  little  water  is 
'\A  poured  into  the  tube.  In  proportion 
as  the  saccharine  solution  penetrates 
the  tube  a  b  through  the  paper,  a 
very  active  fermeutation  is  developed, 
and  an  abundant  liberation  of  car- 
bouic  acid;  while  in  the  bottle  itself 
nothing  of  this  kind  takes  place,  and 
the  sweet  solution  remains  unchanged. 

During  the  decomposition  of  sugar  by  fermentation, 
the  ferment  itself  is  destroyed,  so  that  a  small  portion 
of  this  active  principle  is  not  capable  of  decomposing 
an  indefinite  quantity  of  sugar.  If  the  quantity  of 
ferment  is  too  small  compared  with  that  of  the  sugar, 
its  decomposition  is  eft'ected  before  tliat  of  the  sugar, 
a  portion  of  which  remains  in  the  solution  unchanged. 
If,  on  the  contrary,  too  much  ferment  be  present,  the 
decomposition  of  the  sugar  is  effected  before  that  of 
the  ferment,  and  the  latter  continues  its  action  alone. 
U  a  fresh  portion  of  a  saccharine  solution  be  now 
introduced,  it  produces  fermentation  therein  until  it 
is  completely  decomposed.  The  proportions  which 
are  best  adapted  to  a  rapid  fermentation  are  1  part 
cane  sugar,  3  or  i  parts  water,  and  |  part  of  fresh 
yeast.  If  the  proportion  of  sugar  be  increased,  the 
fermentation  becomes  less  active,  and  it  is  entirely 
arrested  in  a  saturated  solution  of  sugar.  In  all 
cases  sugar  does  not  destroy  more  than  2  per  cent,  of 
its  weight  of  ferment. 

Weak  acids  employed  in  small  quantity  assist 
fermentation;  alkalies,  on  the  contrary,  stop  it,  or 
completely  modify  the  reaction. 

Ferment  appears  to  be  a  kind  of  microscopic  vege- 
tation, which  is  spontaneously  developed  in  the  organs 
of  plants,  and  in  a  large  number  of  azotized  sub- 
stances left  to  putrefy.  It  is  found  in  greatest  abun- 
dance when  a  solution  of  sugar  mixed  with  albuminous 
substances  of  animal  or  vegetable  origin  is  exposed 
at  the  ordinary  temperature.  After  some  time  the 
liquor  becomes  troubled,  and  deposits  small  ovoid 
bodies,  which  increase  in  size  until  they  have  attained 
the  diameter  of  -i-Jtrth  of  a  millimetre.  Two  dif- 
ferent kinds  of  ferment  may  be  distinguished,  both 
by  the  manner  in  which  they  become  developed, 
and  by  their  mode  of  action  upon  saccharine  solu- 
tions. The  first  or  vpper  yeast  is  formed  in  a 
mixture  of  sugar,  water,  and  albumen,  at  a  tempe- 
ratm-e  ranging  between  04°  and  77° ;  the  second  or 
lower  yeast  is  formed  only  at  temperatures  between 
3-2°  and  4G°.  The  form  cf  these  globules  and  their 
development  may  be  studied  under  the  microscope 
by  dilTusing  a  very  small  q\iantity  of  veast  in  a  little 
sweet-wort,  and  placing  a  drop  of  this  liquor  between 
two  thin  plates  of  glass,  with  a  little  mastic  varnish 
at  tlie  edges  to  jirevent  the  evaporation  of  the  water. 
These  plates  are  put  under  the  microscope,  and  by 
earefullv  adjusting  a  single  ^rk  bule  of  yeast  in  the 


centre  of  one  of  the  spaces  formed  by  the  cross 
threads  of  the  micrometer,  its  development  may  he 
watched  and  measured.  The  accompanying  figures 
show  the  arrangement  of  the  new  globules  of  yeast 
which  are  formed  successively  round  the  primitive 
globule  A  1,  at  the  temperature  of  about  66°.  This 
first  globule  remains  for  about  two  hours  unchanged ; 
after  which  there  is  formed  from  a  point  of  its  surface 


s  thirty  globiJes  are  formed  round 
On  tlie  fourth  day  there  will  be 
after  which  no  more  globules  will 
be  formed,  the  albuminous  substances  necessary  to 
their  formation  being  probably  exhausted.  Six  suc- 
cessive generations  of  globules  are  in  this  way  formed, 
and  they  are  marked  in  the  figures  in  the  order  of 
their  production.  The  different  globules  appear  to  be 
in  contact,  but  there  does  not  seem  to  be  any  commu- 
nication between  them. 

It  appears  from  this  experiment  that  when  an 
albuminous  substance  is  added  to  a  mixture  of  sugar 
and  yeast,  the  sugar  is  not  the  only  substance  acted 
on,  for  the  albuminous  matter  undergoes  several 
changes,  and  becomes  converted  into  leaven.  This 
explains  how  it  is  in  breweries  that  when  the  fermen- 
tation of  the  worts  is  finished,  a  quantity  of  yeast  is 
obtained  seven  or  eight  times  greater  than  that 
employed  to  excite  fermentation.  This  surplus  yeast 
is  to  some  extent  used  to  excite  the  panary  fermen- 
tation in  bread.     [See  Bread.] 
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In  the  al)ove  microscopic  exaitiinatioii  it  may  readily 
be  perceived  that  each  globule  is  composed  of  a  solid 
envelope  enclosing  a  liquid ;  it  forms  a  kind  of  cellule, 
the  inner  surface  of  which  is  coated  with  a  mucila- 
ginous substance.  If  the  system  of  globules  which 
has  attained  its  state  of  complete  development  be 
examined  during  several  days,  it  will  be  seen  that  a 
number  of  minute  granules  arc  formed  in  each  globule ; 
(see  n  4;)  the  rapid  motion  of  which  sliows  that  they 
float  in  a  liquid.  In  the  course  of  time  this  interior 
liquid  is  entirely  transformed  into  granules. 

The  globules  whose  development  we  have  been 
following  belong  to  the  upper  yeast,  and  are  formed 
by  a  system  of  buds  one  upon  tlie  other.  The  lower 
yeast  is  composed  of  isolated  globules  disseminated 
in  the  liqidd :  their  formation  may  be  observed  under 
the  same  cii-cumstances  as  in  the  upper  yeast,  but 
the  temperature  must  not  exceed  i4°  or  46°.  Each 
globule  appears  at  first  as  an  isolated  point  in  fho 
liquid,  and  is  developed  until  it  has  acquii-ed  a  dia- 
meter of  about  Tffuth  of  a  millimetre.  Some  observers 
suppose  that  the  original  globules  of  the  lower  yeast 
burst  and  discharge  into  the  liquid  tlie  granules 
enclosed  within  tliciii,  each  of  tlieso  granules  then 

the  lower  yeast  increases  or  y/-""-;,  i  '■  lo  iMi.irnl 
from  that  by  which  the  upper  m  a-'  :  :  If 

the  temperature  be  raised  to  Gs-  oi  ] ,  ,  i  in  ,  ol.ih  il 
globules  of  the  lower  yeast  arc  immeilialciy  lievelopcd 
by  buds,  thus  producing  tbe  upper  yeast. 

The  action  of  llic  two  kinds  of  yeast  upon  saccha- 
rine solutions  is  also  dill'crcnt.  The  upper  yeast 
produces  a  much  more  active  Iimih  i  ii  m,  :;;  I  a 
very  abundant  disengagement  of  r..  I.  m      i,    i    \',  h!,- 

the  yeast  is  briskly  agitated  in  I  he ,  n     ,   i   nl, 

and  foams  up  to  the  surface.  The  Iua.i  mu:!  acl.s 
much  more  slowly,  often  requiring  two  and  three 
months  to  produce  a  complete  transformation  of  the 
sugar  into  alcohol  and  carbonic  acid ;  nor  i.'i  the 
ferment  in  rapid  motion  in  the  liquid,  or  sent  up  to 
the  surface ;  but  it  is  deposited  and  accumulates 
quietly  at  the  bottom.  This  lower  yeast  is  employed 
on  the  continent  in  brewing  that  light  description  of 
bitter  ale  known  as  Bavarian  beer. 

Observers  have  not  been  able  to  trace  under  the 
microscope  the  changes  which  the  yeast  induces  in  a 
saccharine  solution,  the  disengagement  of  carbonic 
acid  rendering  such  observations  difficult.  It  has 
been  found,  however,  that  the  yeast  increases  about 
■J  of  its  weight.  Its  chcinical  composition  has  also 
changed.     Fresh  yeast  consists  of — 

Carbon 47.0 

Hydrogen 6.G 

Nitrogen 10.0 

Oxygen,  about o5.0 

together  with  traces  of  siuphur,  phosphorus,  and  some 
mineral  bases,  such  as  potash  and  lime.  The  same 
yeast  after  it  has  produced  fermeutation  contains — 


so  that  whde  the  carbon  remams  neany  the  s  ime  as 
before,  the  hydiogen  has  sensibly  incieastd,  and  the 
nitrogen  has  dmumshed  one  hall 

If  an  aqueous  solution  of  iodine  be  brought  int( 
contact  with  the  globules  ot  ieiment,  the  exteiioi 
envelope  does  not  become  colouied  but  the  inteuoi 
Uquid  assumes  a  brown  colour  This  may  be  pioved 
by  breaking  the  globules  between  t-no  pieces  ol  ghss 
The  envelopes  piesent  the  chai-icteis  of  cellulose 
When  a  ccituu  qumtity  of  yeast  is  left  m  contact 
with  a  sacchaune  solution,  so  as  to  be  completely 
decomposed,  and  the  residue  be  ground  in  a  moitu 
and  the  soluble  paits  lemoved  by  w  ishing  with  watei, 
alcohol,  and  ethei,  a  \^hite  substance  is  left  \\hich 
yields  glucose  by  the  action  ot  sidphuiic  acid,  and 
does  not  dissohc  in  alkaline  solutions,  -which,  on  the 
contraiy,  immediately  efl'eet  tlic  solution  of  the  albu 
minons  substances  ot  the  feimcnt 

Yeast  diied  m  vacuo  or  at  i  Iom  temperature  is 
converted  info  a  hard,  hoiny,  scnu  tnnspuent  mass, 
of  a  reddish  grey  colour  Its  propeity  of  deter 
mining  the  feimentation  of  sacchaune  solutions  is  not 
lost  but  only  suspended,  foi  on  digestuig  it  f  i  son 
time  in  witei  it  again  becomes  aeti\e  11  it  1 
boiled  foi  a  few  moments  it  loses  its  chaiacteustu 
projierty,  but  wdl  leg  tin  it  by  exposiue  to  the  an, 
\  provided  it  has  not  been  exposed  too  long  to  the 
j  temperatuie  of  212°  Yeast  also  loses  its  feimenting 
property  by  being  mixed  with  alcohol,  set  sdt,  i 
great  excess  of  sugai,  oxide  of  meieuiy,  couosne 
sublimate,  pvioligueous  acid,  sulphuiousacid,  niti  ite 
of  silver,  the  essential  oils,  &e  &c  This  effect, 
however,  is  not  pioduccd  by  certain  powerful  poisons 
such  as  arsenious  acid  and  tartar  emetic ,  and  it  is 
worthy  of  lennik,  that  these  substances  do  not 
interfere  ■«  ith  the  development  of  certain  micioscopie 
plants ;  solutions  of  emetic  exposed  foi  so  ne  tmu 
to  the  air  become  covered  with  confenae 

Such  is  the  amount  of  oui  knov\  ledge  on  tlie  sub 
ject  of  fei  mentation  Impoitant  as  this  pioccss  is 
in  an  industrial  as  \^ell  as  a  scientific  point  of  \ie\v, 
that  knowledge  is  veiy  small  The  action  by  -nlucn 
yeast  or  feiment  detei  mines  the  ti  msfoimation  of 
sugar  into  alcohol  and  eaibonic  acid  still  remains 
without  explanation  Some  chemists  suppose  that 
the  development  and  the  successive  changes  of  the 
globides  of  feiment  u  detcin  m  1  by -util  loice 
otheis  suppose  th  it    I  I       if  I /-m  n 
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decomposed,  01  then  elements  enteung  into  the  leie 
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I'ERMENTATION-riLE. 


the  panicles  of  the  ferment  during  their 
changes  are  the  clufif  cause  of  the  decomposition  of 
the  sugar,  which  motions  being  commurdcated  to  the 
saccharine  particles  destroy  then:  inertia,  and  the 
elementary  molecules  grouj)  tlieniselves  in  such  a 
manner  as  to  form  more  stable  compounds. 

Li  tliis  article  we  have  chiefly  follow  ed  the  abstract 
given  by  llcgnault  in  the  fourth  volume  of  his 
"  Cours  de  Chimie."  A  much  fuller  account  of  fer- 
mentation is  given  by  Dumas  in  the  sixth  volume  of 
his  "  Traite  de  Chimie."  For  practical  examples  of 
fermeutation  we  refer  to  the  articles  Beer — Bkeab 
— DisTiLLiTioN— Acetic  Acid. 

FERROCYANIC  ACID.    See  Prussian  Blue. 

FILE.  A  file  may  be  defined  as  a  strip  or  bar  of 
steel,  the  sm-faces  of  which  are  cut  into  fine  points  or 
teetli,  which  act  by  cutting,  ploughing  up,  or  abrading 
the  substance  to  which  they  are  applied.  The  surface 
operated  on  by  the  file  is  covered  with  minute  in'c- 
gular  furrows,  in  consequence  of  the  removal  of 
particles  of  the  material  known  as  file-dust ;  but  the 
state  of  the  surface  after  the  operation  of  filing 
depends  on  the  size  of  the  teeth  of  the  file,  the 
degree  of  accuracy  with  which  they  are  cut,  and  the 
skill  of  the  workman. 

The  varieties  of  files  are  almost  endless,  depending 
as  they  do  upon  the  kind  of  work  for  which  they  are 
required.  Thus  files  may  vary  in  length  from  three- 
quarters  of  an  inch,  as  in  some  of  those  used  by 
the  watchmaker,  to  2  or  3  feet  and  upwards,  as  in 
some  of  those  used  by  machinists  and  engineers. 
Watchmakers'  files  are  of  a  more  varied  character 
than  those  of  any  other  artisan,  but  they  seldom 
exceed  4  or  5  inches  in  length;  wliile  the  files 
used  by  the  maehmist  are  not  under  8  inches 
in  length.  Mathematical  instrument  makers,  gun 
makers,  and  those  whose  works  are  of  medium  size, 
employ  files  from  about  4  to  14  inches  in  length. 
Tlie  length  of  files  is  measured  exclusively  of  the  tang 
or  spike  by  which  the  file  is  fixed  m  its  handle.  There 
is  no  fixed  proportion  between  the  lengths  and  widths 
of  files ;  but  in  general  the  lengths  of  square,  round, 
aud  triangular  files  are  from  20  to  30  times  their 
widths  taken  at  the  widest  parts ;  and  the  lengths  of 
broad  files,  such  as  flat  files,  haK-round  files,  &c.,  are 
from  10  to  12  times  their  greatest  widths. 

Files  are  also  distinguished  as,  1,  taper,  2,  Hunt, 
and  3,  parallel.  The  first  kind  are  the  most  niunerous, 
their  length  being  made  to  taper  so  as  to  terminate 
nearly  hi  a  point.  The  second  kind  of  files  are  made 
parallel,  or  nearly  so,  and  hence  terminating  in  a 
square  or  blunt  end,  are  known  as  blunt  pointed,  or 
simply  blunt  files.  In  both  kinds,  however,  the  sec- 
tion of  the  file  is  largest  towards  the  middle,  so  that 
the  sides  are  somewliat  arched  or  convex.  A  few 
files  are  made  as  nearly  parallel  as  possible,  and  con- 
sequently have  an  equal  section  throughout ;  such  are 
termed  parallel  files  and  dead  parallel  files ;  but 
even  iu  thise  it  is  very  common  to  find  them  sliglitly 
fuller  in  the  middle.  In  almost  all  taper,  blunt,  and 
parallel  files,  the  central  line  is  kept  as  straight  as 
possible ;  a  very  few  files,  such  as  the  rifflers,  used  by 


sculptors  and  carvers,  are  made  curvilinear  m  their 
central  hue. 

Files  are  also  (li.ti„^ni.|,pfi  ;„  Sh.'fh'!fi-i,n,rle  ami 
Lancashire-made,  SL  '  ;  ;  \\  ::  .  ::;  Lanca- 
shire, being  the  inn;'  .  ,  'M'l'  I  ;  .!:iitacture 
in  England.  Tli"  J.air  ;,.>  ,,..-  ur  n.  .-liy  the 
finer  varieties,  sucli  as  are  used  by  watch  and  clock 
makers,  mathematical  instrument  makers,  &c.  'I'hese 
fUes  were  formerly  very  superior  to  those  made  at 
Shefiield,  in  the  quality  of  the  steel,  delicacy  of  form, 
perfection  and  fineness  of  the  teeth,  aud  success  in 
hardening.  Of  late  years  the  Shelfield  manufacturers 
have  gone  on  steadily  improving,  so  much  so  that  Mr. 
Holtzapffcl  thinks  that  in  files  exeeediug  8  or  10  inches 
in  length,  Sheffield  files  are  nearly  equal  to  the  Lanca- 
shii-e;  but  iu  files  not  exceeding  that  length  the 
superiority  is  considered  to  pertaui  to  the  latter. 

FUes  iu  other  respects  the  same,  may  differ  in  the 
forms  and  sizes  of  theii-  teeth.  In  the  first  place,  files 
may  be  double-cut ;  that  is,  two  series  of  straight 
chisel  cuts  are  made  to  cross  each  other,  whereby  an 
immense  number  of  points  or  teeth  are  raised  on  the 
surface  of  the  file.  In  the  second  place,  files  may  be 
single-cut,  that  is,  a  number  of  ridges  are  raised 
square  across  the  file  by  means  of  one  series  of 
straight  chisel  cuts.  Such  files  are  distinguished  by 
the  name  of  floats,  the  term  file  always  implying 
double-cutting.  In  the  third  place,  when  the  surface 
of  the  steel  is  dotted  over  with  separate  teeth  formed 
by  the  indentations  of  a  pointed  chisel  or  punch,  a 
rasp  is  formed.  Floats  and  rasps  are  used  for  woods 
and  soft  materials;  double-cut  files  for  metals  and 
general  purposes. 

Double-cut  files  are  fui-ther  distinguished,  by  theur 
respective  makers,  according  to  the  fineness  of  the 
teeth,  as  follows : — 

Lancashire  files.  Shejfield files. 

1.  Rouoh.  1.     Hough. 

2.  *  Middle-cut.  2.     Bastard. 

3.  Bastard.  3.     Second-cut. 

4.  *  Second-cut.  4.     Smooth. 

5.  Smooth.  5.  *  Dead-smooth. 

6.  Superfine. 

The  sizes  marked  *  are  not  commonly  made,  so  that 
we  may  consider  that  there  are  four  degrees  in 
^ach  scale,  the  Lancasliire  being  somewhat  finer.  All 
or  any  one  of  these  four  varieties  of  double-cutting 
apply  to  every  length  of  file,  so  that  the  number  of 
cuts  in  the  inch  varies  greatly  with  the  length  of  the 
file,  as  will  be  seen  in  the  following  table  :— 


Floats  and  rasps  are  usually  distinguished  as  coarst 
and/«e;  but  these  two  varieties  of  teeth  difl'er,  u 
files,  according  as  the  length  varies. 

Some  files,  such  as  ai-e  used  for  makmg  a  set-ofl"  oi 
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ilioulder,  or  in  filiug  out  ruclangulai-  comers,  have 
me  or  more  of  their  edges  left  uncut,  or  aafe  as  tliey 
irc  nailed ;  bucli  safe-edges  rubbing  against  tlie  work 
md  guiding  the  cut  part  of  the  file,  without  acting 
3n  the  part  which  they  rub.  In  some  cases  the  edges 
done  are  cut,  and  the  sides  left  safe  or  smooth. 
With  respect  to  the  forms  of  files,  their  sections 
■e  derived  from  the  square,  the  circle,  and  tlie  eqvila- 


above:  they  taper  in  width  and  thickness,  but  Lave 
very  little  swell. 

I'iUar  files.  Section  I\o.  3,  are  much  narrower  and 
somewhat  thinner  than  hand  files,  and  are  used  fur 
lighter  work,  or  for  completing  work  that  was  begun 
with  the  hand  fJe.  They  have  usually  one  safe  edge, 
and  vary  from  3  to  10  inches  in  length. 

Half-round  files,  Section  No.  11,  are  not,  as  the 
name  would  imply,  seniicu-cular  in  section,  but  the 
curvature  may  in  general  vary  from  the  fourth  to  the 
twclftli  part  of  the  circle,  the  former  being  called  ./a« 
half-round,  and  the  latter /«;  half-round  files.  Half- 
round  files  are  usually  taper:  they  vary  from  about 
i  to  IS  inches  in  length  :  the  convex  surface  is  used 
for  various  kinds  of  hollowed  work,  and  the  flat  side 
lor  general  purposes. 

Trltingutar  files.  Section  No.  17,  also  called  three- 
square  files,  vary  from  2  to  16  inches  long :  they  are 
used  for  internal  angles,  for  clearing  out  square 
corners  and  for  sharpening  saws. 

Cross  files,  crossing  files,  or  double  half-rounds, 
Section  No.  12,  are  circular  on  both  faces,  but  of  two 
different  curvatures.  They  are  used  for  filing  out 
the  crosses  or  arms  of  small  wheels  as  in  clock-work, 
the  opposite  sides  of  the  tool  presenting  a  choice  of 

Round  files.  No.  9,  vary  from  2  to  18  inches  in 
length;  tncy  are  usually  taper,  and  are  used  for 
enlarging  round  holes :  when  small  and  taper  tliey 
are  termed  rat-tail  files,  from  the  resemblance  to  a 
rat's  tail;  when  small  and  parallel  they  are  c;dlcd 
!:■<,.  i,'j5.    slctio^s  deeived  rRoji  iue  trwngu.  ^  joint  files,  from  their  use  in  fiUug  the  hollows  in  the 

The    names   of  some   files   are   derived   from  their  '  joints  of  snuff-boxes,  &c. 

sections,  as  square,  round,  and  half-round  files ;  others  '  Square  files  vary  from  2  to  18  inches  long :  they  are 
fro)n  the  uses  to  which  they  are  applied,  as  saic-files,  mostly  ta[ier,  aud  in  some  cases  have  one  safe  edge ; 
slittinff,  warding,  aud  cotter  files.  But  the  files  in  they  are  used  for  small  apertures,  and  for  piu'poses 
most  common  use  are  those  known  as  taper  files,  hand    to  which  the  ordinary  flat  files  are  inapplicable  on 


files,  cotter  and  pillar  files,  half-round,  triungula 
cross   aud   round  files,  square,   equalling,  knife  and 
slitting  files,  and  rubbers. 

Taper  files  or  taper-fat  files  vary  in  length  from 
about  1  to  2i  inches :  they  are  rectangular  in  section, 
as  in  No.  2  ;  they  are  considerably  rounded  on  their 
edges,  aud  somewhat  also  in  their  thickness ;  hence 
they  are  .said  to  be  bellied :  all  four  varieties  of  cut- 
ting are  applied  to  these  files,  which  are  in  general 
use  among  smiths  and  mech 

Ha7td  files  ox  flat  files  resemble  those  last  described, 
except  that  they  are  nearly  parallel  in  width  and  less 
taper  in  thickness.  They  arc  commonly  used  for  flat 
surfaces,  and  when  more  accuracy  is  required  than  in 
the  work  operated  on  by  taper  files;  but  in  filing 
narrow  apertures  and  notches,  the  taper  file  is  used, 
first  with  the  small  end ;  next,  the  central  and  wder 
part ;  and  then  the  whole  length  of  the  tool. 

Cotter  files  vary  from  6  to  23  inches  in  length : 
they  are  used  in  filuig  grooves  for  the  colters,  keys  or 
wedges,  used  in  fixmg  wheels  on  their  shafts;  whence 
the  name.  They  are  narrower  than  hand  fdcs,  and 
nearly  flat  on  the  sides  and  edges,  so  as  to  present 
almost  the  same  section  at  every  part  of  their  length. 
Tctper  cotter  files  or  entering  files   differ  from   the 


account  of  their  larger  si 

Equalling  files.  Section  No.  4,  are  usually  parallel 
in  width  and  always  parallel  in  thickness :  they  range 
from  2  to  10  inches  long.  In  locksmiths'  ?ra/-(/-file3 
the  two  broad  surfaces  are  left  safe. 

Knife  files,  Section  19,  are  usually  made  veiy 
acute  on  the  edge,  and  from  2  to  7  inches  long,  both 
parallel  and  taper ;  they  are  used  in  cutting  narrow 
notches,  aud  in  making  the  entry  for  saws  and  for 
files  with  broader  edges;  also  in  bevilling  or  cham- 
fering the  sides  of  narrow  grooves. 

Slitting  fdes  ox  feather-edged  files  arc  similar  to  the 
last,  except  that  they  have  two  thua  edges  instead  of 
one,  as  in  Section  20. 

Rubbers  are  strong  heavy  files  made  of  inferior  steel 
from  \i  to  IS  inches  in  length,  aud  from  f  to  2  inches 
on  each  side :  they  are  convex  or  fish-bellied,  and  are 
frequently  designated  by  their  weight,  which  may 
vaiy  from  4  lbs.  to  15  lbs.  Their  section  is  square 
and  triangular,  as  in  Nos.  I  and  17 ;  or  with  one  side 
rounded,  sucli  as  would  be  formed  by  the  union  of 
Nos.  2  and  10,  in  which  case  they  arc  termed  half- 
thick.    Then-  chief  use  is  to  brighten  the  surface  ot 

The  small  fdes  used  hi  watch-making  arc  uuracrous. 


on  m 

In  the  following  enumeration  of  the  Sections  Nos.  1 
to  24,  the  names  of  watch-makers'  files  are  marked  in 

Section  No.  1.  Square  files,  parallel  and  taper,  some 
of  which  have  one  safe  side :  also  square  i-ubbers. 

No.  2.  Cotter  files  when  lai-ge ;  verge  aud  pivol 
files  when  small. 

No.  3.  Hand  files,  parallel  aud  flat  files :  when 
small,  pottance  files ;  when  narrow,  pillar  files ;  also 
taper  flat  files. 

No.  4.  "When  parallel,  equalling,  clock-pinion,  and 
endless-screw  files;  when  taper,  slitting,  entering, 
warding,  and  barrel-hole  files. 

Nos.  5  and  6.  French-picot  aud  shouldering  files, 
which  are  small  aud  stout,  and  have  safe-edges :  when 
made  large,  and  right  and  left,  they  are  called  parallel 
V-filcs,  from  their  use  in  making  the  hollow  VVs  of 
machinery. 

No.  7.  Plat  file  with  hollow  edges,  used  as  a  nail 
file  for  the  dressing  case. 

No.  8.  Pointing  mill-saw  file,  round-edge  equalling 
file,  and  round-edge  joint  file;   made  parallel  and 

No.  9.  Round  file,  guUeting  saw  file ;  parallel  and 
taper. 

No.  10.  Frame  saw  file  for  gullet  teeth. 

No.  11.  Half-round  file  :  nicking  and  piercing 
files;  cabinet  floats  and  rasps;  all  usually  taper. 
Sotcitcl-off  files  for  rounding  or  pointing  the  teeth  of 
wheels.  These  files  have  a  pivot  at  the  end  opposite 
the  tang. 

No.  12.  Cross  files  and  double  half-rounds. 

No.  13.  Oval  files ;  oviJ  gulleting  files  for  large 
saws.     Oval-dial  file  when  small. 

No.  14.  Balance-wheel  or  swing-wheel  files,  the  con- 
vex side  cut,  the  angular  sides  safe. 

No.  15.  Swaged  files  for  finishing  brass  mouldmgs. 

No.  10.  Sur  John  Robison's  curvilinear  file.  Tlie 
inventor  states  that,  having  found  a  diflicidty  in  filing 
hollow  surfaces,  in  consequence  of  the  scratches  w  hich 
the  irregular  cutting  of  even  the  best  half-round  or 
round  files  leave  in  the  work,  it  became  a  question 
whether  the  teeth  of  these  files  could  not  be  made  as 
perfect  as  in  flat  files,  by  cutting  flat  strips  of  roUed 
steel  plate  on  one  side,  and  then  squeezing  tliem  into 
the  desired  cui've  by  a  screw-press  and  a  block-iiu 
or  type-metal  swage,  and,  in  the  case  of  a  round  file, 
by  pressing  the  plate  round  a  cylindrical  mandrel.  In 
testing  this  proposal,  Messrs.  Johnson  and  Cammel 
took  a  thin  equalling  file,  cut  on  both  faces,  such  as 
No.  3  or  4,  softened  and  bent  it  aud  then  re-hardened 
it,  thereby  producing  a  file  with  a  convex^  and  a  con- 
cave surface,  as  in  No.  16.  "With  a  plate  of  equ.d 
thickness  the  central  pai-t  was  found  to  bend  more 
easily  than  the  edges,  thus  making  the  cur\e  irre- 
gular; but  by  making  the  blank  thinner  and  moie  1 
flexible  at  the  edges,  the  bending  was  successful  and  I 
the  section  became  truly  circular.  These  curved  files 
are  now  regularly  manufactui-ed. 

No.  17.  Triangular,  thi-ee-squarc,  saw  files,  and 
rubbers  cut  on  all  the  sides. 

No.  18.  Cant  file  used  for  filing   the   insides  of  ] 


spanners  for  hexagonal  aud  octagonal  nuts,  or  sis  or 
eight  canted  bolts  aud  nuts,  as  they  are  called. 

No.  19.  When  parallel,  fat  dovetail,  banlcing  and 
■watch-pinion  files ;  when  taper,  knife-edge  files.  When 
the  wide  edge  is  round  and  safe,  moulding  files  and 
clock-pinion  files. 

No.  20.  Screw-head  files,  feather-edged  files,  clock 
and  watch-slitting  files. 
j      No.  21.  Used  in  finishing  small  grooves  and  key- 
I  ways :  it  is  also  named  a  valve  file  from  one  of  its 

applications. 
j      No.  22.  A  compound  of  the  triangular  and  half- 
round   file :   similar  files  are  sometimes  made  with 
three  rounded  f.i  ■;  ~, 

No.  23.  Duu:,  ,  i;:.s,  used  by  cutlers, 

guu-makers,  ^u !  I  liles  are  similar  in 

their  applicatinu  i  >  '\w  ,h  i')'..  >aws  used  for  cuttmg 
i  the  teeth  of  racks  aud  combs.  [See  CoiiB,  Fig.  599, 
page  419.] 

No.  24.  Double  fde  formed  by  fixiug  two  flat  files 
together  in  a  wooden  stock,  and  used  for  filing  black- 
lead  pencils  to  a  fine  conical  point.  It  was  invented 
by  Mr.  Cooper  under  the  name  of  the  "  Styloxynon." 

In  the  manufacture  of  files,  the  steel  must  be  of 
good  quality  and  highly  converted ;  for  if  too  soft  or 
unequal  in  texture,  the  file  itself  would  soon  be  worn 
down  instead  of  the  surface  upon  which  it  is  intended 
to  operate ;  it,  on  the  contrary,  it  be  too  hard,  the 
teeth  iMi  .111'  ii;i:',i  aud  chip  off  at  every  stroke. 
Siiii:!,  lu'd  square  from  the  bars  of 

blistr:,.;  .  :  .  1  :.  \..\'  Iruve  the  converting  furnace- 
smallci  hies  i,iL  iuigtJ  from  bars  or  rods  of  various 
shapes  and  sizes,  tilted  or  rolled  as  nearly  as  possible 
to  the  sections  requn-ed.  Files  of  the  best  quality 
are  made  from  cast  steel.  The  iron  bearing  the  mark 
CCND  makes  excellent  steel  for  files;  but  the  finest 
clock  and  watch-makers'  files  are  made  from  the  hoop 
L  or  Dannemora  iron. 

In  forging  files  coke  is  used  as  the  fuel.  The 
general  arrangements  for  forging  are  sunilar  to  those 
described  in  the  article  Cutleky,  p.  4S0.  The  man 
called  the  striker,  is  furnished  with  a  1  irge  doulile- 
haude-J  1    ..>l.  ,  l..r..l  .....    *     .1      ri.d,  but 


iLlUldbith. 

'■nhat  corneal  m  shape,  1 


formiuj^  the  f  icc  Tiiiee  square  ind  half  louiid  files 
<iie  foiged  m  grooved  bosses  or  dies  iLxed  m  the  anvil 
The  lod  of  steel  being  raised  to  the  proper  heat, 
\\hich  ought  not  to  exceed  i  blood  red,  the  end  is 
h  imnieied  until  it  fills  the  die  the  makei  holds  the 
die  and  strikes  -nith  the  small  hiinmcr,  the  striLci 
standing  befoie  the  amil  deals  poneiful  blows  ou  the 
heated  metal,  the  flat  faces  of  the  hammers  eo\eiiug 
a  considciablo  poition  of  the  suifaoe  ot  the  blank 
hie  at  each  stioke,  expanding  and  levellmg  it  at  one 
opcialion  Wlien  the  blank  has  been  foiged  to  the 
piopei  length,  the  tang  is  also  dia\vii  out  by  cutting 
into  the  bhiik  a  little  f  u  botli  sidib  with  a  chisj  o 
as  tofoim  in  n    1  1    ii        )         1    i        i 


Uk  mik  1 

sxiagc  bhiik  1  1  tilt  and«;c|uii,  11  aie  I  uuul  b^ 
hammeimg  The  maker  accustoms  hii  isclf,  as  uiucl 
as  possible,  to  the  foigiug  of  one  deseuption  of  fili 
in  Older  that  by  the  concentration  of  his  skill  and 
ittenliou  ou  one  article  ne  may  attain  peifcction  m 
its  manufacture 

'Ihe  foiged  bl  inks  are  caiefully  annealed  oi  hghled, 
111  ouki  to  make  the  metal  soft  enough  foi  cutting 
the  teeth  Blanks  foi  common  files  are  softened  m 
an  oidunry  annealing  o\en,  but  the  best  blanks  aie 
piotectcd  iiom  the  action  of  the  aur  by  being  buncd 
111  sand  contained  m  an  uon  box  this  is  slowly 
laised  to  the  piopei  heat,  which,  as  m  the  foigmg, 
ought  not  to  exceed  a  blood  led 

The  surfaces  of  the  blanks  aie  ii     t  mi  1       eni  ite 
111  form  and  clean  m  surf  ice  by   / 
The  former  process  consists  in  si  i 
of  tlie  blank  with  a  haid  file  In  i 
lengthways  this  is  the  method  1 1  p  \ 

\iheie  most  of  the  files  maiiuf  leti  I 

Sheffield,  all  the  blanks  above 
lie  giound  ou  laige  giindstoncs         '  y    ii 

tious  method  In  a  ten  cases,  as  ni  (/  '  J 2^  u  ill  I  hli  s, 
flie  blanks  aie  planed  m  the  phnuig  raachmc  The 
blanks  are  slightly  gieased  piepaiatory  to  being  cut 

A  few  >eais  ago  the  Tditor  witnessed  the  opeiation 
ot  lile  cutting  at  the  establishment  ol  Jlcs  is  Hciul 
shaw  SteNCusou  uid  Co  ot  bin  lb  Id  wholii\e  le 
c  niK  1    luuli   dim    ufi  I  f  ,  n  ik,     \    Idi       I   i   tli 


ti\el^   the  teeth  ot  a  line  hit 

with  tlieur  beauty  aud  regidanty ,  but  how  gieatlj  is 


of  low  stone  benches  foi  the  am  lis,  and  seits  fur  the 
woikuieu  The  haniURrs  wu^li  f.  in  one  to  six 
pounds  e  I  Ii  u   i     i     i'        /  llu  hie     they 


r  admuation 
teeth  aie  cut  singly  vii  'i 
Moikman  having  u) 
toueli  and  piecision  c  t 
upon  the  foimei  sense  Ih 
room  IS  a  long  nanow     q 
wuulows  in  fiont,  opposite 


-d  when  we  know  tint  these 


to  allow  the  miss  of  met  d  to  be  pulled 
woikman  wliilc  making  the  blow  Ihc  chisels  aie 
foimed  of  good  tough  steel,  and  also  \aiy  with  the 
size  of  the  hie  they  aie  somewhat  bioadei  than  the 
file  to  be  cut,  and  aie  sharpened  to  the  piopei  angle 
they  aie  only  just  long  euougli  to  be  held  between 
the  fingeis  md  thumb  somewlnt  as  a  pen  is  held, 
oiilv  m  the  left  hand,  the  hollow  of  the  li  lud  liemg 


I  irh  ei  -let  the  111  ' 
workman  in  the  unii 

of  the  hammei  the    I  ■'' 

the  blows  foUow  ci  li      >  '   "- 

^vorkman  aftei  c\ci\  Ujw     1\  '  ' 

■waul  by  so  sbght  a  mo\emeni  1    ' 

reptible  The  chisel  foims  "■ 
giooves  parallel  to  each  othei,  thb  I  il  i  ^  1  n  i  I 
bj  the  metal  left  between  eveiy  two  ^luoves      ihe 

skdlid  woikman  adjusts  the  weight  ot  his  blow  to 

the  kind  ot  met4  he  is  opciatm^  wy  u  and  e\cn  in 

11)          I     Ide,  if  one  put  be      1         '  '    '    I'e 
\\    weight  of  his  blow 

I    h    ^ladually  shifts  the  ill    I  '  "i ' 

hib   tie  id   upon   the   sti  ij  s      AUieii   ( ui    suitiie    is 
iigle  outs,  he  piocecds,  ir 


files,  to  add  a  second  i( 
the  flist  at  a  ceitai 
chisel  lequiies  to  1 


foftei*' 


;  tliem  en 


the 
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used  iu  cutting  triangular  aud  lialf-round  files.  Rasps, 
as  already  noticed,  are  cut  with  a  triaugular  puucli 
instead  of  a  chisel,  every  ucw  tooth  being  placed 
opposite  a  vacant  space  in  the  adjoining  row  of  teeth. 
The  curved  surfaces  of  files  show  in  a  remarkable 
way  the  skill  of  the  file-cutter :  m  them  the  teeth  are 
formed  with  straight- edged  chisels,  many  rows  of 
short  cuts  being  made  from  the  top  to  the  bottom  of 
the  file,  and  these  cuts  uniting  together  at  their  ex- 
tremities thus  form  a  complete  series  of  lines,  passing 
completely  round  the  cylinder  or  half-cylinder  as  the 
case  may  be.  In  fine  round  fUes,  as  many  as  from 
ten  to  twenty  rows  of  cuts  are  requu:ed  to  cover  the 
surface  with  teeth ;  aud  when  it  is  considered  that 
there  may  be  upwards  of  a  hundred  teeth  within  the 
space  of  au  inch,  some  idea  may  be  formed  of  the 
many  thousand  blows  required  to  raise  the  teeth  on 
a  fine  file.  In  double-cut  files,  when  one  row  of 
teeth  is  completed,  a  fine  file  is  run  slightly  over 
them,  and  the  surface  is  greased  to  moderate  the 
roughness  before  commencing  the  second  row."  In 
some  of  the  double-cut  gullet-tooth  saw-files,  Section 
10,  as  many  as  23  courses  are  sometimes  used  for  the 
convex  face,  and  only  2  com-ses  for  the  flat  one.  The 
half-round  and  round  files  are  usually  cut  by  appren- 
tice boys,  the  narrow  cuts  being  less  difficult  than  the 
broad  ones.  It  might  be  supposed  that  all  this  labour 
might  be  saved  by  using  chisels  curved  to  the  proper 
section,  instead  of  straight  ones ;  this  plan  has  been 
tried  and  found  to  be  quite  impracticable. 

The  chisel  used  in  cutting  large  rough  Sheffield 
files  is  shown  iu  Kg.  908.  Its  length  is  about  3 
inches,  the  width  2j  inches,  and  the  angle  of  the 
edge  about   50  degrees.     The  edge  is  straight,  but 


a  vertical  inclination  of  about  12^  to  14°  from  the  per- 
pendicular, as  represented  in  Figs.  909,  911,  suppos- 
ing the  tang  of  the  file  to  be  on  the  left-hand  side. 
The  blow  of  the  hammer  upon  the  chisel  causes  the 
latter  to  indent  and  sliglitly  to  drive  forward  the 
steel,  thereby  throwing  up  a  trilling  ridge  or  burr ; 
the  chisel  is  immediately  replaced  on  the  blank  and 


one  bevil  is  a  little  more  inclined  than  the  other :  the 
edge  is  roimdcd  ofl'  in  order  to  indent  rather  than  cut 
the  steel.  The  hammer  vised  with  this  chisel  weighs 
about  7  or  Slbs,  IV  '.-,',  i~  n.  rliiscl  used  for 
cutting  the  sm;dl  -:  !.  •■  tiles:  it  is  3 

mches  long  aud  4  in*  :.  :.!id  sharpened 

at  about  the  an-li;  <  i   :;  i  I'r.  >-    ;  tlio  edge  is  also 
slightly  rounded  :  it  is  us,  J  with  a  hiuiimer  weighing 
.e  to  two  ounces.    The  largest  files  are  cut  by  men : 
the  smallest  by  women  and  girls. 

Mr.  Hiilt?  ij'il'!  (!f-(-iiH'-  fix  operation  of  cutfiiic- 
u  the  full..      ,     -,  The  first  cut  is  made  :• 

the  point,  '      :  ;'      ,  lij^cl  is  held  iu  the  I.': 

hand  at  a  n-.i.  -,  .;  ;aivv  of  about  55°  with  lh- 
central  line  of  l!io  til-,  ,r5  at  a  a.  Fig.  910,  and  willi 


slid  from  the  operator,  until  it  encounters  the  ridge 
previously  thrown  up,  which  arrests  the  chisel  or 
prevents  it  from  slipping  fui-ther  back,  and  thereby 
determines  the  succeeding  position  of  the  chisel. 
The  heavier  the  blow,  the  greater  the  ridge,  and  the 
greater  the  distance  from  the  preceding  cut  at  which 
the  chisel  is  arrested.  The  chisel  having  been  placed 
in  its  second  position,  is  again  struck  with  tlie  hammer, 
which  is  made  to  give  the  blows  as  nearly  as  possible 
of  uniform  strength ;  and  the  process  is  repeated  with 
considerable  rapidity  and  regularity,  60  to  SO  cuts 
being  made  in  one  minute,  until  the  entire  length  of 
the  file  has  been  cut  with  inclined,  parallel,  and  equi- 
distant ridges,  which  are  collectively  denominated  the 
Jirst  course.  So  far  as  this  one  face  is  concerned,  the 
file,  if  intended  to  be  suigle-cut,  would  be  then  ready 
for  hardening,  and  when  greatly  ciJarged  its  section 
would  be  somewhat  as  in  Fig.  911."  Most  files, 
however,  are  double-cut ;  that  is,  they  have  two  series 
or  courses  of  chisel-cuts.  In  cutting  the  second 
course,  the  chisel  is  inclined  verticaUy  as  before,  at 
about  12°,  but  only  a  few  degrees  horizontally,  or 
about  5°  to  10°  from  the  rectangle,  as  at  b  b,  Fig.  910. 

The  blows  are  now  given  a  little  less  strongly,  so 

I  barely  to  penetrate  to  the  bottom  of  the  first  cuts, 
and  from  the  blows  being  lighter  they  throw  up 
smaller  burrs,  consequently  the  second  course  of  cuts 
newhat  finer  than  the  first.  The  two  series,  or 
courses,  fill  the  surface  of  the  file  with  teeth  which 
:  inclined  towards  the  point  of  tlie  fiic,  and  wlieu 
;hly  magnilied,  much  resemble  in  character  the 
points  of  cutting  tools  generally,  as  seen  in  Fig.  911 ; 
for  the  burrs  which  are  thrown  up  and  constitute 
the  tops  of  the  teeth  arc  slightly  inclined  above  the 
general  outline  of  the  file,  minute  parts  of  the  origina» 
;irl''rT  iif  \\\\\p\\  still  remain  nearly  in  their  first 

-r  T  i;.i'r  files  require  the  teeth  to  be  sonic 

1:1  :     .  aids  the  point,  to  avoid  the  risk  of  the 

:  li.i,  I  .  iiu  wiakencd  or  broken  in  the  act  of  its 
icing  cut,  which  might  occui-  if  as  much  force  were 


jised  in  cuUiiig  the  tectli  at  tlie  poiut  of  (ho  Hie,  as 

ill  those  at  its  central  and  stronger  part." 

The  punch  used  in  cutLuig  the  teeth  of  rasps  is 

shown   in  Fig.  913.     As 

,  "^    seen  in  front,  the  two  sides 

/     /     of  the  point  meet  at  an 

"       ■'     angle  of  abontCO'':  seen 

in  profile  the  edge  forms 

an  angle  of  about  50°  the 

one  face  being  but  slightly 

inclined  to  the  body  of  the 

tool.   Punches  vary  in  size 

with  the  size  of  the  msp. 

ThepunchiubciM-u-ra 

is  sloped  from  thtM.j'c  nlir 

more  than  the  ehi-rl  is  in 

cutting  files.    Bycoii-t;uil, 

praoticetl\c  workman  liojis 

the   punch 


■ith   I 


?at   1 


of  woollen  cl":'i  '  ■  i-n  ■..  ui  r  ;' 
with  the  :.n\il.  'ilic  (iirtvllpii 
according  to  the  piu-pose  for  m 
tended.    Thus,  caliinet  rasps,  wo< 


quii'cd  being  to  make  every  tooth  occupy  ,i  i 
intermediate  between  the  two  above  it;  li^- 
tlie  teeth  foUowed  each  other  in  right  liin-,   i'    ;, 
would  plough  up  the  work  and  not  reduce  and  .•■ir.oi  !  !i 
its  surface. 

The  fdes  and  rasps  are  next  hardened  before  tlu  y 
are  fit  for  use.  Some  descriptions,  however,  siirli  is 
arc  used  upon  wood,  ivory,  and  otlier  soft  suii- 1  '  -, 
are  not  hardened;  such  files  admit  of  being  sb'; 
up  with  a  hand  file.  Some  of  the  curved  \\\'  ^  .  i 
by  sculptors  and  die-siuker.s,  are  made  of  iron  and 
case-hardened. 

Before  being  hardened,  the  files  are  drawn  through 
beer-grounds,  yeast,  or  other  adhesive  fluid,  and  then 
through  common  salt  mixed  with  roasted  and  pounded 
cow's  hoof;  the  objects  of  whicli  are,  to  protect  the 
teeth  from  the  direct  action  of  the  fire  and  the  oxy- 
dizing  influence  of  the  air;  to  afi'ord  an  index  of 
temperature,  tlie  fusion  of  the  salt  showing  wlicu  tlie 
hardening  heat  is  attained;  and  to  lessen  the  tendency 
of  the  files  to  crack  on  being  immersed  in  water. 

The  files  in  the  process  of  cutting  become  slightly 


rved,  and  it  is 


the  hardening  is  completed.     Some  forms  of  file  a 
apt  to  become  curved  in  the  act  of  hiinhniiig  ;  sue 
for  example,  as  the  half-round  lii' ,  v.        i        ni;: 
becomes  hollow  or  bowed  on  the  . 
to   produce   a   straight  file   it   i-  :        .     '       ' 

while  soft,  in  the  reverse  direcii'   '.      M-  i      I   I 
other  forms  of  file  are  gradually  heated  to  a  dull  re 
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and  then  straighfenod  by  striking  tliciu  witli  a  leaden 
hainnier  upon  an  auvil  of  the  same  material.  A 
warped  file  is  also  ui  some  cases  straightened  by 
Ijcing  inserted  between  a  couple  of  iron  bars,  fixed 
parallel  a  short  distance  apart,  and  then  pressed  in  an 
opposite  direction  to  tlic  bend  intended  to  be  cor- 
rected. After  tlic  straightening,  the  file  is  placed  ia 
the  fire  again  and  heated  until  the  salt  fuses  upon  its 
■ed  from  the 


it  is  held  by  the  tans  with  a  pair  of  tongs, 
1  scd  quickly  or  slowlyrvcrl  ic;.lly  or  obliquely, 


to  re-heat  the  files,  for  wliieli  ]:"  -  .  i'  .  n  "  I  net 
be   placed  in  tlie  forge-fire,  m  '  '  iM  he 

injured  now  that  the  sincarii;e   (  ;    ■  I  il"; 

they  are  therefore  held  over  :i  r'  ,  .  i  i  '  ■  i  i  on 

a  heated  iron  bar  or  over  a   li  !  !'      '  .  :'iid 

when  straightened  are  qucnc]iri     i  itlie 

teeth  from  becoming  rusty.  All  i  p;r  i.u  '  iiiiig, 
the  tang  is  tempered  by  immcrshig  it  in  molten  lead, 
for  if  the  tang  were  left  as  hard  as  the  file,  it  woidd 
be  liable  to  snap  off  dm-ing  use. 

The  files  are  next  scoured  with  scrubbing  brushes 
dipped  into  sand  and  water  or  coke  dust  and  water; 
they  are  next  put  into  lime-water,  and  left  for  some 
liours  in  order  to  get  rid  of  every  partielc  of  salt. 
They  are  then  thoroughly  dric.l  i'  '  >  i.e,  inblied 
over  with  olive  oil  eontaimn'.,'  a  i  and 

are  now  considered  as  fiiiisln  i  I  i  '  '  Uhl; 
them  for  sale,  the  foreman  tests  :  \i-r.  :]{•■  \,\  :ii!.iiig 
it  against    a  piece  of  steel,   which   is   also    rubbed 
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against  the  teeth ;  and  tlie  quaKty  and  hardness  of 
the  file,  and  the  regularity  of  the  teeth  are  judged  of 
by  tlie  vibratory  sensations  thus  coinmuuicafed  to 
the  hand.  Imperfect  files  called  wasters  are  sorted 
out  and  sold  by  the  pound  weight ;  the  perfect  files 
are  \vrapped  up  separately  in  papers,  and  made  up 
into  dozens. 

The  cutting  of  files  by  maeliinery  has  engaged  the 
attention  of  many  mechanical  inventors.  In  the 
second  volume  of  the  Transactions  of  the  American 
Philosophical  Society,  a  file-cutting  machine  is  de- 
scribed, in  which  the  file  is  fixed  on  a  bed  of  lead, 
and  a  chisel  fised  at  the  end  of  a  lever  is  struck  down 
with  a  hammer.  This  lever  rises  again  of  itself  by 
means  of  a  spring,  and  during  its  rise  it  moves  a 
ratchet-wheel  connected  with  the  support  of  the  bed, 
wliicli  is  thus  shifted  together  with  the  file  after  every 
stroke.  In  noticing  this  machine,  Mr.  Nicholson 
offers  some  very  sensible  observations,  which  mecha- 
nical inventors  woiild  do  well  to  study ;  and,  as  they 
are  as  applicable  now  as  ia  the  year  1798,  when  they 
were  written,  we  venture  to  quote  them  here.  He 
says : — "  We  will  suppose  a  very  acute  theorist,  who 
is  not  himself  a  workman,  nor  iu  the  habit  of  super- 
intending the  practical  execution  of  machinery,  to 
have  conceived  tie  notion  of  some  new  combination 
of  the  mechanical  powers,  to  produce  a  determinate 
effect,  and,  for  the  sake  of  perspicuity,  let  us  take  the 
example  of  a  machine  to  cut  files.  His  first  concep- 
tion will  be  very  simple  or  abstracted.  He  knows 
that  the  notches  iu  a  file  are  cut  with  a  chisel  driven 
by  the  blow  of  a  hammer,  by  a  man  whose  hands  are 
employed  in  applying  those  instruments,  while  his  foot 
is  exerted  in  holding  the  file  on  an  anvil  by  means  of 
a  strap.  Hence  he  concludes  that  it  mus.t  bo  a  vciy 
easy  operation  to  fix  the  chisel  in  a  machine,  and 
cause  it  to  rise  and  fall  by  a  lever,  while  a  tilting- 
hammcr,  of  the  proper  size  and  figure,  gives  the  blow. 
But,  as  his  attention  becomes  fixed,  other  demands 
arise,  and  the  subject  expands  before  him.  The  file 
must  be  supported  upon  a  bed,  or  mass  of  ii-on,  of 
wood,  of  lead,  or  other  material:  it  must  be  fixed 
either  by  screws,  or  wedges,  or  weights,  or  some  other 
effectual  and  ready  contrivance ;  and  the  file  itself,  or 
else  the  chisel,  with  its  apparatus  for  striking,  must 
be  moved  through  equal  determinate  spaces  dui'ing 
the  interval  between  stroke  and  stroke,  which  may  be 
done  either  by  a  ratchet-wheel,  or  other  escapement, 
or  by  a  screw.  He  must  examine  all  these  objects 
and  liis  stock  of  means  in  detail;  fix  upon  such 
methods  as  he  conceives  to  be  most  desei-ving  of  pre- 
ference ;  combine,  organize,  and  arrange  the  whole  in 
his  mind,  for  which  purpose  solitude,  darkness,  and 
no  small  degree  of  mental  effort  will  be  required ;  and 
when  this  process  is  considerably  advanced,  he  must 
have  recourse  to  his  drawing-board.  Measured  plans 
and  sections  wiH  then  show  many  tilings  which  his 
imagination  before  disregarded.  New  arrangements 
to  be  made,  and  unforeseen  difliculties  to  be  over- 
come, will  infallibly  present  themselves.  The  first 
conception,  or  what  the  world  calls  the  invention, 
required  an  infinitely  small  portion  of  the  ability  he 


must  now  exert.  We  will  suppose,  however,  that  he 
has  completed  his  dra^vings :  still  he  possesses  the 
form  of  a  machine  only ;  but  whether  it  shall  answer 
his  purpose  depends  on  his  knowled(^fi  of  his  materials. 
Stone,  wood,  brass,  lead,  iron,  forged  or  ciist,  and 
steel  i)\  all  its  various  modifications,  are  before  him. 
The  general  processes  of  the  workshop,  by  which  firm- 
ness, tmth,  and  accuracy  are  alone  to  be  obtained, 
and  those  methods  of  treatment,  chemical  as  well  as 
aieohanical,  which  the  several  articles  demand, — these, 
and  numberless  other  practical  objects,  call  for  that 
skill  and  attention  which  may  either  lead  to  success, 
or,  by  their  deficiency,  expose  him  to  the  ignorance 
or  obstinacy  of  his  workmen.  If  he  should  find  his 
powers  deficient  under  a  prospect  so  arduous  ;  if  he 
cannot  submit  to  the  severe  discipline  of  seeing  his 
plans  reversed,  and  his  hopes  repeatedly  deferred;  if 
unsuccessful  experiment  should  produce  anguish  with- 
out affording  instruction, — what  will  then  remain  for 
him  to  do  ?  Will  he  embitter  his  life  by  directing 
his  incessant  efforts,  his  powers,  and  resoui-ces,  to  a 
fascinatuig  object,  in  which  his  difficulties  daily  in- 
crease ?  or  will  he  make  that  strong  exertion  of  can- 
dour and  fortitude  which  will  lead  him  to  abandon  it 
at  once?'" 

One  of  the  earliest,  if  not  the  earliest,  file-cutting 
machine  is  described  in  Tliiout's  "  Traits  de  I'Horo- 
logie."  Paris.  17-10.  In  this  machine  the  file  is 
attached  to  a  screw-slide,  suspended  at  the  end  by 
pivots,  and  covered  with  a  thin  pl;ite  of  tin.  The  slide 
rests  upon  a  stationary  anvU,  and  is  worked  by  a  guide- 
screw  which  is  moved  at  intervals  the  space  from 
tooth  to  tooth  by  means  of  a  pin-wheel.  The  chisel 
is  held  by  a  jointed  arm,  beneath  which  is  a  spring  to 
throw  up  the  chisel  from  off  the  file  the  moment  after 
a  drop-hammer,' also  fixed  on  a  joint,  has  indented 
the  tooth.  The  machine  is  worked  by  a  winch-handle, 
at  every  revolution  of  which  the  motions  of  the  slide 
and  hammer  are  repeated  at  proper  intervals.  It  does 
not  appear  whether  this  machine  was  brought  into 
practice;  but  towards  the  end  of  the  last  century 
another  Prenchman  named  Raonl  produced  files  by  a 
machine,  the  details  of  which  have  not  been  published. 
A  committee  of  the  Lycee  des  Arts,  appointed  to 
inquire  into  the  merits  of  Raonl's  files,  reported  them 
to  be  equal,  and  even  superior,  to  the  best  English 
files.  In  1S36,  Captain  Ericsson  obtamed  a  patent  for 
file-cutting  machines,  which  were  constructed  by 
Messrs.  Braithwaites  of  London,  and  worked  by 
Messrs.  Turton  and  Sons  of  Sheffield.  Mr.  Holtzapffel 
says  that  "  the  details  of  these  machines  display  great 
ingenuity  and  skiU,  especially  in  the  arrangement  for 
holding  the  blanks  and  the  chisels,  and  also  in  the 
introduction  of  templets  and  other  mechanism,  by 
which,  in  cutting  taper  files,  the  hammer  is  less  raised 
in  cutting  the  ends  of  the  file  than  at  the  middle,  so 
as  to  proportion  the  force  of  the  blow  to  the  width 
and  depth  of  the  cut  at  different  parts  of  the  file 
Two  machines  were  used  for  double-cut  files,  the 
bed  of  the  one  iucUned  to  the  right,  of  the  other  to 
the  left,  to  give  the  different  horizontal  inclinations 
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proper  to  these  teeth ;  and  a  raachiue  with  a  straight 
bed  was  used  for  single-cut  floats  and  for  round  and 
lialf-rouud  files.  Considerable  difficulty  was  at  first 
experienced  in  the  management  of  the  chisels,  which 
were  then  very  frequently  broken;  but  with  more 
dexterous  mauagement  it  is  ultimately  considered 
that  the  chisels  last  for  a  longer  time  in  the  machines 
tliau  when  used  by  hand.  The  machines  make  about 
210  strokes  in  the  miuute,  or  three  times  as  many  as 
the  file-cutter,  with  the  advantage  of  nearly  mcessaut 
action,  as,  uulike  the  arm  of  the  workman,  the  ma- 
chines are  unconscious  of  fatigue ;  moreover,  to  save 
the  delay  of  adjustment,  two  beds  for  the  files  are 
employed,  so  that  the  one  may  he  (illi-l  wliil-t  tin- 
blanks  in  the  other  are  being  cul,  .'  !  '  *  I'-i- 
the  chisels  are  also  alternately  usril  I  ,,  ;  ,  r 
points  into  account,  p.ielniiachiiir  i  •'•  i!- 
proprietors  nearly  to  ac.<i;ii'.;  !i  ■  ■  ;; 
but  there  are  various  li;  ,  i  •  ■'  ,•  ,  ,^vr  ,  n,„|,.r 
ordinary  eireumstauPi-^,  i;- 
tage  iu  the  maehiuu  umt  inr  Inihl  i.-,..  ,  i,.i,„ 
which  considerations  the  patent  lile-cultiug  machines 
are  not  at  present  used."  ' 

There  is,  however,  one  circumstauce  which  will 
probably  he  most  influential  in  overcoming  all  difli- 
cultics  in  the  working  of  the  flle-cutting  machine, 
and  that  is  the  rash  and  inconsiderate  conduct  of 
many  of  the  flle-cutters  themselves.  Wlien  the 
Editor  was  at  Sliefliehl,  he  heard  complaints  from 
various  quarters  against  the  file-cutters;  it  was 
stated,  that  they  were  accustomed  to  draw  money  in 
advance,  and  spend  it  long  before  it  was  earned,  in 
idleness  and  dissipation ;  that  if  the  master  refused 
to  leud  it,  Ids  name  was  "  posted,"  and  the  men  re- 
fused to  work  for  him ;  that  the  file-cutters  would 
work  two,  three,  four,  or  five  days  in  the  week,  and 
for  as  many  hours  in  the  day  as  suited  their  purpose, 
although  the  employer  might  be  anxious  to  get 
an  order  executed;  that  if  the  masters  attempted 
to  coerce  the  men,  violence  was  used,  and  in  one 
establishment,  gunpowder  was  introduced  and  fired 
by  night,  with  a  view  to  damage  the  property  of  the 
employer.  Such  statements  as  these  are  pabiful  to 
hear,  and  still  more  painful  to  repeat ;  but  he  is  the 
best  friend  of  the  operative  who  condemns  such 
folly  iu  the  strongest  terms,  and  points  out  to 
him  its  consequences,  sooner  or  later  inevitable. 
The  shallow  reasoning  of  the  mob  orator  may  per- 
suade the  file-cutters  of  Sheffield  that  files  can  only 
be  cut  at  Sheffield,  that  they  cannot  be  cut  by  ma- 
chinery, and  that  the  masters  are  tyrants  who  must 
be  coerced.  Now,  there  is  no  substantial  objection 
why  the  file  trade  may  not  be  removed  from  Sheffield, 
and  files  be  cut  by  marli'i.-iv.  Tt  i  ';  •-■  f:  ,'  ''  rt'- 
ficld  has  the  converlinv;  1 ri.     '"■ a 

that  this  eamiot  beurged  as  a  very  pnwcvfiil  ■': ;  i  i 
As  to  the  conduct  of  the  masters,  it  is  vri\  , 


that  they  do  not  always  act  with  temper  and  discretion 
any  more  than  the  men :  the  masters  seek  their  own 
interest  in  employing  file-cutters;  the  file-cutter3 
serve  theirs  in  bemg  employed.  It  is  certain  that 
the  interest  of  the  men  depends  upon  that  of  their 
employers.  It  is  not  so  certain  that  in  this  particular 
instance  the  interest  of  the  masters  depends  upon 
the  skill,  steadiness,  and  obedience  of  the  men ;  for 
if  the  men  arc  wanting  in  these  necessary  qualities, 
capital  will  always  find  out  and  reward  ingenious 
persons,  whose  inventions  wiU  sooner  or  later  super- 
sede skilled  labour.  The  men  may  oppose  the  intro- 
duction of  machinery,  but  their  ojiposition  will  be 
feeble ;  the  strong  arm  of  the  law  will  put  down  the 
one  and  protect  the  other,  and  file-cutting  will  then 
cease  to  be  a  manual  operation.  Should  these  few 
remarks  (written  by  no  imfriendly  hand)  fall  under 
the  notice  of  one  of  the  Sheffield  operatives,  whose 
skill  we  both  admire  and  respect,  he  is  invited  to 
receive  them  iu  the  same  spirit  with  which  they  are 
here  offered. 

A  file-cutting  machine  was  exhibited  in  the  Russian 
depai-tment  of  the  Great  Exhibition.  The  display  of 
hand-cut  files  in  Class '""'  "  "  ~ 
ment  was  a  splendid  ' 
exhibited  by Ausfvi^i,  ■  /  '  i  ,  :  i!  France,  were 
also  very  eonspicuo II  i  Mr  art  receives 

great  attention  abma.!  In  \\i,-  Dmisli  department 
was  a  series  of  files  manufactured  of  cast-steel  by 
J.  W.  iS'aylor,  of  Copenhagen.  The  largest  file  (which 
was  square,  of  Section  No.  1)  was  covered  with  a 
series  of  file-cutters'  cuts  representing  on  one  face 
the  city  of  Copenhagen,  on  another  face  the  operations 
of  the  forge  and  of  fde-cutting,  &c.  These  efl'ects 
were  entirely  produced  by  the  file-cutter's  chisel;  the 
effect  of  colour  and  shading  being  given  by  the  various 
angles  of  the  teeth  reflecting  the  light  at  dill'creut 
degrees  of  obliquity.  The  teeth  of  a  large  circular 
file  were  cut  so  as  to  represent,  iu  a  spiral  going 
several  times  round  the  file,  the  maker's  name,  the 
date,  wreaths  of  flowers,  &c.  This  file  was  hollow, 
and  contained  witliiu  it  a  second  hoUow  file,  which 
in  its  turn  contamed  ten  others,  all  ornamented  with 
wreaths,  &c.  The  smallest  file  was  not  larger  than  a 
small  needle.  The  Editor  carefully  examined  all  these 
files,  and  could  not  but  admire  the  skill,  dexterity, 
and  even  taste  of  the  workman,  showing  also,  as  they 
did,  the  just  and  honest  pride  which  he  took  in  his 

FILLIGREE,  a  style  of  delicate  wire-work,  used 
for  ornamenting  gold  and  silver,  introduced  by  the 
who  call  it  fiUyraua,  a  word  compounded  of 


fdit'M  a  thread  or  wire,  and  ffnonnn  a 
this  is  in  allusion  to  the  early  i>i,.ri  j.  ■ 
the  wire-work  ^vith  small  bead-  'A 
piu-pose  is  seldom  drawn  rount  ' 
The  display  of  liliigree  worlc  n,;;.  ( 


iil.lLl;,— liLlK 
ibuudaut  supply  of  | 


•acy  of  workmansliip  and 
r  exliibitors  were   from 
thlands,  and  Malta. 
S-.     The  command  of  an 
iter  is  one  of  the  prime 


c+s 


FILTER— FILTRATION. 


s  of  life,  and  c;:e  of  the  most  important 
conditious  of  liealth.  Persons  who  reside  in  the 
country  can  in  general  select  their  own  source  of 
supply;  and  although  tlio  water  wIik  ii  tin  r,:;  :uine 
may  in  many  cases  be  hard  ii;        ;  ,  ■    :  ■'.  is 

generally  free  from  those   fin:  res 

which  affcjjt  the  sources  of  bui ;  Iv  :  .  iv. 

The  daily  consumiition  of  wattr  iu  t'n  ;  ; 
amounts  to  nearly  82  million  gallons,'  a  <  i 
portion  of  which  is  derived  from  the  TIkhiu  >,  ,.  ,.\,i- 
exposed  to  nnmerous  causes  of  coutaiuinatiou  iroia 
the  circumstance  of  its  bemg  the  recipient  of  the 
sewage  and  drainage  of  the  metropolis,  and  of  the 
refuse  of  gas-works  and  other  chemical  factories 
situated  on  its  banks.  The  enormous  traffic  on  its 
surface  further  adds  to  the  injury,  by  keeping  solid 
matters  in  a  state  of  suspension.  Even  some  of  tlic 
rural  districts  situated  up  the  stream,  being,  from 
their  proximity  to  the  metropolis,  abundantly  supplied 
with  manure,  increase  the  contamination,  by  dis- 
charging into  the  river  a  drainage-water  so  highly 
coloui-ed  with  soluble  organic  matters  as  to  impart  to 
the  river  in  times  of  flood  a  distinct  tinge,  known  as 
the/oof/  tiiiffe.     [See  AprENPiX.] 

Wliere  the  water  supply  of  a  populous  district  is  of 
bad  quality,  various  methods  are  adopted  for  purifying 
it,  either  by  the  company  which  supplies  it  or  by  the 
consumer,  the  operations  of  the  former  being,  of  course, 
on  a  vastly  greater  scale  than  those  of  the  latter.  The 
most  obvious  methods  of  purifying  water  are  by  allow- 
ing it  to  repose  in  large  reservoirs,  in  order  that  it  may 
deposit  its  solid  impurities  before  being  distributed  ;  or 
by  passing  it  througli  a  filter  or  strainer,  tin  ].,!-  ,,!" 
which  are  smaller  ill  diameter  than  the  diiuii 
smallest  of  the  solid  impurities  which  it  i- 
to  separate  from  the  water  by  thi^  mrtli    1 

although  (-1)'  .  •:  .■    .      ,,,,;.,•     ,  ■■>:■.   ,  :    .i        hlln' 

removing  organic  aud  saline  matter  from  solution, 
this  property  rapidly  declines,  and  is  therefore  not 
applicable  to  tlie  rapid  fill  ration  of  water  in  reservoirs. 


The  s; 


ark 


when  fresh  burnt,  h;i-  - 

odorizingcffeet,  Ijiit  II     I,  ■       i!  .,  v      , 

in  order  to  maintain  i'  .  ivII'm  i"-.  AImi.I  mr  1  .,] 
of  purifying  water  ou  the  larj;e  seale  is  strictly 
chemical,  and  consists  in  the  formation  of  an  iusoluUe 
precipitate  by  the  addition  of  alum  or  of  caustic  lime. 
To  discuss  these  and  other  metliods  of  purifying 
water  for  domestic  use  will  lead  us  into  various  details 


wliich  may  not  appear  to  belong  to  the  subject  of  this 
article ;  but  the  construction  of  filters  and  the  process 
of  filtration  are  intimately  connected  with  such  in- 
quiries as  the  following,  to  M'hicli  wc  are  about  to  invite 
the  reader's  attention : — 1.  What  is  the  original  source 
of  supply  of  river,  spring,  or  well  water  ?  what  is  the 
orif-in  of  its  impurities?  how  is  hard  water  distin- 
'  '  ■  1  if.l  from  soft  ?  2.  What  are  the  best  means  for 
;  I  .I'uiig  water  on  a  large  seale?  .3.  What  are  the 
..    I  methods  of  purifying  water  on  a  small  scale? 

1  iic  water  used  for  culinary,  domestic,  and  indus- 
trial purposes  is  exclusively  derived  from  the  rain 
wluch  falls  upon  the  earth,  whether  the  immediate 
source  of  the  supply  be  the  cisteni,  the  well,  the 
sprinn,  or  the  river.  Rain-water  is  usually  so  pure 
that  tlie  action  of  the  most  delicate  chemical  tests  is 
required  to  detect  any  foreign  substance  iu  it ;  so 
that,  if  our  cisterns  were  formed  of  proper  materials, 
and  the  rain  fell  directly  into  them  in  sufficient  quan- 
tity, no  better  water  could  be  desired.  Rut  as  the 
exposed  surface  of  our  cisterns  is  too  small  to  collect 
rain-water  in  any  quantity,  it  is  usual  to  discharge 
into  them,  by  means  of  gutters  and  shoots,  the  water 
wliich  falls  upon  the  roofs  of  houses ;  and,  as  these 
are  covered  with  dust,  insects,  and  other  impurities 
collected  during  dry  weatlu  r,  ilw  ]■■•'■<  '.  i-  i-  uf  our 
cisterns  is  thus  eontamiiiai.  .1     i    .  \  <.     Iu 

of  extensive  roofs  and  flats  \>.  ina.i^  Ij  jj.ilj  iluuiigh  a 
bed  of  porous  materials  on  its  way  to  the  cistern,  and 
thus  the  solid  impurities  are  strained  and  separated 
hrfnre  the  water  is  used  by  the  public.  Such  is  the 
ri  '    with  the  large  cistern  of  the  ducal  palace  at 

\;(lls  may  be  compared  with  cisterns;  hut  the 
I  J  minis  which  discharge  .rain-water  into  them  are 
not  formed  of  masonry,  brick,  or  metal,  but  of  the 
rocks  which  exist  immediately  beneath  the  surface. 
These  rocks  may  be  porous,  or  may  abound  in  minute 
fissures,  through  whieli  tlir  rain-water,  sinking  through 
the  soil,  finds  a  p:    -  i    I  '-     n-  divided  into  in- 

numerable  liquid   !'  Ives   and   carries 

along  with  it  a  jh.;  • :      <  :      '  r  soluble  matter  it 

HI  :v   nnr!    M  ;<',       !  I  ■    ..   ■        r  obtained  froii 


■  llrd 


sually 


,  :  '  .  I  '  ,  I  ■;'  :t  '■  ■  mis  nearly  always 
r-r!:;iii  - iiliM 'i iirr-  M  ''•]'■><;' .w  'nm'li  differ  according 
as  the  geological  stnicturc  .if  llio  cnintry  differs.  The 
same  remark  applies  to  springs  :  their  wafer  is  rain- 
water, which,  after  having  traversed  strata  of  greater 
or  less  thickness,  is  scut  up  to  the  surface  by  the 
pressure  of  the  water  in  the  neighbouruig  hills  or 
other  elevations.  [Sec  Ajitesian  Wells]  The  n.a- 
ture  and  proportion  of  the  impregnation  to  which 
spring-water  is  subjected  depend  also  on  the  extent 
of  its  transit  and  the  kind  of  rock  traversed.  The 
action  of  rain-water  upon  certain  kinds  of  rock  leads 
to  the  production  of  mineral  springs  ;  and  if  the  water 
m  Hi!  ■'■■■•  rrifain  depth  in  the  earth,  its  tempera- 
r  i         :!■  so  much  raised  by  the  internal  heat, 

■'     ,     i   '        I"  aring  at  the  surface,  it  will  be  as  a 
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Every  river  conveys  to  tlie  sea  the  waters  of  some 
pnueipal  sovirco,  and  iu  its  descent  it  gathers  into  its 
bosom  the  waters  of  numerous  minor  sources  or  tribu- 
taries. Hence  the  chemical  composition  of  river- 
water  forms  a  sort  of  mean  between  tliat  of  tlie  waters 
of  all  the  surroundinp; 


1,  how« 


wlicre 


n  falls  n: 


•-shed  of  s 


r.  tlie  r: 


does  not  all  filter 
it  flows  on  the  sui 
slopes  of  liil!-,  . 
such  case  it  li, 
than  it  would  r..  : 

the  soluble  matter 
readily  be 
cliemically  pure  th: 


water  determines  the  extent  of  its  hardnesa,  a  quality 
wluoh  may  be  either  lemporarij  or  permanenl.  Per- 
fectly pure  water  consists  of  oxygen  and  hydrogen 
only,  and  as  such  is  perfectly  snft.  Such  water  kupt 
in  contact  with  chalk,  (carbonate  of  lime),  dissolves 
only  a  small  portion  of  that  substance,  one  gallon  uf 
water  weighing  70,000  grains  taking  up  only  2  grains 
of  chalk.  Such  an  impregnation  would  make  the 
gallon  of  water  slightly  hard:  it  woidd  be  said  to 


that  r 


.  tlio  purity  of  river- water,  is 
c\i  •       ':       i    "licrehyit  loses  that  excess 

iMiii  ;.  .  I  r;  present  in  spring-water,  £ 
si)  £.'.'■■■';"  .'I  -;  ;  '':^  ^'iiutionof  carbonate  of  lim( 
These  remarks  must,  however,  be  i,i'.  ii  v.  ;,'i  -'^ 
liiuitation;  for  it  would  not  be  ililli  '  ■  >  !  ■ 
arrangement  of  strata  in  which  ili'  ■ 
yield  a  comparatively  pure  water,  ■.i..;!.:  the  ii^. 
bouring  rivers  are  strongly  impregnated  with  sal 
■,  generally  true  that  riv 


,  water,  the  gas  is  driven  oil,  aud  the  liaic  (with  the 
;  exception  of  the  2  grains  actually  dissolved  by  the 
'  water),  having  nothing  to  hold  it  in  solution,  fulls 
^  down  as  a  solid  precipitate.  Tl-  !r;r«!".r  -  rf  ?.irh 
'  I  water  is,  therefore,  only  tempni, I  '         :.il 

,  '  by  boiling.     The  enrnent  ohcn,;  •  'I  '-  ni- 

'  quire  into  the  chemical  quality  ..;    ;        ,     m  -  ,    jm;,.! 


theles 


the  (■> 


vcll-watcr 


of 


;      ■  p,      ,  ,       ,      ■         i.:  :  M  11,2  degrees 

I  point :  boiling  it  for  j  minutes  reduced  the  hardness 

to  0.3  degrees,  for  15  minutes 
'  SO  minutes  to  9.G   degrees,  nn 


1     li:i 


place  Of  eon.n    . 
always  preferred,  p 
at  all  seasons  to  f 

mish  the  reiiiiii'  \ 

people  prefer  spring- water,  and  w.l  v. 
water,  especially  when  the  river  is  uaeJ  ..., 
of  carrying  off  the  drainage  of  a  city,  all 
amount  of  drainage  may  be  too  small  to  iu 

composition  of  the 
Theadvantn,.- 

water. 

water  is  count, 

The  waters  li  ; 

along  with  the:; 

'.    :,,,::-!•,     ■    :..,,,.,_■         l:,    ■•-    1,   .:;:■-    i        ,;l  _,    :!:•■    \Ve^t 

Middles.'X  water  fell  ffoia  11/,  to  :..5  degrees,  au.l 
the  New  River  water  from  Ik?  to  4.1  degrees. 
Other  salts  of  lime,  such  as  the  sulphate,  are  generally 
I  dissolved  in  water  without  the  intervention  of  car- 
bonic acid  gas,  and  therefore  remain  in  solution  after 
the  water  has  been  boiled,  thus  imparting  penidisent 


clay,  sand,  and  other  C\  '  .    -    :;     i   :  i      '<'. 

proportion  of  foreign  le.i      .   ;,,,     i,  l-i  .  ;     ,  i 

in  the  water  during  heavy  laais  ami  il.-..>;.,  i=  di.ieie„l, 
in  different  rivers.  In  the  Seine  the  proportion  ris^es 
sometimes  to  ir^  th ;  so  that  a  person  drinking  three 
pints  of  nufiltcred  Seine  water  in  one  day,  at  the 
time  of  strong  floods,  would  load  his  stomach  with 
13^  grains  of  earthy  matter.  AVliat  would  be  the 
effect  of  such  a  dose  upon  the  health,  if  continued  for 
some  time,  is  a  question  which  medical  men  do  not 
appear  to  have  settled.  It  has  been  contended  that, 
because  sheep  and  some  other  animals,  before  they 
drink  the  water  of  ponds,  first  make  it  muddy  with 
their  feet,  it  is  a  sanitary  process  in  imman  beings  to 
drink  muddy  water.  Such  is  not  the  ^lopular  opinion, 
which  strongly,  and,  we  think,  wisely  inclines  to  pure 
limpid  water. 

The  qaantity  of  mmeral  dissolved  by  any  given 


,  '  .  VI'   i        e  !  ,.-  'I,,,,  the  soluble 

,   .    .     :■:,  u:::,  :,    ,..,    e.;.,e   ,,,[    into    aU    iu- 

the  water  is  deprived  of  liuic,  or  softened,  at  the 
expense  of  the  soap.  The  lime  in  100  gallons  of 
Thames  or  of  New  River  water  thus  occasions  the 
destruction  of  about  34  ounces  of  soap,  before  any 
portion  of  it  becomes  available  as  a  detergent.  By 
adding  measured  quantities  of  a  solution  of  soap  to 
a  known  measure  of  the  water  to  be  examined,  until 
the  soap  begins  to  give  a  lather  with  the  water,  or 
until  soap  bubbles  appear  on  the  surface  on  agitation, 
the  proportion  of  earthy  salt,  or  the  degree  of  liard- 
ness  of  the  water,  may  be  ascertained. 

In  the  water  of  the  eight  principal  Metropolitan 
Water  Companies,  the  hardness  was  found  to  be 
remarkably  uniform,  varying  from  14°  to  16°,  a  raugo 
not  amsiderably  exceeded  at  any  period  of  the  year. 
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During  floods,  however,  the  hardness  of  Thames 
water  may  fall  to  S°  or  9°.  The  shallow  well-waters 
of  London  were  found  to  vary  from  32°  to  80°  of 
hardness.'     [See  Appendix.] 

It  is  not  our  piu'pose  to  discuss  in  this  article 
those  cases  where  the  supply  of  water  is  scanty. 
We  suppose  it  to  be  abundant  in  all  cases,  but  not 
pure.  If  charged  with  mechanical  impurities  collected 
during  its  passage  to  the  river's  bed,  the  most  obvious 
metliod  of  purifying  it  is  by  filtration.  In  some 
cases,  the  water  before  its  distribution  is  received 
Luto  large  depositing  reseiToirs,  and  left  at  rest  for 
some  hours  or  days  in  order  to  deposit  its  solid 
contents.  Tliis  method,  however,  is  imperfect.  M. 
Lenpold  at  Bordeaux  found  that  after  ten  days  of 
absolute  repose  the  waters  of  the  Garonne  admitted 
into  the  reservoir  in  time  of  flood  did  not  recover 
their  usual  degree  of  limpidity.  At  first  the  grosser 
particles  were  precipitated  with  great  rapidity,  but 
the  finer  ones  remained  suspended  for  a  considerable 
time.  In  certain  localities,  and  especially  in  certain 
seasons,  water  exposed  to  the  open  air  for  8  or  10 
days  contracts  a  bad  taste  from  the  putrefaction  of 
innumerable  insects,  which  fall  into  it  from  the  atmo- 
sphere, and  also  from  the  formation  of  vegetable 
matter  on  the  surface. 

Wlien  water  is  discoloured  by  clay,  organic  matter, 
and  otlier  substances  more  or  less  soluble,  neither 
repose  nor  filtration  will  restore  the  limpidity.  A 
remedy  was  proposed  about  the  middle  of  the  last 
century,  which  consisted  in  throwing  into  the  water 
a  small  quantity  of  alum,  the  effect  of  which  is  to 
produce  au  almost  immediate  precipitation  of  the 
earthy  matters  held  in  suspension.  M.  Dareet  found 
that  the  addition  of  7i  graius  of  alum  to  1  quart  of 
the  muddy  water  of  the  Nile  made  it  perfectly  limpid 
in  the  course  of  an  hour.  So  small  a  quantity  of 
alum  would  not  be  injurious,  especially  when  it  is 
considered  that  its  ctHcacy  consists  in  its  being 
decomposed :  the  alumina  of  the  salt  falls  down  with 
the  precipitate :  a  portion  of  the  acid  of  the  salt  is 
also  saturated  by  the  carbonate  or  bicarbonate  of 
lime  contained  in  the  water ;  and  in  passing  into  the 
state  of  an  insoluble  subsulphate  or  other  compound, 
is  precipitated,  and  in  the  act  of  falling  drags  down 
mechanically  the  earthy  particles  iir  suspension.  The 
alum  may  be  employed  in  powder  or  iu  the  lump. 
In  the  latter  case  a  large  crystal  is  attached  to  the 
end  of  a  line,  and  moved  through  the  water  in  all 
directions  near  the  surface ;  removing  it  as  soon  as 
bulky  flocks  appear,  for  the  formation  of  this  preci- 
pitate is  a  sign  that  a  sufficient  quantity  of  alum  has 
been  used.  'VVlieu  powder  is  used,  the  proper  pro- 
portion should  be  weighed  out  and  sprinkled  over  the 
whole  surface  of  the  water,  which  must  not  be 
agitated.  The  alum  may  also  be  dissolved  in  a  small 
quantity  of  water  and  sprinkled  over  the  surface, 
then  gently  agitated  and  left  to  repose.  This  last  is 
the  most  rapid  method. 


This  method  of  piuifyiug  water  is  too  refined  to 
be  trusted  to  any  hands  but  those  of  a  scieutific 
chemist.  It  does  not  appear  to  be  adapted  to  all 
waters,  for  cei-taiu  minutely  divided  substances  may 
escape  the  action  of  the  alum,  and  remain  suspended 
after  the  precipitate  has  been  deposited.  If  the 
alumed  water  require  subsequent  filtration,  then  the 
use  of  alum  appears  to  be  a  needless  expense.  More- 
over, alum,  however  smaU  in  quantity,  alters  the 
chemical  puiity  of  the  water  by  the  introduction  of 
a  salt  not  naturally  contained  iu  it ;  and  although  this 
salt  may  be  inert  in  certain  proportions,  it  is  easy  to 
conceive  that  through  the  ignorance  or  carelessness 
of  persons  appointed  to  conduct  the  process,  tliose 
proportions  may  be  increased  to  au  injurious  extent. 
It  is  also  an  objection  that  the  sulphuric  acid  of  the 
alum,  by  converting  the  carbonate  of  lime  of  the 
water  into  sulphate,  induces  a  hardness  permanent  in 

The  use  of  alum  as  a  purifier  has  been  revived  in 
our  own  day.  The  Thames,  like  other  rivers,  becomes 
turbid  in  times  of  flood,  acquiring  a  yeUovr /ood-titiffe, 
which  is  only  very  partially  removed  by  sand-filtration. 
This  discoloui-ation  appears  to  be  due  to  the  com- 
pound of  clay  and  organic  matter  washed  out  by  the 
Brent,  from  the  extensive  and  highly  manured  field 
of  the  London  Clay  Foi-mation,  which  it  drains. 
This  clay  tinge  resists  the  action  of  acids,  and  does 
not  even  fall  down  with  carbonate  of  lime  precipitated 
in  the  water.  It  can,  however,  be  removed  by  alum, 
7  grains  of  that  salt  to  the  gallon  of  water  being 
sufficient  in  general  to  precipitate  the  clay  completely, 
and  to  produce  a  perfect  discolouration. 

The  use  of  caustic  lime  is  less  objectionable  than 
alum,  for  the  purpose  of  softening  and  puiiiying 
water  by  removing  from  it  carbonate  of  lime,  and  a 
portion  of  the  organic  and  colouring  matter.  Car- 
bonate of  lime  is  held  in  solution  by  the  free  carbonic 
acid  gas  dissolved  in  the  water ;  by  adding  caustic 
lime,  either  iu  the  form  of  lime-water,  or  of  the  dry 
hydrate,  the  carbonic  acid  immediately  combines  with 
the  lime,  converting  it  into  insoluble  chalk  or  car- 
bonate of  lime,  which  is  precipitated  together  with 
the  carbonate  of  lime  originally  held  in  solution.  At 
the  Mayfield  Print-works  in  Lancashire,  300,000 
gallons  of  water  are  thus  purified  every  day,  at  a 
trifling  expense  and  with  little  trouble.  A  careful 
saries  of  experiments  conducted  by  Messrs.  Graham, 
Miller,  and  Hofmann,  proved  "that  the  means  of 
conducting  this  process  are  certain  iu  their  results, 
and  sufficiently  simple  to  be  left  to  the  execution  of 
a  workman  of  ordinary  intelligence.  The  precipita- 
tion of  the  carbonate  of  lime  was  terminated  within 
24  hours,  and  the  water,  if  free  from  turbidity  before 
\  the  liming,  continued  in  that  state,  but  if  originally 
turbid,  it  remained  so,  aud  required  filtration  besides 
the  liming  to  make  it  clear.  The  New  Kiver  and 
Thames  waters  were  softened  in  this  way  to  an  average 
of  about  3|  degrees  of  hardness,  or  to  a  lower  point 
than  by  an  hour's  boiling." 

This  process  was  tried  on  a  large  scale  at  the 
Chelsea  Water-works.     The  usual  supply  of  water 
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pumped  up  from  the  rivci',  was  run  into  tlie  first 
reservoir  together  with  a  small  stream  of  milk  of  lime 
flowing  from  a  wooden  cistern.  The  intermingled 
streams  passed  on  into  one  of  the  great  settling  re- 
servoirs, to  the  extent  of  from  3,000,000  to  4,000,000 
gallons,  or  nearly  a  day's  supply.  Tlie  quantity  of 
lime  was  regulated  by  testing  tlie  water  in  the  reser- 
voir by  a  drop  of  nitrate  of  silver,  which  shows  if 
the  dose  of  lime  has  been  exceeded  by  tlie  fnrnintion 
of  a  brown-coloured  precipitate,  .'\ftrr  'n'.-Mli.i:'  IViv 
24  hours  or  longer,  the  water  w-  |  i  '  :',  ' 
the  sand-filters  and  distributed.  'Jii  ; 
ness  in  five  such  experiments,  bilnic  ,,ii,|  :,i!,  i  t  r 
softening  process,  is  stated  in  the  foliuwin^-  table,  l.y 
Mr.  J.  Simpson,  Jun.  the  resident  engineer. 
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From  these  experiments,  and  from  the  success  and 
simplicity  of  the  liming  process,  the  commissioners 
conclude  that  this  process  might  be  made  to  fall  easily 
into  the  routine  operations  of  water-works  without 
being  attended  with  any  peculiar  difficulty  on  the 
large  scale.  The  softening  of  Thames  water  in  its 
ordinary  condition  by  this  process,  to  a  point  under 
4  degrees  of  hardness,  appears  to  be  perfectly  pracii- 
cable.  The  water  of  the  experiment  of  the  17th  of 
April  was  analyzed  before  and  after  the  liming. 
The  whole  fixed  constituents  contained  in  one  gallon 
of  water  were  found  to  be  reduced  from  24.07  to  8.31 
grains,  and  the  organic  matter  from  2.50  to  1.00 
grains :  the  quantity  of  lime-salt  present,  considering 
it  all  as  carbonate,  was  reduced  from  13.65  to  2.03 
grains.  The  softened  water  was  clear  and  bright, 
and  had  acquired  neither  odour  nor  taste  from  the 
process.  The  cost  of  the  process  is  estimated  at 
about  20*.  for  one  million  gallons,  and  if  generally 
adopted  would  add  about  4  per  cent  to  the  price 
charged  to  the  consumers.  It  must,  however,  be 
remembered  that  the  liming  process,  even  when  com- 
bined with  filtration,  does  not  remove  the  yellow 
flood-tiuge  of  Thames  water,  nor  the  objectionable 
taste  of  vegetable  which  such  water  has  at  the  times 
of  flood. 

We  come  next  to  notice  the  methods  of  filtering 
water  on  a  large  scale.'  Filtration  may  be  described 
fts  of  two  kinds,  one  which  is  effected  by  the  surface 
of  the  filtering  material,  and  the  other  in  which  the 


j  mass  of  the  filtering  material  operates  by  the  reteufiou 
;  of  the  solid  particles  of  matter.  If  we  pour  rain- 
wiin-  iiiiiiii  ,1  |i:i|irr  filter,  such  as  is  used  by  the 
i'  -  through  freely  for  a  certain  time ; 

!  impurities  contained  in  the  water 

:i- '  i,:iin!:Mi  nii  i  lie  p:q)er,  they  gradually  close  Up  its 
pores,  the  water  passes  through  more  and  more  slowly, 
until  at  length  it  is  arrested  altogether.  So  also, 
I  when  a  mass  of  sand  is  employed  as  a  filtering  ma- 

'  ■•'■■•  ,:  ::  i  i!  :  i!is,  and  at  length  entirely 
:  I  he  sand,  and  the  water 
'■'■ '  I  ,  !  I  I  ,  ,  t'li'  iil!i  III  IMC,  in  order  that  filtering 
may  lie  ^ucccb!ifully  kept  iip,  it  is  necessary  to  provide 
means  for  maintaiiiin!T  a  constant  porosity  in  the 
filtering  material.  The  quality  of  the  filtered  water 
depends  on  the  minuteness  of  the  impurities  to  he 
separated,  and  on  the  diameters  of  the  pores  of  the 
filtering  material.     If  these  pores  are  less  than  the 

1  smallest  diameter  of  the  solid  impurities,  they  will 
be  retained,  and  the  water  will  pass  through  clear. 
If,  on  the  contrary,  the  solid  unpurities  be  of  smaller 
diameter  than  the  pores,  they  will  pass  through  with 
the  water,  and  the  filter  will  be  worthless.  The 
filtering  material  must  also  be  of  such  a  kind  as  not 

^  to  communicate  any  impurity  to  the  water,  and  not 
to  alter  in  mechanical  texture  by  prolonged  use. 

In  filtering  on  a  large  scale, — for  the  supply  of  aeity, 
for  example,  — the  cost  and  durability  of  tlie  filter  are 
important  considerations.  On  tlie  great  scale  of  na- 
ture, the  rocks  which  filter  the  water  as  it  falls  upon 
the  surface  of  the  soil  constitute  a  vast  permanent 

I  filter,  the  durability  of  which  arises  from  the  great 

j  extent  of  superficial  or  subterranean  surface  con- 
cemed.     It  might  at  first  view  appear  to  be  easy  to 

I  imitate  this  natural  operation,  and  pass  the  muddy 
water  of  a  river  through  the  porous  rock  or  sand 
wliieh  forms  its  banks ;  but  this  is  often  a  costly  pro- 
ceeding, on  account  of  want  of  permanence  of  and 
artificial  structure  so  contrived.  Toulouse  is  supplied 
with  water  from  the  Garomie  in  this  way,  and  it  has 
cost  upwards  of  40,000/.  at  various  times  fur  supply- 
ing a  city  of  only  50,000  inhabitants.  The  cause  of 
failure  in  this  and  other  instances  arises  from  the  fact 
already  noticed,  that,  when  water  filters  through  sand, 
it  deposits  its  solid  impurities  to  a  certain  depth 
between  the  interstices  of  the  sand,  rendering  it  neces- 
sary from  time  to  time  to  renew  the  filtering  surface. 
Unless  this  be  done,  the  bed  becomes  impermeable,  or, 
at  least,  not  suificieutly  porous  to  afford  an  abundant 
and  permanent  supply  of  filtered  water.  This  is  illus- 
trated by  some  experiments,  conducted  by  Jlr.  Wiek- 
steed.  A  sand  filter  winch  yielded  at  the  rate  of  10  the 
first  week,  yielded  9  the  second  week,  6  the  third  week, 
and  only  2  the  foui'th  week ;  so  that  a  large  natural 
filler  (as  this  description  of  filter  is  called)  may  go  on 
for  some  years  yielding  a  good  supply  of  water,  and 
then  gradually  diminish  its  supply  until  it  ceases 
altogether.  Hence  the  construction  of  these  so-called 
natural  filters  requires  much  caution  on  the  part  of 
id  it  will  always  be  difficult,  if  not 
■,  to  calculate  beforehand  the  amount  cf 
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watfr  wliicli  a  natural  filter  proposed  to  be  erected 
V  ill  yield. 

A  second  system  of  filtration  on  a  large  scale  con- 
sists in  the  formation  of  extensive  beds  of  sand,  of 
great  thickness,  resting  on  beds  of  gravel,  &c.  At 
intervals  of  time,  from  ten  to  fourteen  days,  the  -n-atcr 
is  run  o(f,  and  the  filth  which  had  accumulated  diu-ing  ; 
filtration  is  scraped  off  with  a  certain  thickness  of  the  j 
sand  of  the  filtering  bed.  Once  or  twice  a-year  the 
whole  of  the  sand  removed  is  replaced.  This  method 
is  cosily,  and  not  altogether  satisfactory.  The  ex- 
pense of  filtration  at  the  Chelsea  Water-works,  on 
this  system,  was  estimated  in  IS-iO  by  Mr.  Simpson 


The  quantity  of  water  filtered  was  originally  stated 
to  be  2,300,000  gallons  daily.  This  was  increased  to 
3,136,320  gallons,  or  72  gallons  per  superficial  foot 
of  the  filtering  bed.  Tlie  quality  of  the  water  is  said 
to  vary  with  the  state  of  the  bed.  Iminediatelyafter  the 
removal  of  the  dirt  and  about  one  inch  of  sand  at  each 
cleansing,  the  pores  may  be  said  to  be  open.  About 
two  feet  depth  of  water  is  then  run  on  the  filter,  and 
as  the  filtialion  diminishes  by  the  obstruction  of  the 
pores,  the  depth  of  water  is  iuereased  to  augment  the 


acripeii  simdir  to  those  used  in  lemOMiig  the  mud 
fiom  the  suifice  ot  mieadimized  loidb  T\io  men 
can  dean  eich  filtei  m  one  da\  at  2s  6  /  each  man 
The  mipure  sand  thus  removed  is  caiefidl\  ia ashed, 
and  leplaced  on  the  filters  once  aycai  Tor  tins 
pm-pose  the  sand  is  thiovm  into  a  trough  containing 
runnmg  watei,  which  then  dischaiges  its  contents 
into  a  cistern,  -where  tne  sand  subsides,  while  the  im- 
puic  watci  overflows  at  the  cxtieme  cud  of  the 
cistern  This  washmg  and  replacing  of  Mic  sand 
costs  -tO'  pel  annum  The  original  expense  of  tv\  o 
reservous  and  two  filtei  s  was  about  1,200/ ,  including 
everything  connected  with  them,  such  as  gravel, 
sand,  V lives,  cistcms,  S.c  The  total  e\peiuc  for 
setthng  and  filteiing  half  a  million  gallons  of  water 
per  day  was  estimated  at  150/.  pei  amium. 

A  modification  of  this  system,  by  Mr.  Tliom,  has 
been  introduced  at  Greenock,  Paisley,  and  Ayr.  Mr. 
Thorn's  self-cleaning  filters  were  described  by  him  in 
1843  to  the  Commissioners  for  inquiring  into  tlie  state 
of  large  towns.  Fig.  914  will  give  some  idea  of  the 
filter  erected  at  Paisley.  This  filter  is  100  feet  long 
and  GO  broad,  and  is  divided  into  three  compartments, 
which  mfij  be  made  to  act  together  or  separately, 


pressure.  The  filili  then  accumulates  on  the  surface 
of  the  filter,  so  that,  before  the  water  can  be  filtered, 
it  must  pass  through  this  ohjcctiop.ablc  material. 

Mr.  John  Graliani,  of  the  firm  of  Thomas  Hoyle 
and  Sons,  stated  in  his  evidence  before  the  Committee 
the  method  of  filtering  the  water  of  the  muddy  stream 
for  the  use  of  the  bleach-works  at  Dukinfield.  Ar- 
rangements were  made  for  filtering  48,000  gallons 
per  hour,  or  half  a  million  gallons  per  day  ;  this  being 
the  daily  consumption  in  lOi  hours.  The  water  is 
first  received  into  two  reservoirs  of  subsidence,  one 
about  4  feet  and  the  other  about  11  feet  deep,  having 
together  about  2,000  yards  of  superficial  surface.  The 
water  remains  in  these  reservoirs  from  1  to  2  days 
before  it  passes  to  the  filters.  These  reservoirs  are 
washed  out  once  in  2  or  3  years,  at  an  expense  of 
from  3A  to  4/.  for  the  two.  There  are  two  filters,  one  of 
which  Ips  pii  fivcT  of  1  no,  square  yards,  and  the  other 
n{  dO'j  -  1  >  liiigsomemouthsof  theyear, 

thcqu  M  ihlirough  these  filters  every 

24  hour-  iMTtiiiii  s(i;iviiiij  gallons.  The  impurities 
wnich  collected  on  tlic  surface  of  the  filteiing  beds 
were  removed  more  or  less  frequently,  according  to 
tlie  state  of  the  river  and  the  quantity  of  water 
filtered:  at  some  seasons  the  surface  was  cleaned 
only  once  in  three  months,  at  other  times  once  a- 
week ;  the  average  being  once  a-fortnight.  At  each 
time  of  cleaning,  the  impure  coating  on  the  surface  is 
removed,  to  the  depth  of  half  an  inch,  by  means  of 


so   that 

cleaned,  tli( 
other  two  eon 
tinue  in  opci  a 
tion  The  sit( 
of    the   Clteii 

depth  of  G  or  8  feet,  vvith  in         ^  1  itui  d 

The  bottom  is  laid  ibout  a  foot  deep  with  stiong  stiff 
puddle,  ov  ei  which  pav  emonl  is  laid,  so  as  to  be  im 
peivious  to  watei  The  walls  aie  also  joined  with 
cement,  and  puddled  behind  so  as  to  be  water  tight 
The  bottom  is  divided  into  di  iins,  oi  spaces,  1  toot 
wide  and  5  inches  deep,  by  means  of  firc-bnck  laid 
on  edge  and  covered  with  flat  tiles  of  the  same  mate- 
rial, perforated  with  small  holes,  ratner  more  than  -iVth 
inch  in  diameter,  and  placed  very  near  each  other. 
There  is  also  a  space  of  ^th  inch  left  open  between 
the  ends  of  the  bricks  which  support  the  perforated 
tiles,  and  their  upper  edges  are  little  more  than  1  inch 
broad,  in  order  that  there  may  be  little  or  no  space 
left  without  holes,  and  nothing  to  prevent  the  water 
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spreading  equally  over  every  part  of  the  bottom  of 
these  drains.  Tliis  is  purticularly  necessary  when  the 
fillers  are  being  cleaned  by  the  upward  motion  of  the 
■nater.  The  perforated  tiles  or  plates  are  covered  to 
the  dcptli  of  an  inch  with  clean  gravel,  about  -^ths 
iucJi  diameter :  upon  this  are  phiccd  five  other  layers 
of  gravel,  each  of  the  same  depth,  and  each  succeed- 
ing layer  a  little  finer  than  the  preceding  one,  the  last 
being  coarse  sand.  Over  this,  to  the  depth  of  2  feet, 
is  placed  very  clean,  sharp,  iuie  sand,  a  little  coarser 
than  that  used  in  ho\ir-glasses :  about  G  or  8  inches 
iu  depth  of  this  fine  sand  is  mixed  with  animal  char- 
coal, ground  to  the  size  of  coarse  meal,  each  particle 
ocing  about  yV*-''  i"ch  diameter.  Water  is  admitted 
into  tlie  filter  from  coUeetiug  reservoirs  or  regulating 
basins  by  means  of  a  stone  pipe  u  and  iron  pipes  r  s  p, 
connected  therewith  and  with  the  top  and  bottom  of 
the  filters.  Near  the  top  of  the  u-on  pipe  at  s  is  a 
valve  by  means  of  wiiich  the  water  is  made  to  enter 
at  tlie  top  or  at  the  bottom  of  the  filter  at  pleasure. 
TlH;re  is  a  longitudinal  drain  or  pipe  n  between  the 
filler  and  the  pure-water  babin,  (  ■      ■         •  ■ 

both  ;  and  on  each  of  the  openings  betwi 
and  tl\e  filter  is  a  stop-coek,  to  close  the 
■when  necessary.  There  are  also  two  drains  for  carrying 
off  the  foul  water  when  the  filters  are  being  cleaned, 
and  another  for  preventing  the  water  from  rising 
too  high  in  the  filter.  The  action  of  the  filter  is  as 
follows  :— The  sluice  ii  and  the  valve  s  are  opened, 
aud  the  water  permitted  to  flow  through  the  filter 
into  tlie  drain  s  below  until  it  becomes  quite  clear. 
When  first  set  to  work,  this  will  take  2  or  3  days, 
unless  the  gravel  aud  saud  had  beeu  carefully  washed 
before  being  put  into  the  filter.  Water  will  now  flow 
copiously  from  the  filter  for  some  weeks,  (the  time 
being  shorter  or  longer  according  as  the  water  is 
more  or  less  turbid  on  enterijig  it,)  and  when  the 
quantity  begins  to  fail,  the  stop-cooks  z  are  closed, 
and  the  valves  s  raised.  The  water  then  enters  below, 
and  fills  aU  the  drains ;  and  having  a  head  pressure 
of  several  feet,  it  will  force  its  way  up  through  the 
sand  to  the  top,  and  in  its  passage  raise  the  scales  or 
li,ul!rl  ^  '  f  II, i  \  v.liii.li  had  been  deposited  in  the 
rinv, :  ,',,1  carry  them  into  the  foul-water 

dill  II  '  h   I'o  said  at  the  surface  is  stirred  by 

a  till'  t'  III  I  1  I  iil'Icr  the  water  has  been  raised 
above  it,  and  a  little  additional  water  be  admitted  on 
the  top,  it  win  facilitate  the  operation  of  cleaning,  as 
the  mud  is  always  deposited  on  the  very  surface  of  tlio 


that  it  requires  violent  agitation  to  dislodse  and 
detach  the  filth  from  between  the  grains  of  saud.  Li 
cases  where  the  sujiply  of  water  was  limited,  the  large 
quantity  required  for  cleansing  the  filter  would  con- 
stitute a  formidable  objection  to  this  plan,  supposing 
it  to  be  otherwise  perfect.  Another  objection  to  these 
filtering-beds  on  a  large  scale  is  the  great  extent  of 
ground  which  they  occupy.  The  ]5J  millions  of 
gallons  of  water  supplied  daily  by  the  New  Itiver 
Company  woidd,  if  filtered  on  this  plan,  require  up- 
wards of  12  acres  of  ground  for  the  filtering  beds, 
slope.s  aud  intervals,  engine-room,  &c. 

The  filter  invented  by  M.  M..urras  is  free  from 
some  of  the  objections  which  opply  to  the  filters 
already  noticed.  The  filtcrmg  material  is  sand,  of 
various  degrees  of  fineness,  and  the  arrangement  will 
be  luidcrstood  bv  referring  to  Fig.  915,  which  rcprc- 

ilk      '  ^^^ 


nl 


is  said  to  nvii      .     1'     /.;  \      1.    '       ■!       im,,,.. 

Uf   such    a    filfr,'    I.,    I,     lul.i,  .•!     r^ni.H    i|,l|-.-:'„Ms    ,. 

estimated  at  about  bOO/. 

It  is  stated  that,  in  practice,  the  simple  return  of  ' 
the  current  of  water  upwards,  even  under  a  pressure 
of  26  feet,  does  not  sufilce  to  cleanse  the  filter,  nor,  ' 
in  some  cases,  to  remove  even  one-tenth  of  the  dirt.;  I 
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seufs  a  section  of  a  double-action  iUtering-macliiiie, 
acting  per  asceiisiim  et  descensum.  Fig.  916  shows  tlie 
exterior  of  the  case,  wliich  is  made  of  iron,  and  water- 
tight, with  the  doors  x  x  for  the  introduction  of  the 
sand.  Fig.  917  is  a  plan  of  a  double  range  of  filters : 
XX  are  tlie  filters,  yy  the  supply  pipes,  II  eduction 
pipes  of  filtered  water,  and  ss  reservoir  of  filtered 
water.  The  entrance  for  the  dirty  water  into  the  case 
is  by  the  pipe  a.  Fig.  915  ;  the  exit  for  the  filtered 
water,  by  the  pipe  c.  The  water  in  its  passage  through 
the  box  follows  the  direction  of  the  arrows,  and  divides 
into  two  currents,  one  traversing  the  filtering-beds  d 
of  the  coarser  sand,  e  of  the  finer  sand ;  the  other 
current  traversing  the  beds  r  of  the  coarser  sand,  g 
of  the  finer  sand,  meeting  in  the  central  chamber  l-*, 
and  passing  off,  filtered,  by  the  cock  h'  and  pipe  c. 
B',  B-,  b'  are  water-chambers  communicating  with  the 
pipes  A  c  by  sluice-cocks  at  ii' — u" ;  by  means  of 
which  cocks  the  direction  of  the  cm-rent  of  water  may 
be  varied  at  pleasure.  Tlie  eificacy  of  this  filter  mainly 
depends  on  the  simple  manner  in  which  the  sand  of 
the  filtering-beds  is  retained,  and  prevented  from 
escaping  -nith  the  water  imder  the  pressure  of  the 
filtering  water  and  the  severe  shocks  wliich  are  re- 
quired to  detach  and  discharge  the  dirt  from  the 
filtcriug-beds.  The  filtering  sand  is  retained  by  means 
of  retaining-boxes  e  r.  These  are  closed  boxes,  the  . 
upper  and  under  surfaces  of  which  are  pierced  with 
small  holes  of  a  certain  diameter,  which  may  be  repre- 
sented by  5,  and  filled  and  tightly  packed  with  riddled 
sand  of  a  diameter  which  may  be  called  6,  and  conse-  [ 
quently  incapable  of  passing  through  the  small  holes 
of  the  pierced  plates  of  the  rctainiug-box.  Thus  the 
sand  in  these  boxes  is  a  large-grained  sand,  easily 
retained ;  but  the  interstices  between  its  grains  are 
suflieieutly  small  to  retain  the  fine-grained  sand  of  the 
filtering-beds.  In  this  way  the  difficulty  hitherto  ex-  i 
perienced  of  retaining  fine  sand  is  entirely  overcome.  ' 
The  finest  silver  sand  has  been  retained  in  an  experi- 
ment of  3  months'  filtration,  under  a  pressure  of  a  \ 
column  of  GO  feet  of  wati  r.  Tliis  method  also  admits 
of  cleansing  at  iiilii  \  i', .  !r,  ;1  :  i,iiiu  of  a  current,  ' 
and  the  shocks  gu.  n  ■■  ''nping  it  off,  or 

meeting  it  by  a  rcvLi-.i   riu  ,m;I  j  i  ,  mj  iqunl  velocity. 

four  of  which  being  arranged  to  open  a':  1 
taneously,  suddenlychange  the  direction  Ml 
by  which  a  vit.lcnt  agilation  is  produced  hrnir,  .,  i:m 
po;-c5  nl'  il:  ■   I,, I.  Ill-  -,i.;J,  and  the  dirt  is  dislndgc-d 
and  cm:    I   ;  Jh     .    It  will  be  seen  that 'the 

filterin-   ;  if  various  degrees  of  fine- 

ness, so  an  M_-  !  11  I ;  i:  ninnot  escape  from  its  posi- 
tion in  the  machine  ;  and,  that  the  dirt  is  removed  at 
intervals,  and  the  porosity  of  the  filtering  sand  re- 
stored. The  machine  represented  in  Fig.  915  is  5  feet 
6  inches  x  a  feet  0  inches,  having  a  filtering  siuface 


of  GO  superficial  feet,  capable  of  filtering  150,000  im- 
perial gallons  in  24  hours,  with  a  head  of  water  12  feet 
C  inches.  According  to  some  experiments  made  with 
one  of  these  filters  at  the  New  River  Head,  Mr.  Sloper 
estimates  the  cost  of  filtration  in  24  hours  daily  at 
2,G00/.per  annum, or  12  hom-s  daily  4,000/. per  annum; 
the  delivery  being  11.000,000  imperial  gallons  daily  for 
313  days  of  the  year,  the  cost  of  filtration  becomes  by 
the  first  estimate  \d.  for  5,500  gallons,  by  the  second, 
U.  for  3,G00  gallons. 

In  coming  now  to  notice  the  construction  of  snndl 
filters  for  domestic  use,  such  a  mullitude  of  inven- 
tions and  contrivances  start  up  to  view,  that  the 
difficulty  is  how  to  choose  and  where  f  o  begin.  Tiierc 
are  certain  classes  of  subjects  upon  which  the  genius 
of  inventors  seems  to  run  riot.  Tillers  form  one  of 
these  classes  :  Fire-escapes  another.  In  either  class, 
examples  are  as  numerous  as  the  attempts  to  solve  the 
problem  of  perpetual  motion,  or  to  square  the  circle. 
Almost  every  kind  of  porous  substance  has  been  en- 
listed into  the  service  of  filters.  The  animal,  the 
vegetable,  and  the  mineral  kingdoms  have  each 
contributed.  Animal  charcoal,  sponge,  and  flannel ; 
vegetable  charcoal,  cotton,  straw,  hemp,  sawdust, 
shavings  of  wood,  branches  and  leaves ;  various  kinds 
of  porous  stone,  sand,  powdered  glass,  zinc  and  iron 
filings— are  a  few  only  of  the  filtering  materials  that 
have  been  used,  and  the  methods  of  disposing  them 
are  as  various  as  the  substances  tliemselves.  It  is 
necessary,  however,  to  state  at  once,  that  in  describing 
domestic  filters,  we  shall  scarcely  notice  those  in  which 
the  fdtering  material  is  organic  (except  in  the  case  of 
charcoal).  It  is  true  that  filters  of  cotton,  of  wool, 
&c.,  have  been  tried  for  some  time  with  apparent 
success,  and  have  been  favoui-ably  reported  on  by  a 
commission  appointed  by  a  learned  society.  Their 
failure,  however,  arose  from  a  cause  which  had  not 
operated  when  the  report  of  the  commissioners  was 
published.  It  was  found  that  an  animal  or  vegetable 
substance  after  being  exposed  for  some  weeks  to 
constant  moisture  underwent  decomposition,  and  im- 
parted impurities  of  its  own  to  the  water  which  it 
was  intended  to  purify  and  render  potable.  The 
wool-filter  was  made  of  null-puff,  which,  being  com- 
pressed, formed  an  excellent  filtering  material  as  far 
as  minute  porosity  was  concerned.  It  was  used  for 
filtering  the  water  which  supplies  some  of  the  foun- 
tains of  Paris,  to  which  the  inhabitants  resort  for 
their  usual  supply;  but  after  an  extended  trial,  the 
defect  which  belongs  to  all  organic  substances  as 
r-,  -iri:iin:t  l^"r:-;;,  v  v:: '■■r\'=  l.-n-i^n  \r.-  rvidcnt  to 
'.     •     .  ,    ,:.,!  •■■•.,.■      ,:  ■     .  '  '    Asbes- 
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iTom  the  objections  which  apply  to  flamiel,  cotton,  &c. 
A  mixture  of  cliarcoal  and  saud,  or  those  substances 
arranged  in  alternate  layers,  is  a  favourite  arrange- 
ment with  filter-makers.  The  charcoal,  however,  is 
chemically  as  inert  as  the  sand,  and  about  as  effica- 
cious as  a  mechanical  filtering  material.  Li  order  for 
a  charcoal  filter  to  act  chemically,  a  fresh  supply  of 
new-burnt  animal  charcoal  ought  to  be  used  about 
every  two  days,  a  condition  which  evidently  could  not 
be  complied  with  in  a  domestic  filter,  which,  like  ven- 
til-ators  and  other  salubrious  contrivances,  ought  to 
be  nearly,  if  not  quite,  seK-aetiug,  conferring  positive 
jcuefits  with  very  little  trouble. 

The  Japanese  and  Egyptians  appear  from  a  very 
early  period  to  have  used  vessels  of  sandstone,  or  of 
unglazcd  earthenware,  for  the  purpose  of  filtering 
water.  The  stone  was  hollowed  out  into  the  form  of 
a  mortar,  or  was  made  egg-shaped,  small  projections 
being  left  at  the  top  for  resting  upon  a  wooden  frame, 
v,-hich  supported  it.  Water  being  poured  into  this 
stone  vessel,  passed  through  with  tolerable  facility, 
and  collecting  at  the  point  of  tlie  oval,  feU  into  a 
vessel  placed  below  to  receive  it.  The  solid  impu- 
rities in  the  water  being  larger  than  the  pores  of  the 
stone,  were  retained,  aud  could  be  cleared  out  as 
often  as  it  was  found  desirable.  About  the  middle 
of  the  last  century,  a  lias  was  found  in  Picardy, 
which  acted  as  a  very  good  filter.  Stones  of  this 
kind  were  arranged  so  as  to  form  a  false  bottom  to  a 
cistern,  and  the  filtered  water  was  drawn  off  by  a 
stop-cock  inserted  in  the  space  between  the  false 
bottom  aud  the  real  bottom.  One  end  of  a  vent-pipe 
entered  this  chamber,  the  other  end  passing  above 
the  cistern,  thereby  allowing  the  water  to  flow  freely 
when  the  tap  was  turned. 

In  1701,  Mr.  James  Peacock  patented  a  method 
for  filtering  by  descent  or  ascent  through  sand  and 
gravel.  The  apparatus  consisted  of  a  large  supply- 
cistern  placed  at  the  proper  height,  below  which  was 
a  closed  box  fJled  with  washed  sand  aud  gravel,  or 
with  a  mixture  of  charcoal  and  powdered  calcareous 
stone.  The  water  in  theupper  reservoir  descended  by 
a  pipe  into  the  bottom  of  the  box,  and  the  water  was 
filtered  by  ascending  through  the  strata  of  sand,  &c., 
and  was  drawn  off  by  a  pipe  fixed  to  the  upper  part 
of  the  box.  The  filter  was  occasionally  cleaned  by 
means  of  an  exhausting  and  condensing  pump,  by 
which  water  was  rapidly  sucked  up  through  the  sand 
and  gravel,  and  forced  down  again  in  the  contrary 
direction,  by  which  means  the  mud  and  dirt  were 
first  thoroughly  stirred  up,  and  then  washed  out  of 
the  filter. 

In  1812,  M.  Paul  of  Geneva  invented  a  filter  con- 
sisting of  a  number  of  metal  cylinders,  each  about 
2  feet  in  length,  aud  about  6  inches  in  diameter. 
From  twelve  to  twenty  cylinders  are  employed  if 
necessary  for  one  filter.  They  are  filled  to  a  certain 
depth  with  saud  resting  upon  a  cliaphratfin  perforated 
with  smaU  holes.  The  water,  whicli  descends  from 
the  cistern  or  reservoir  by  a  ])ipc,  outers  the  first 
cylmder,  passes  througli  it  by  a  pipe  into  the  second, 
whence  it  ascends  by  another   pipe  into  the  tliiid 


cyUnder,  and  so  on  until  it  issues  from  the  last 
cylinder  perfectly  filtered. 

In  1814,  M.  Ducommon  contrived  a  filter,  com- 
posed, 1,  of  a  solid  base  pierced  with  holes,  for  the 
purpose  of  supporting  the  filtering  materials ;  upon 
this  was  placed,  2,  a  layer  of  sand  too  coarse  to  pass 
through  the  holes;  3,  a  second  layer  of  sand  of 
medium  size,  not  sufficiently  fine  to  pass  between  the 
interstices  of  the  first  layer;  4,  a  thud  layer  of  fine 
sand,  or  of  pounded  freestone,  not  sufficiently  fine  to 
pass  through  the  medium  sand;  5,  a  layer  of  fine 
charcoal  about  i  inch  thick,  if  river-water  is  to  be 
filtered;  or  a  layer  of  coarse  charcoal  10  or  12  inches 
thick,  if  foul  water  is  to  be  filtered ;  6,  upon  this  is 
placed  a  layer  of  fine  sand  smiilar  to  No.  3,  to  keep 
the  charcoal  in  its  place,  and  protect  it ;  then  followed 
7,  a  layer  of  coarser  sand;  8,  a  still  coarser  layer 
similar  to  No.  2 ;  and  9,  a  cover  perforated  with  holes 
to  prevent  the  stream  of  water  from  displacing  the 
materials  on  entering  the  filter.  A  fUter  of  this  kind, 
of  the  sectional  area  of  40  square  inches,  was  said 
to  be  capable  of  filtering  from  110  to  115  gallons  of 
water  per  hour.  The  precaution,  however,  was  taken 
of  first  straining  the  water  through  a  piece  of  canvass 
as  it  entered  the  filter. 

In  1815,  Count  Real  obtained  a  filtering  force  by 
means  of  the  pressure  of  a  column  of  water,  for  which 
a  force-pump  was  substituted  by  another  inventor. 

In  1819,  M.  Hoffmann  of  Leipsic  employed  con- 
densed air  as  the  filtermg  force.  This  was  again 
improved  on  by  Dr.  Romraerhausen,  who  so  arranged 
his  filter,  that  the  pressure  of  the  atmosphere  should 
take  the  place  of  the  column  of  water,  and  of  the 
condensed  air.  For  this  purpose  the  vessel  containing 
the  filtered  liquid  was  comiected  with  an  exhausting- 
syringe  or  air-pump,  so  that  the  air  could  be  extracted 
from  it.  Across  this  vessel  the  filtering  materials 
were  arranged  in  the  form  of  a  diaphragm,  above 
which  was  another  vessel  containiug  the  liquid  to  be 
filtered.  It  is  evident  that  on  rarefying  the  air  in  the 
lower  vessel,  the  pressure  of  the  air  on  the  liquid  in 
the  upper  vessel  would  act  just  as  in  the  old  air-pump 
experiment,  in  which  mercury  is  forced  through  the 
pores  of  a  piece  of  wood  into  a  vessel  contained 
within  an  exhausted  receiver. 

M.  Fonvielle's  filters  also  depend  on  the  pressure 
of  a  column  of  water.  The  filtering  materials  are 
arranged  in  layers,  and  arrangements  are  made  for 
cleansing  them  when  required,  by  the  sunultaneous 
action  of  numerous  currents  of  water,  which,  under 
a  considerable  head  pressure,  penetrate  the  mass  of 
the  fdter  in  different  directions,  and  from  various 
heights,  so  that  as  the  water  flows  m  one  direction 
from  the  filter,  the  mud  and  saline  matters  are 
removed,  and  by  reversing  the  action  of  The  stream, 
the  water  is  perfectly  pure  and  limpid,  exciting  the 
greatest  surprise  in  the  spectators.  This  plan  is 
admitted  to  be  founded  on  that  of  Mr.  Thom  akeady 
uuticed. 

In  1S31,  M.  Leloge  contrived  an  ascending  filter, 
consisting  of  foiu-  unequal  parts,  placed  one  above  the 
other,  the  upper  part,  containing  the  water  to  be 
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liltert;!,  being  equal  iu  dimensions  to  the  other  three. 
Tlie  bottom  of  the  filter  is  of  solid  sto;ie  or  earthen- 
ware, just  above  wliich  is  an  orifice,  from  Tsliich 
proceeds  a  tube  up  to  the  reservoir  of  water  above. 
This  lowest  eompartment  is  of  small  height;  the 
water  on  entering  it  deposits  its  grosser  impurities, 
which  can,  from  time  to  time,  be  removed  by  a  plug 
provided  for  the  purpose.  Above  this  are  two  reser- 
voirs, the  lower  of  which  is  separated  from  the  one 
below  and  the  one  above  it  hj  fiat  perforated  stones ; 
this  compartment  is  filled  with  charcoal ;  the  second 
eompartment  is  separated  from  the  third  by  a  fil- 
teriug-stouc.  According  to  tliis  arrangement,  tlie 
water,  ou  being  poured  into  the  top  of  the  filter,  is 
strained  through  a  piece  of  sponge ;  it  then  passes 
down  the  tube  into  the  bottom  reservoii-,  where  it 
deposits  its  coarsest  impurities ;  after  this,  in  conse- 
quence of  the  pressure  exerted  upon  it  by  ihe  liquid 
column,  it  iWters  per  ascensum  up  into  the  third  j-eser- 
voir  from  the  bottom,  whence  it  may  be  drawn  off  for 
use.  A  filter  of  this  kind 
c'diibited  at  the  Great  E.\hi- 
bition,  is  shown  in  Fig.  918, 
ill  which  c  is  the  chanuel 
iducting  the   water 


■vv  down  into  a;  it  then 
filters  up  through  B  into  c, 
and  may  be  di'awn  off  at  /. 
By  opening  the  tap  at  //, 
the  accumulated  impurities 
Hi-  91S.  may  be  cleaned  out. 

We.  have  arranged  tiicsc  contrivances  in  chrono- 
logical order,  for  the  purpose  of  showing  who  really 
were  the  first  inventors.  Many  new  patents  have 
oeen  granted  of  late  years  for  very  old  eontrivauces. 
E.iiamples  of  domestic  filters  might  be  multiplied  to 
almost  any  est  cut;  but  we  ^viU  close  this  portion  of 
our  subject  with  a  short  notice  of  the  filters  showu 
m  the  Great  E.\hibitiou,  most  of  which  eoutuiued, 
during  the  siiL  months  that  it  was  open,  to  supply 
the  crowded  assemblies  ^^'ith  an  abundance  of  bright 
sparkling  water. 

Of  late  years,  that  clean  and  beautiful  material, 
slate,  has  been  much  used  for  water-oistcrns.  There 
wcic  five  exhibitors  of  such  cisterns,  some  of  wliich 
were  of  large  size,  and  all  were  furnished  with  self- 


1  of  a  large   self-supplying 


filter.  A  is  a  pipe  funushed  with  a  ball-cock,  through 
which  the  water  to  be  filtered  flews  from  the  mam.  Of 
other  reservoir,  into  B,  the  foul-water  compai'tmeut 
of  the  cistern,  from  which  the  water,  passuig  down 
through  the  filtering  media,  C,  D,  and  E,  consisting 
of  sand  and  vitrified  limestone,  rises  into  F,  the  pure- 
water  compartment  of  the  cistern,  freed  from  its 
meclianical  impurities.  The  filtered  water  is  di-awn 
off  at  G ;  pipes  may  also  be  attached  to  F,  for  sujiply- 
ing  the  kitchen  boiler,  and  other  parts  of  the  house. 
H  is  a  waste-pijic,  to  carry  otf  the  sur]ilus  water,  in 
case  the  action  of  the  ball-cock  should  be  defective. 
I  is  a  cover  to  ihe  whole  j 

cistern.  Fig.  920  is  a 
section  of  the  movable 
domestic  filter,  on  the 

!  same  in-inclple,  the  same 

i  letters   being  used    in 

I  both  cases.     It  should 

I  also  he  slated,  that  some 
of  these  filtersareso  con- 
structed as  to  allow  of 
a  hair-brush,  such  as  is 
used  forcleaiuug  bottles, 
being  introduced  into  a 

chamber  at  the  bottom,  v.  hen,  by  reversing  tlic 
current  of  water,  the  bottom  of  the  filter-bed  may  bo 
cleared  of  mud  iu  a  few  minutes. 

Mr.Beart,  of  Godmancliester,  exlii!)iled  an  apparatus 
for  cutting  thiu  plates  of  saudstone,  or  other  stone, 
and  also  a  saudstone  filter,  containing  5,000  super- 
ficial inches  of  sawn  surface. 

An  elegant  little  saudstone  filter,  acting  by  the 
pressure  of  a  column  of  water,  was  exliibited  in  the 
maiu  western  avenue,  so  arranged  as  to  form  a  foun- 
tain of  filtered  water.  In  the  usual  form  of  this  filter, 
a  hollow  or  porous  stone  filtering  vessel,  made  iu  two 
or  more  parts  cemented  together,  is  placed  in  the 
cistern  of  water  to  be  clarified.  This  stone  is  sur- 
rounded on  all  sides  at  a  convenient  distance  with 
jackets  of  perforated  zinc,  galvanized  iron,  or  wire- 
work.  This  jacket  consists  of  two  surfaces,  the  space 
between  them  being  filled  with  anunal  charcoal.  The 
stone  vessel  is  provided  with  a  tap  and  pipe  for 
drawing  off  the  filtered  water.  This  arrangement  is 
patented  by  Mr.  W.  Laird. 


Aniu 


IS  form 


of  filter  was  ex- 
hibited by  the  Wen- 
ham  Lake  Ice  Com- 
pany, the  invention 
of  Mr.  Alfred  Bird, 
consisting  of  a  sy- 
phon, the  extremity 
of  the  short  limb  of 
which  is  furnished 

taiuing  the  filter,  so 

that    on     inserting 

this  into  a  cistern    ' 

or  water-butt,  and  Py.a2i. 

withdrawing  the  air  by  applying  the  month  to 
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citreinity  of  the  linger  limb,  a  stream  of  filtered 
water  can   be   obtaiuc'd,  whk-k  may  be  arrested  or 

b(_t  -'111^  i)\  i,|.riiii:j  in-  closiug  a  cock  at  tlie  eud. 

A,  ,1,1    lilicr,  exhibited  by  Mr.  Murray, 

(nil  I  .  iich  as  is  used  for  drawiug  oiT 

w.iln  iiu.!!  tioiLH.:,  uiLh  the  filtering  material  packed 
iulo  the  c_\liuJiicai  portion  of  the  same.  It  is  shown 
complete  "in  Eig.  9  22,  Pig.  923  being  a  longitudinal 
scctiou  thereof.  It  consists  of  a  perforated  metal  tube, 
(copper  is  preferred,)  cum  i.  1  ii:'i  >  ,.;1  layers  of 
Uamiel//,  aud  calico  (■'■.     V      >  ;  i  i  ■   |Hii'orated 

tube  are  inserted  ill  meUil  1 :-  .>i        rviremities 

of  the  calico  are  securr  J  i . .  i , , ;  i  ;  i  u   1 1 ,  i  ^ ,  ; , :  .v  ,v,  formuig 

a\vui<  r-ii_iii  la-!. L'.  'iiiclillcriugmediaiuis  there- 

lui.i!,  I,  ,  I  .  ,  I  «  hioh,  as  before  stated,  is  liable 
to  ili       J  li  liiugto  organic  filtering  mate- 

rials; ^^U \,..„LoU.n,.olh  wcieii-icd,  tlii<iiiivcutiou  would 

be  perfuct.J     liut  as  iK.   i  :     ■  :'  'n    .mv  is  mge- 

nious,  we  will  give  Mr.  >!  II ;  I        ii     .     i  ini,  ascom- 

municated  by  him  to  thr  J/. .  ' j;-  /:.;///(■.     The 

metal  rings  are  partly  eoverea  wuii  a  conical  leather 
washer  II,  which  also  ensures  a  water-tight  joint 
between  the  dirty  aud  the  filtered  water.  This  simple 
arrangement,  enclosed  iu  the  outer  case  d  d,  foiras 
the  whole  apparatus.  The  method  of  applyijig  it 
consists  in  attaching  it  to  the  service-pipe  a,  between 
the  cistern  and  the  water-tap  a  ;  thus  bringing  the 


pressure  of  the  column  of  water  from  the  cistern 
into  use.  In  Fig.  923  this  outer  case  is  shown  in 
halves,  the  one  beuig  attached  to  the  serviee-pipe  a 
from  the  cistern,  the  other  having  a  short  service- 
pipe  e  fitted  with  the  tap  a.  The  filtering  tubes  are 
put  into  one  half,  and  the  other  part  is  brought  up 
and  screwed  on  as  at  e.  Fig.  922.  The  water,  flow- 
ing in  the  direction  of  the  arrow,  percolates  through 
the  flannel  and  calico  into  the  space  b  b,  whence  it  is 
drawn  off  filtered  by  the  lesser  tap  b  ;  and  the  water 
for  household  purposes  is  drawn  from  the  larger  tap 
A  after  having  rushed  through  the  tube  t,  the  filter 
being  thereby  cleansed  from  impurities  every  time 
water  is  drawn  from  the  tap  a. 

In  is  remarkable  that  very  few  filters  were  exhi- 
bited iu  the  Foreign  Department  of  the  Great 
Kihibition.  Fnmce  contributed  three;  two  of  which 
were  of  stone,  and  one  of  charcoal.  Sir  W.  T. 
Denisou  exhibited  an  excellent  filter,  made  of  a  drip- 
stone from  Norfolk  Island.  The  rock  from  which 
this  stone  was  obtained  appears  to  be  a  raised  beach 


of  calcareous  grit.  Such  filters  arc  much  used  in 
Van  Dienicn's  Land. 

In  conclusion,  we  may  remark,  that  in  the  labo- 
ratory, unsized  paper  is  almost  exclusively  used  as  a 
filteruig  material.  Other  substances,  such  as  flannel, 
tow,  sand,  pulverized  glass,  flints,  porous  stones,  &c. 
may  occasionally  be  used,  but  their  use  is  exceptional. 
In  the  ninth  section  of  Faraday's  "  Chemical  Mani- 
pulation," ample  dii-ections  respecting  paper  filters 
are  given.  Fig.  924  shows  a  com- 
mon arrangement  for  Cltermg  on 
a  small  scale,  with  filtering  paper 
contained  in  and  supported  by  a 
glass  funnel.  An  arrangement  is 
also  made  for  retamiug  the  liquid 
in  the  filter  at  the  same  height, 
until  the  whole  of  the  liquor  to 
be  filtered  is  expended.  For  this 
pui'pose  the  liquor  to  be  filtered 
is  contained  in  a  flask,  inverted, 
with  the  neck  dipping  into  the 
liquor  alr-eady  iu  the  filter ;  as  the 
liquor  passes  through  and  1 
neck  of  the  flask  becomes  i 
covered,  a  bubble  or  two  of 
enters,  more  liquor  flows  out  ur 
the  neck  becomes  again  covered,  and  aU  Ci 
tion  with  the  air  is  again  cut  off. 

Special  examples  of  filtering  will  be  described  under 
separate  heads.     See  Sugak — Potassium,  &c. 

FIRE.  This  word  is  of  somewhat  extensive  signi- 
fication, and  is  used  iu  various  ways,  but  it  com- 
monly refers  to  an  active  natural  process  attended 
with  the  emission  of  heat  and  light,  and  also  with  the 
decomposition  of  certain  substances  which  are  said  to 
be  burning,  or  in  a  state  of  combustion,  during  the 
process,  and  are  said  to  be  burnt  after  the  termina- 
tion of  the  process.  For  the  nature  of  the  changes 
w  hich  take  place  we  must  refer  to  Carbon — Heat — 
Oxi'GEN:  and,  for  the  various  applications  of  fire,  to  the 
whole  range  of  the  useful  arts;  for  without  fire  they 
could  not  exist,  and  without  an  instinctive  knowledge 
of  its  use,  man  would  scarcely  be  superior  to  the 
lower  animals ;  in  some  respects  he  would  be  their 

FIRE-AEMS,  see  Gun. 
FIRE-DAMP,  see  Co.vi,. 

FIRE-ENGINE,  FIRE-ESCAPE,  aud  FIRE- 
PROOFING.     See  the  next  article. 

FIRES,     CASUALTIES     BY,    EXTINCTION    AND    PKE- 

VENTION  OF.  A  large  city,  like  London,  containing 
300,000  houses,  is  necessarily  liable  to  many  casual- 
tics  from  fire.  In  the  construction  of  these  houses 
much  timber  and  other  inflammable  materials  are 
used ;  the  furniture  is  also,  for  the  most  part,  capable 
of  easy  igrutiou :  our  system  of  warming  leads  to  the 
use  of  a  fire  in  many  rooms,  and  often  in  every  room 
of  the  house;  our  system  of  artificial  illumination 
involves  the  use  of  gas,  lamps,  and  caudles ;  subser- 
vient to  which  are  lucifer-matches,  capable  of  easy,  if 
not  of  spontaneous  ignition;  many  shops  have  also 
considerable  stores  of  spirit,  turpentine,  oil,  fire-wood, 
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ami  even  of  gunpowder ;  dangerous  trades  are  per- 
mitted, or  are  not  forbidden,  in  crowded  districts ;  so 
that  with  these,  and  many  other  causes  of  danger,  the 
safety  of  all  the  inmates  of  a  house  may  depend,  not 
only  upon  the  care  of  each  individual  in  it,  but  also 
upon  the  carb  of  his  neighbours.  Li  the  multifarious 
operations  of  a  household,  of  a  shop,  or  of  a  ware- 
room,  in  which  fire  is  so  largely  concerned  as  a  source 
of  light,  of  warmth,  or  of  heat,  much  vigilance  is 
required  to  restrain  within  due  bounds  the  operations 
of  that  wonderful  agent  which  is  truly  described  as 
"  a  good  servant,  but  a  bad  master."  During  the  day, 
when  people  are  engaged  in  their  accustomed  duties, 
there  is  but  little  danger  to  be  anticipated  from  fire ; 
it  is  at  night,  when  care  .indvigdance  arc  slumbering, 
that  the  di-ead  element,  ceasing  to  serve  and  not 
expiring,  often  becomes  the  imperious  master.  There 
are  probably  few  inliabitants  of  London  who  have  not 
realized  the  startling  effect  of  the  cry  oljire  breaking 
in  upon  the  silence  of  night.  Taken  up  from  mouth 
to  mouth,  we  hear  it  in  the  distance  in  livmg  echoes, 
accompanied  by  the  quick  tread  of  those  who  are 
hastening  to  the  scene  of  danger  and  escitement. 
Tliere  is  a  momentary  lidl,  in  which  neither  cry  nor 
tramp  of  feet  is  heard,  but  soon  we  perceive  a  sound 
like  that  of  roUiiig  thunder,  becoming  louder  and 
louder  every  moment.  We  look  out,  and  see  the 
fire-engine  swiftly  passing  by,  drawn  by  horses  at  full 
gallop,  heeding  not  the  luckless  passenger,  and  giving 
no  quarter  to  other  vehicles.  Men,  and  horses,  and 
vehicles,  all  yield  to  the  fire-engine,  which  is  soon 
beyond  our  sight  and  hearing.  On  proceeding  into 
the  street,  the  red  glow  of  the  sky  immediately 
points  out  the  du'cction  of  the  fire :  we  join  in  the 
general  excitement  and  hurry  forward  to  the  scene. 
A  few  minutes'  quick  walking  will  apparently  bring 
us  up  to  it ;  we  hurry  on,  but  reach  it  not ;  the  red 
glow  in  the  sky  is  stationary,  but  the  streets  between 
it  and  us  seem  to  expand  in  length,  and  at  every  step 
to  increase,  instead  of  dimmishiug  the  distance : 
the  red  glow  in  the  sky  contrasts  strangely  with  the 
pale  yellow  of  the  gas-lamps.  "  Where  is  the  fire  ?" 
One  says  one  place ;  anotlier,  another  more  distant ; 
a  thnd  names  a  spot  still  more  distant.  But  at 
length  we  near  it.  The  streets  are  crowded  with 
people,  the  road  is  wet  with  mud,  the  gutters  are 
overflowuig  with  water — a  regular  succession  of  dead, 
hollow,  determined  blows  shows  that  the  engine  is 
being  worked  by  willing  arms — a  jet  of  water  rises 
up  m  a  crystal  line  briUiantly  illuminated  by  the 
flames  which  are  streaming  up  out  of  the  windows. 
With  some  exertion,  and  with  feet  drenched  with  thin 
mud,  we  get  as  near  as  we  are  allowed  by  the  police, 
who  are  keeping  a  clear  space  for  the  engines  and  the 
firemen.  We  get  near  enough  to  feel  the  uiteusity 
of  the  heat,  and  to  witness  its  effects  in  crackmg  the 
window-panes  of  the  opposite  houses,  and  blistering 
the  paint  on  the  doors.  Every  wmdow,  every  roo^ 
is  alive  with  spectators ;  some  of  the  neighbours  are 
gettmg  out  then-  fm-uiture ;  others  arc  running  about 
distracted;  a  tlm-d  group  are  seated  on  the  pave- 
ment, strickeu  with  teiior.     Contradictorj'  accounts 


are  cnculated  respecting  the  origin  of  the  fire  and 
the  present  condition  of  the  occupants  of  the  devoted 
house.  One  report  (probably  the  true  one)  is,  that 
they  are  all  safely  housed  with  a  neighbour;  another 
report  is,  that  three  persons  arc  missing.  But  the 
din  increases :  other  cuiriues  havuig  arrived,  are  now 
at  work  ui  front  aiul  ia  i!;i'  i ,  ;  r.  Tlie  war  between 
the  two  clcmcu'-  r  ;  :  .  '  :  nil  hour  or  more, 
till  at  length  lire  wli.N  i-  v,ai>i-;  the  flames  no 
longer  discharge  thcii-  rulliug  volumes  of  black  smoke 
into  the  aii-,  nor  light  up  the  sky  with  unaccustomed 
splendoiu-.  Dense  volmnes  of  steam  arising  from  the 
evaporation  of  the  water  are  the  first  signal  that  the 
fire  is  over ;  the  multitude  begins  to  break  up,  and 
soon  the  house  on  fire  is  nothing  more  than  a  wreck 
of  blackened  timbers  and  hoUow  walls. 

The  intense  interest  which  a  house  on  fire  excites 
in  the  population  of  Loudon,  does  not  arise  merely 
from  emiosity  and  love  of  excitement.  We  believe, 
that  in  that  vast  concourse  of  people  there  is  not  an 
individual  who  would  not  work  at  the  engmes  for 
hom's  without  fee  or  reward,  and  although  the  fire- 
ofiices  pay  Is.  an  horn'  for  such  labour,  it  is  gene- 
rally refused,  or  is  expended  in  beer.  Curiosity  and 
love  of  excitement  are  doubtless  great  motors  in 
bringing  together  this  large  assembly ;  but  there  a.r 
higher  elements  at  work.  A  London  fire  is  a  grand 
and  impressive  spectacle,  accompanied  by  a  sufficient 
sense  of  danger  to  impart  to  it  an  excitement  in 
which  every  one  feels  a  personal  interest;  for  the 
fire,  which  in  this  distant  part  of  the  town  may  have 
deprived  a  feUow-creature  of  his  life,  as  it  certainly 
has  deprived  several  families  of  a  home,  and  perhaps 
of  the  whole  of  then-  worldly  goods,  may  some  other 
night  visit  my  neighbour's  house  or  my  own,  and 
kivolve  me  and  those  who  are  dear  to  me  in  sunUar 
ruin.  The  motives,  therefore,  which  excite  this  deep 
interest  in  a  fire  are  of  a  very  composite  character : 
curiosity — love  of  excitement — feelings  of  humanity 
— interest  in  the  safety  and  welfare  of  our  fellow- 
creatures,  no  less  than  admiration  of  the  skiU  and 
courage  of  that  noble  brigade  whose  busmess  it  is  to 
be  ready  at  any  hour  of  the  day  or  night  vrith  their 
own  services,  and  the  means  placed  at  their  disposal, 
for  the  extinction  of  fires  in  the  metropoUs  and  its 
vicinity. 

That  an  organized  staff  of  men,  trained  and  accus- 
tomed to  this  duty,  is  requu-ed,  wiU  be  evident  from 
the  statistics  of  the  London  fii-es.  Pi-om  the  yeai 
1833,  when  the  London  Eire  Brigade  was  organized, 
a  very  accurate  register  of  the  metropoKtan  fu'cs  has 
been  kept.  The  following  extracts  from  the  Eegister 
for  the  years  1833  to  1848  will  show  the  kmd  of 
houses  and  occupations  which  are  most  exposed  to 
casualties  from  fii-e : — 

Apothecaries,  and  dealers  Lu  di'ugs      .     36 

Bakers 2i4 

Booksellers,  Bmders,  and  Stationers     .  137 
Of  these,  96  burnt  gas,  and  the  fires  caused  by  gas 
amounted  to  28. 

Cabmet-makers 156 

Carpenters  and  workers  in  wood     .     .434 
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The  accumulation  of  shavings,  and  their  use  in  the 
ptove,  or  in  heating  the  glue-pot,  account  for  the 
large  proportion  of  fires  in  these  trades. 

Churches 33 

Of  this  number  3  were  totally  destroyed,  10  much 
damaged,  the  remainder  only  slightly.  S  of  these 
fires  arose  from  stoves  and  over-heated  flues ;  2  from 
lightning. 

Drapers,  woollen  and  linen    ....  254 
239  of  these  burnt  gas,  and  140  cases  arose  from  acci- 
dents with,  or   careless  management  of  gas ;     105 
cases  were  very  severe. 

Eire  Preventive  Company      ....      1 
This  arose  from  an  experiment  with  ^fireproof  plaster, 
which  took  fire,  burnt  fui-iously,  and  caused  much 
damage.    Where  was  the  scientific  chemist  which  the 
Company  did  employ,  or  ought  to  have  employed  ? 

Pirework-makers 49 

Much  damage  was  done  in  all  these  cases,  which  ori- 
ginated in  the  nature  of  the  materials  used  in  the 
trade ;  and  these  were  in  some  cases  ignited  by  the 
men  smoking  tobacco,  by  boys  playing  with  fu'c,  or 
from  a  squib  or  cracker  being  thrown  into  the  shop- 
window  "for  a  lark." 

Gas-works 37 

These  are  always  supervised  by  scientific  men,  who 
adopt  many  precautions,  and  have  means  of  preven- 
tion at  hand :  hence  of  these  cases  only  9  were  much 
injured,  and  none  totally  destroyed. 

Grocers 120 

Of  these,  109  burnt  gas,  and  26  of  the  fires  arose 
from  carelessness  therewith. 

Gunpowder-sellers        1 

Knowuig  the  danger,  care  is  taken,  and  there  is  only 
1  fire  in  16  years. 

Lodguigs S68 

Of  these,  368  were  caused  by  the  taking  fire  of  cur- 
tains, linen  airing,  &o. ;  some  were  caused  by  searching 
for  vermin. 

Lucifer-matchmakers 101 

Lunatic  Asylums 2 

Ln  the  one  case,  familiarity  with  danger  induces  care- 
lessness on  the  part  of  the  operatives:  in  the  other, 
pusons  who  ought  not  to  be  trusted  with  fire  are  not 
trusted. 

Printers  and  Engravers 72 

Private  houses 3,352 

Of  this  number  1,302  originated  in  the  taking  fire  of 
curtains,  dresses,  airing  linen,  &c. 

Sale-shops  and  ofiiccs 526 

Of  these,  379  consiuned  gas  ;  and  the  fires  from  this 


e  129. 


S2 


Caused  by  stores,  flues,  cooking,  igi 
smoking  tobacco,  &c. 

Stables 192 

Caused  by  candles,  lucifers,  smoking  tobacco,  intoxi- 
cation, &c. 

Tailors 81 

Of  this  number  17  were  caused  by  gas,  13  by  candles, 
and  some  by  smoking  tobacco. 

Theatres 20 


Of  this  number  8  arose  from  gas ;  others  by  smok- 
ing tobacco,  and  the  taking  fijo  of  curtains,  dresses, 
&c. 

Tobacconists 43 

6  of  these  fires  were  caused  by  gas;  6  by  lucifcr- 
matches ;  others  by  curtains  catching  fire ;  one  was 
caused  by  a  cat,  and  another  by  rats  gnawing  a  box 
of  lucifer-matches,  which  took  fire  under  the  frietior. 
of  the  teeth.  A  cat  is  not  an  unfrequent  cause  of 
fire,  cither  by  upsetting  the  clothes-horse  with  things 
airing,  or,  by  creepmg  under  the  clothes  to  get  nearer 
the  fire,  and  so  dragging  some  of  them  on  her  back 
into  the  kitchen  fender. 

"Victuallers 542 

Of  this  number  21  houses  were  totally  destroyeil; 
167  much  damaged,  and  354  damaged  slightly. 
83  arose  from  flues;  73  from  curtains,  dresses, 
&o.  taking  fire;  65  from  gas;  36  from  smoking 
tobacco ;  35  from  aooidents  with  a  candle.  The 
remainder  arose  from  lucifers,  hot  cinders,  a  spark, 
intoxication,  children  playing  with  the  fii-e,  a  monkey 
ditto. 

The  number  of  fires,  and  alarms  of  fire,  that  occurred 
during  the  fifteen  years  ending  in  1847,  present 
a  continual  increase.  In  1833  they  amounted  to 
458 ;  ui  1834,  to  482 ;  and  so  on  down  to  1847, 
when  they  amounted  to  836.  The  total  number  of 
fires  during  the  fifteen  years  was  9,662,  making  an 
average  of  644.  In  1848,  the  number  of  fires  amounted 
to  805,  showing  in  this  case  (which  is  an  exceptional 
one)  a  decrease  in  the  previous  year  of  31.  In  1849 
the  number  amounted  to  838,  being  an  increase  of 
33  over  the  previous  year.  In  1850  it  was  868,  bemg 
an  increase  of  30  over  the  previous  year.  This  increase 
in  the  annual  average  number  of  fires,  notwithstanding 
the  efficiency  of  the  Eire  Brigade,  must  be  referred  to 
the  rapid  increase  in  the  number  of  houses,  and  the 
increased  use  of  gas  and  lucifer-matches. 

The  following  tabulated  statement  respecting  the 
fires  of  1850  is  copied  from  Mr.  Baddele/s  paper,  in 
the  Mechanic's  Magazine,  on  the  London  Eires  Ln 
1850:'— 
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FIRES-THE  FIRE  BRIGADE. 


Instances  in  wliicli  insii:;>ute3  were  known  ) 
to  have  been  eftccted  upon  the  building      3S1 

On  the  building  onlv HI 

On  the  contents  onlv 77 

868 

False  alarms 91 

Making  the  total  number  of  calls        .        .    1,038 

exertions  of  the  inmates ;  389  were  extinguished  by  the 
inmates,  with  casual  voluntary  aid ;  while  the  suppression 
of  212  devolved  on  the  firemen. 

For  recent  statistics  we  must  refer  to  the  Appendix;  but 
it  may  be  here  stated  that  the  Loudon  fires  of  1861  amounted 
to  1183. 

ordered  by  the  House  of  Commons  to  be  printed,  Sth  May, 
1862,  has  been  issued.     The  substance  of  it  will  be  given 


The  Fire  Brigade  is  supported  by  the  various 
Insurance  Offices  of  the  metropolis,  whose  interest 
it  evidently  is  to  afford  tlie  most  powerful  and  efficient 
assistance,  not  only  in  all  those  cases  in  which  they 
have  undertaken  to  make  good  the  damage  to  a  certain 
insured  amount,  but  in  those  houses  also  which  are 
uninsured,  for  if  these  were  neglected,  they  might 
involve  the  destruction  of  a  whole  neighbourhood, 
insured  and  uninsured  alike.  It  should,  however,  be 
remarked  that  the  firemen  arc  entitled  to  the  rewards 
of  30^.,  20j.,  and  10s.,  for  the  first  three  engines  that 
arrive,  to  be  paid  either  by  the  owner  of  the  house  at 
which  the  accident  happens  or  by  the  parish. 

The  Brigade  is  divided  into  4  sections,  with  19 
stations,  in  the  most  central  quarters  of  the  metro- 
polis, including  two  floating-engines  on  the  Thames. 
The  process  of  getting  the  Brigade  into  activity  is 
described  in  a  spirited  article  contained  in  the  first 
volume  of  Dickens's  Household  Words,  from  which 
we  gather  a  few  particidars.  When  a  fire  breaks 
out,  a  policeman  springs  his  rattle,  and  hurries  off  to 
the  nearest  fire-brigade  station,  giving  information  as 
he  passes  along  to  his  comrades,  one  of  whom  proceeds 
to  the  fire-brigade  station  next  beyond,  while  others 
fetch  the  fire-escape,  which  is  provided  in  every  parish 
by  the  "  Royal  Society  for  the  Protection  of  Life  from 
Fire."  The  fire-engine  kept  by  the  parish  is  also  sent 
for.  On  arriving  at  the  chief  office,  the  policeman  rings 
the  night-bell,  which  is  immediately  answered  by  the 
fireman  on  duty  for  the  night ;  he  inquires  after  the 
locality,  aud  a  few  short  particulars  respecting  the 
fire ;  he  then  pulls  a  bell-handle,  and  applying  his 
ear  to  the  mouth-piece  of  a  speaking-pipe,  soon  hears 
the  voice  of  one  who  is  accustomed  to  be  disturbed 
at  night ;  it  is  that  of  the  superintendent,  who 
answers  from  his  bed,  aud  on  learning  the  particulars 
by  means  of  the  speaking-pijie,  gives  the  necessary 
orders,  immediately  gets  up,  and  in  three  minutes  is 
descending  the  stairs  attired  in  the  thick  cloth  frock- 
coat,  boots,  and  helmet  of  the  Fire  Brigade.  The  men 
below  act  with  equal  promptitude.  No  sooner  is  the 
superintendent  roused  thau  the  watchman  rings  the 
foreman's  bell,  the  engineer's  bell,  and  the  single 
men's  bell,  llic  l.nllcr  to  call  up  four  unmarried  men. 


lie  then  ruus  to  the  stables,  calls  tip  the  charioteer 
by  the  v.ay,  aud  2  other  firemen  lodgmg  close  by,  aud 
then  returns  to  assist  in  gettuig  out  the  horses.  By 
the  time  the  superintendent  has  buttoned  the  last 
button  he  has  arrived  at  the  bottom  of  the  staii-s, 
aud  finds  the  engine  ready  and  iu  working  order, 
with  its  usual  furniture,  implements,  and  tools,  placed 
within  or  packed  about  it,  and  of  ■which  the  follow- 
ing is  an  inventory :  — Short  scaling-ladders  made  to 
fit  into  each  other  attached  to  the  sides ;  6  lengths 
of  hose,  branch  pipes,  dii-ector  pipes,  spare  nozzle, 
suction  pipes,  a  goosc-ueck  for  delivering  water  into 
the  engine,  iron  wi'euches  called  dog's-tails,  a  canvass 
sheet  w  ith  rope  handles  round  the  edge  for  the  pur- 
pose of  catching  people  who  are  bold  enough  to  jump 
out  of  the  window,  which  they  may  do  with  perfect 
safety  when  the  sheet  is  held  by  firemen;  a  dam-board 
for  arresting  the  water  and  giving  it  depth,  a  portable 
cistern,  strips  of  sheep-skin  for  mending  bursting 
hose,  balls  of  cord,  a  flat  rose,  an  escape  chain,  escape 
ropes,  a  mattock,  saw,  shovel,  polease,  boat-hook,  an 
enormous  crow-bar  to  burst  iu  through  doors  or  waUs, 
or  to  break  up  the  pavement,  keys  for  opening  fire- 
plugs or  tm-niug  stop-cooks  of  the  water  mains.  The 
superintendent  mounts  the  engine  to  the  right  of  the 
di-iver ;  the  engineer,  foreman  and  firemen  mount  also, 
and  range  themselves  on  each  side  of  the  long  red 
chest  at  the  top,  which  contains  most  of  the  articles 
above  enumerated.  Well  acquainted  with  all  the 
streets,  and  almost  with  all  the  houses  of  Loudon, 
the  superintendent  directs  the  driver  by  the  very 
shortest  way,  aud  having  arrived  at  the  scene  of 
operation,  he  sees  exactly  all  that  has  happened,  all 
that  must  happen,  that  may  happen,  aud  all  that  may 
be  prevented.  The  nature  of  the  combustible,  the 
direction  of  the  wind,  the  age  of  the  houses,  the 
presence  or  absence  of  party  walls  ;  these  and  many 
other  local  particulars  are  rapidly  generalized,  a  sound 
conclusion  is  at  once  arrived  at,  and  a  plan  of  opera- 
tions decided  on.  Having  ascertained  that  aE  the 
inmates  are  safe  out,  he  orders  3  of  the  engines,  which 
have  now  arrived  from  other  parts,  to  continue  their 
efforts ;  his  own  engine,  and  perhaps  another,  are 
driven  round  to  the  other  side  in  order  to  attack  the 
enemy  front  and  rear.  The  water-plugs  are  drawn, 
the  gutters  flooded,  the  gully-hole  is  covered  over, 
and  a  dam-board  placed  so  as  to  arrest  the  stream, 
the  portable  cistern  is  filled,  and  the  suction-pipes  of 
the  engine  placed  in  it.  Hundreds  of  volunteers  are 
ready  to  work  the  engines  :  20  pair-  of  hands,  10  on 
each  side,  are  required  for  each  engine,  and  such  is 
the  ardour  of  the  pumpers,  and  such  the  wasteful 
expenditure  of  useful  muscular  force,  that  the  engine 
is  frequently  crippled  before  it  has  done  5  minutes 
work.  Two  firemen  are  sent  into  the  house,  no  fire- 
man ever  being  allowed  to  cuter  alone ;  two  others 
enter  below,  and  a  lengthened  hose  is  handed  up  to 
them  with  a  boat-hook  through  the  front  drawiug- 
room  window,  supposing  the  fire  to  have  originated 
iu  the  upper  part  of  the  house.  A  fireman  ascentk 
to  the  room  where  the  iimiates  were  last  seen ;  it  is 
full  of  smoke,  but  on  th-opping  down  and  creeping 
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along  with  his  face  almost  touching  the  floor,  he  gets 
10  or  1 2  inches  of  clear  space,  aud  air  fit  for  respira- 
tion. Many  a  person  who  has  fallen  down  fainting 
with  tiie  heat  and  suffocated  by  the  smoke,  is  thus 
discovered  and  dragged  out  by  tlie  brave  firemen,  is 
liandci.1  to  a  comniile  on  the  stairs,  conveyed  out  uito 
llf  i'j<  II  lii  ;iim1  iviovered.  In  this  way,  also,  the 
III  .      •.«-itliinl0orl2feetoflhefire, 

111;  ;  j'  I  of  water  upon  it,  dashing  it 

nil',  1'  r.  !  :  :  Mnkcncd,  scorched  mass  behind,  aud 
raising  chiu.ls  of  steam.' 

The  men  are  on  the  watch  to  see  that  the  retreat 
is  not  cut  off;  a  chain  attached  to  the  balcony  of  tlir 
drawing-room  secures  escape  in  case  of  need.  All 
the  clforts  of  the  firemen  are  first  directed  to  save 
lifV';  this  being  done,  funiilui'O  is  secured;  if  the 
danger  presses,  the  furniture  is  disregarded,  however 
costly ;  all  efl'orts  are  made  to  preveut  the  fire  from 
extending  to  the  adjoining  houses.  It  is  not  fill  flu; 
molten  lead  is  pourmg  down  from  the  roof,  and  flir 
ceilings  are  falling,  that  the  men  descend  by  flie  iron 
chain.  Drenched  and  nearly  cxliausted,  they  are 
received  by  the  superintendent  and  two  men  below, 
and  are  sent  to  change  their  clothes  and  get  refresh- 
ment. At  length  the  fire  is  subdued;  a  couple  of 
men  are  left  to  watch  the  ruins,  which  are  next  day 
carefully  examined  by  the  superintendent,  wlio  is 
thus  able,  in  many  case?,  fo  defect  tlio  cause  of  the 
fire,  aud  to  recover  ]r,(i|  rif  -  l.-ni.,!  n  ,,lri-  |he  ruins. 
What  is  remarkable  m  .  hn;;!;.  is  tlie 

smallness  of  the  fort .  In  cnatinental 

city,  a  regiment  of  foliiri>  mi.uM  i>:ui,;ih|y  be  em- 
ployed in  putting  out  a  fire  and  preserving  the  peace : 
in  London  the  whole  affair  is  managed  by  a  few  police- 
men, a  few  firemen,  a  crowd  of  willing  volunteers, 
and  a  multitude  of  spectators,  most  of  whom  would 
do  their  best  to  keep  the  peace  and  assist  the  efforts 
of  the  aufhoiities. 

Mr.  Braidwood,  in  his  work  on  Fire-Engincs,'  states 
that  the  operatives  in  certain  trades  make  better 
firemen  than  in  others  ;  for  example,  he  found  that 
slaters  make  the  best  fii-emen,  probably  from  their 
being  accustomed  to  climbing  and  going  along  roofs ; 
house-carpenters  also  make  good  firemen,  from  their 
acquaintance  with  the  construction  of  bidldings, 
which  lead  them  to  know  where  danger  is  to  be 
apprehended,  and,  from  the  appearance  of  the  house, 
where  the  staircase  is  situated,  and  how  tlie  house 


is  divided ;  pltimhers  arc  also  good,  from  being  well 
accustomed  to  climbing,  and  are  also  useful  in 
working  fire-cocks,  covering  tlio  eyes  of  drains 
with  lead,  and  generally  in  the  management  of 
water ;  smiths  are  also  to  be  recommended,  as  they 
can  pei-form  any  rc)Kiir  about  flu;  engine,  &c. 
Plumbers  and  smiths  ;ir,  :.'  n  lu  i;,.|  alilu  fo  bear  the 
heat  and  the  smi.kr  ii  •  iincu;butthe 

operatives    in    all    t  ind   trades   arc 


ich  are  ado|ili li 
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most  useful  rugiue.  lie  shows,  by  quotatious  from 
tlie  ancient  writers,  tliat  the  Romans  had  some  con- 
trivance termed  si/pho.  for  extinguishing  fires,  but  no 
description  thereof  Ir^  '■■  'ii  r-ivi-n.  In  the  building- 
accounts  of  the  pity  ■  '  \  .  '  '  liu^'  date  about 
the  year  151S,  ■'  :i  ;  ;  ilns,"  "  wafer 
syringes,  useful  at  lii>  ,  ,  ■  >,  ,  ; m  ,1.  In  1G57 
Caspar  Schott  des(  I  il  .  '  .  .■  si  XuiTiulnirg, 
which  appears  grcsii,  ■  >         .        .  I  i'         ..l,ru 


feet  I< 
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moved  li\    '       ■  :        <!  a  stream  of  water,  an 

inchindisi ,,        i,.,    ;,.  i-ht  of  80  feet.     Sehott 

does  not  iclcr  to  ii  a?  .1  .lew  invention,  but  states,  that 
40  years  before,  i.  c.  in  1G17,  he  had  seen  a  similar 
one,  but  much  smaller,  in  his  native  city  Konigshofr-n. 
These  engines  were,  however,  vcr.v  imperfect ;  "  they 
had  neithi  I  ,;i;  sir  rli  miMi  1  I  Ills'  :N,  and  required 
a  great    si,    in'..         ■ !.    i  i  i  iliry  consisted 

merely  nf  _  pump  united, 

which  pn.j  I'i'i  !'.■  V  ■.!•  M,!\  111  sjiirts  and  with 
continual  interruption.  Such  machines,  on  each 
movement  of  the  lever,  experience  a  stoppage,  during 
which  no  water  is  thrown  out,  aud,  because  the  pipe 
is  fixed,  it  cannot  carry  water  to  remote  places,  though 
it  may  reach  a  fire  at  no  great  distance,  where  there 
are  doors  and  windows  to  afford  it  a  passage.  At 
the  same  time  the  workmen  arc  exposed  to  danger 
from  the  falling  of  the  houses  Ml  .n,,  sM  n  „  l  re. 
move  from  them  to  a  grpaii  II      'mIi, 

the  maker  of  the  above  cngiis,       i  :  .   ii   a 

fiexible  pipe,  which  coidd  lir  IhiihiI  {•  >■.•.., .\  -iilc  as 
was  necessary,  but  certainly  not  an  air-chamber, 
ofheiTvise  Sehott  woidd  have  mentioned  it.  In  tlie 
time  of  Bclidor,  there  were  no  otlier  engines  in 
France,  and  the  same  kind  alone  were  used  in  England 
in  1760.  Professor  Buseli  at  least  concludes  so, 
from  the  account  then  given  by  Ferguson,  wIio  called 
Newsham's  engine,  which  threw  the  water  out  in  a 
confinued  stream,  a  new  invention." 
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The  inventor  of  the  air-chamber,  tiie  most  im- 
portant characteristic  of  a  fire-engine,  is  not  known. 
In  a  work  puhhshed  by  Pcrrault  ia  1CS4,  an  engine 
belonging  to  the  Royal  Library  at  Paris  is  mentioned 
as  consisting  of  only  one  cylinder,  and  yet  thi'owing 
out  water  in  one  continued  jet  to  a  great  height.  In 
Germany,  Leupold  manufactured  and  sold  a  number 
of  fire-engines  furnished  with  air-chambers,  the  con- 
struction of  which  he  kept  secret  for  some  time,  but 
published  an  account  thereof  in  1720. 

The  invention  of  the  leathern  hose  was  also  a  great 
improvement;  by  means  of  this  hose,  which  was 
capable  of  being  lengthened  or  shortened  at  pleasm-e, 
water  could  be  supplied  to  the  enguie  from  a  distance, 
thus  rendermg  the  laborious  conveyance  of  water  by 
buckets  unnecessary;  the  extremity  of  this  pipe 
which  dipped  into  the  water,  was  furnished  with  a 
metal  strainer  pierced  with  holes  to  prevent  the 
admission  of  dii-t,  and  kept  suspended  above  the 
mud  by  a  piece  of  cork.  By  means  of  the  hose  the 
fire-pipe  also  could  be  properly  adjusted.  This 
invention  belongs  to  two  Dutchmen,  named  Van  der 
Heide,  who  about  1670  were  inspectors  of  the  appa- 
ratus for  estinguislung  fires  at  Amsterdam.  In  1000 
they  published  a  folio  volume  coutaiuing  some  valuable 
engravings,  "  the  furst  seven  of  which  represent 
dangerous  conflagrations  at  which  the  old  engines 
were  used,  but  produced  very  little  effect.  One  of 
ihem  is  the  fire  which  took  place  m  the  Stadthouse  of 
Amsterdam  in  the  year  1C52.  The  12  following 
plates  represent  fires  which  were  extinguished  by  the 
new  engines,  and  exhibit  at  the  same  time  the  various 
ways  in  wliich  the  engiues  may  be  employed  with 
advantage.  According  to  an  annexed  calculation, 
the  city  of  Amsterdam  lost  by  10  fires,  when  the  old 
apparatus  was  in  xise,  1,024,130  florins,  but  in  the 
following  5  years,  after  the  introduction  of  the  new 
euguies,  the  loss  occasioned  by  40  fires  amounted  to 
only  18,355  florins,  so  that  the  yearly  saving  was  98 
per  cent." 

The  English  were  very  slow  in  avaihng  themselves 
of  the  discoveries  of  the  German  and  Dutch  engineers. 
At  the  close  of  the  16th  century,  hand  squirts  were 
in  use  for  extinguishmg  fires;  they  were  made  of 
brass,  of  the  capacity  of  from  2  to  4  quarts.  A 
syringe  capable  of  discharging  two  quarts  of  water, 
was  about  2|  feet  long  and  IJ  inch  in  diameter,  that 
of  the  nozzle  being  haK  an  inch.  Every  syi-inge  re- 
quired 3  men  to  work  it;  one  man  on  each  side 
grasped  one  of  the  two  handles  of  the  instrument 
with  one  hand  and  the  nozzle  with  the  other,  while 
a  thnd  man  worked  the  piston  or  plunger.  In  filling 
it  the  nozzle  was  immersed  in  water  and  the  piston 
drawn  out ;  the  bearers  then  elevated  it  and  dii-ected 
the  nozzle  towards  the  fii-e,  while  the  thnd  man 
pushed  in  the  plunger.  Several  of  these  instruments 
are  still  preserved  in  the  vcstiy-room  of  St.  Dionis 
Backehurch  in  Eenchurch-street,  London.  They  were 
improved  by  heuig  fixed  in  a  portable  cistern,  and 
furnished  with  levers  for  workuig  the  piston;  but 
in  their  best  form  they  were  inefficient  contrivances, 
and  had  very  httle  influence  in  checking  the  extensive 


fires  which  were  so  common  at  and  previous  to  this 
time  in  large  cities,  when  houses  were  built  with 
abimdance  of  timber,  and  instead  of  parly  walls, 
mere  lath-and-plaster  pai-titions,  thus  making  a  whole 
block  of  buildings  like  one  house,  and  entailing  the 
destruction  of  a  whole  neighbourhood  by  fire,  instead 
of  the  single  house  in  which  the  fire  originated. 

The  principle  of  the  fire-engine  wiU  be  understood 
from  the  section,  Eig.  925,  in  which  h  is  the  pipe  or 
hose,  which  is  extended  by  means  of  screw-joints  to 
the  plug  or  cistern, 
whence  the  supply  of 
water  is  obtamed.  This 
pipe  H  communicates 
with  two  valves  v  v, 
which  open  into  the 
pump  barrels  of  two 
forcing-pumps  A  A,  cou- 
taiuing    solid     pi>lL>:  -    :j 

p  p.  The  pistciii  I  : 
of  these  are  conn..  .:  '. 
with  a  workiug-liri.i, 
so  an-anged  as  to  be 
worked  by  a  number  of 
persons  on  each  side. 
From  the  sides  of  the 
pump-barrels  above  the 
valves  V  v,  proceed  force-pipes,  which  communicate 
with  au  air-chamber  c  by  means  of  valves  v'  v' 
opening  upwards  into  it.  Through  the  top  of  the 
air-chamber  passes  a  pipe  e  down  nearly  to  the 
bottom.  To  the  upper  part  of  this  pipe  is  attached 
the  hose  or  jet  used  for  directing  a  stream  of  water 
on  the  fire.  This  an-angement  being  understood,  the 
action  of  (he  engine  wiU  be  apparent.  By  the 
alternate  motion  of  the  pistons  p  p,  water  is  drawn 
through  the  valves  v  v,  and  propelled  through  the 
forcing-valves  v'  v'.  Or  to  confine  our  attention 
for  a  moment  to  one  of  the  pumps :  on  raising  the 
piston  p  in  the  dnection  of  the  arrow,  the  valve  v 
opens,  water  rushes  into  the  cylinder  a  by  the  hose  h, 
following  the  piston  p  as  high  as  it  ascends.  On  de- 
pressing this  piston,  the  valve  v  closes,  thiis  preventing 
the  water  from  returning  into  h  by  way  of  v.  As 
the  water  must  escape  somewhere  from  the  downward 
force  of  the  piston,  it  acts  first  upon  the  point  of 
least  resistance,  which  is  the  valve  v'  opening 
upwards.  The  water  forces  this  open,  and  rashes 
into  the  air-chamber  c.  The  piston  being  then  at 
the  bottom  of  the  cylinder,  again  commences  its 
ascent,  during  which  the  valve  v'  closes,  the  valve  v 
opens,  and  water  rashes  into  the  cylinder  as  before. 
It  is  obvio\is,  that  as  one  piston  is  ascending  while 
the  other  is  descending,  a  continuous  action  is  thus 
kept  up,  and  water  is  always  being  forced  into 
lir-chamber  tlu-ough  one  of  the  two  valves  v.' 
Now  it  is  evident  that  directly  the  water  rises 
above  the  lower  mouth  of  the  pipe  e,  the  air  in 
the  air-chamber  is  completely  shut  in,  and  just  in 
proportion  as  the  water  accumulates,  the  enclosed 
is  compressed ;  the  effect  of  this  is,  that  the  air 
the  air-chamber  acts  as  a  spring  under  constant 
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compression.  Its  clastic  force  DCing  exerted  on  the 
surface  of  the  water,  forces  a  column  of  water  into 
(he  pipe  e,  and  out  through  the  hose  and  jet  attached 
to  it,  with  a  force  depending  partly  on  the  degi-eo 
of  condensation,  and  partly  on  the  elevation  of  the 
extremity  of  the  hose  above  the  level  of  the  engine. 
The  pressure  of  the  condensed  air  has  first  to  support 
a  column  of  water,  whose  lieight  is  equal  to  the  level 
of  the  end  of  the  tube  above  the  level  of  the  water 
ui  the  air-chamber ;  and  until  the  pressure  of  the 
condensed  air  exceeds  what  is  necessary  for  this 
purpose,  no  water  can  spout  from  the  end  of  the  hose ; 
and  secondly,  the  force  of  the  jet  will  be  proportional  to 
(he  excess  of  the  pressure  of  tlie  condensed  air  above 
the  weight  of  the  column  of  water,  whose  height  is 
equal  to  the  elevation  of  the  end  of  the  liosc  above 
the  level  of  the  water  in  the  aii'-vessel.  When  the 
air  in  the  air-chamber  is  condensed  into  half  its  bulk 
at  atmospheric  pressure,  it  will  act  upon  the  surface 
of  the  water  with  double  the  atmospheric  pressure ; 
while  the  water  in  the  force-pipe  being  subject  to 
only  one  atmosplieric  pressure,  there  will  be  an  un- 
resisted upward  force  equal  to  one  atmosphere, 
which  sustains  the  column  of  water  in  the  tube. 
Consecpiently  a  column  will  be  sustained  or  projected 
to  the  heiglit  of  about  33  feet.  When  the  air  is 
reduced  to  one-third  of  its  original  bidk,  the  height 
of  the  jot  will  be  CO  feet,  and  so  on  according  to  the 
iiroportions  shown  in  the  following  table  : — 
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Fire-engines   on  the   above    principle  were    c( 
stnieted  towards  the  close   of  the  17th  century 
France,  Germany,  and  England.     Newsham's  engi 
was  patented  in  England  about  this  time,  and  ct 
tinned  in  use  to  the  year  1S33,  when  tli    ' 
Olhees  of  London,  having   combined  h 
general  tire-engine  establishment,  adopted 
form  of  engine.     Newsham's  engine  consisted  essen- 
tially of  a  strong  oak  cistern,  about  three  times  as  long 
as  it  was  broad,  mounted  upon  four  wheels.  The  pumps 
and  air-vessel  were  enclosed  ni  a  ease,  from  the  top  of 
which  issued  the  jet-pipe.     The  suction-pipe  was  of 
strong  leather,  with  a  spiral  piece  of  metal  running 
throughout  its  lengtli  to  prevent  it  from  collapsing 
as  soon  as  the  air  within  it  became  rarefied  by  the 
first  working  of  the  pump.     One  extremity  of  tliis 
pipe  was  scre\ved  to  a  nozzle  at  the  lower  end  of  the 
cistern,  the  other  extremity  being  furnished  with  a 


strainer  immersed  in  the  walcr.  In  cases  where  the 
suction-pipe  coidd  not  be  used,  water  was  pom-ed  by 
means  of  buckets  into  a  wooden  trough  furnished 
with  a  strainer,  from  whence  it  passed  into  the 
cistern.  A  three  way  cock,  situated  beneath  the 
liinder  trough,  was  turned  according  as  the  water 
was  drawn  through  the  suction-pipe,  or  was  poured 
in  by  hand.  The  piston-rods  were  connected  by 
chains  to  a  double  sector.  Tlicrc  were  two  chains 
to  each  piston,  one  passmg  from  the  top  of  the 
sector  to  the  lower  end  of  the  piston-rod,  the  other 
from  the  top  of  the  piston-rod  to  the  bottom  of  the 
sector ;  the  chains  were  riveted  to  the  sectors,  and 
attached  to  the  piston-rods  by  screw-uuts.  Long 
handles  connected  with  the  sectors  could  be  worked 
on  each  side.  Witli  such  an  enguio,  the  water  could 
bo  thrown  in  a  continuous  jet  to  tlie  height  of  GO 
or  70  feet,  and  -with  sufTiciei^t  v^'fitv  tn  lironk 
windows.     The   engine  was   hi  '    '   ■   i'     lir  t 

introduction;  it  was  pm-ohasi  d  I-  ■  '■  ;i  i  ■  ii.  liy 
the  nobility  and  gentry,  by  the  il;  .t.  ;,!  |.;iii  .'ir  ,  :iiid 
by  the  insurance  companies  founckii  about  this  time, 
viz.  the  Hand-in-Hand,  1G96;  the  Union,  1714; 
and  the  London  Assurance  Company,  1720. 

In  1792  an  improvement  on  Newsham's  cnsine 
was  patented  by  Mr.  C.SimpsMii.  Int  .  :  .ih  ihr 
valves  are  contained  in  separ;it.   i  .      '       ,  I  df 

being  placed  witliin  the  cylimln  ,,  .i  .iii-,.  il;,  su 
that  if  a  valve  shoidd  fail,  it  \\as  uulv  ncccbsiuy  to 
unscrew  and  remove  the  covermg-plate,  when  the 
valve  could  be  got  at  without  disturbing  the  other 

\, .'■,<■  l-.ii!,!.-   (!■  i  :!■■_ . -i   ;i  :' \vhole  engine  had  to  be 


onal  v: 


vof  ( 


e  of 


111,   -    ,  ,  11'',     '1 1.  W.  J.  TiUey  of  London, 

bULii  Ui  I..  ]vii.ii;ii:Liul<il  by  Mr.  Braidwood  in  his 
work  on  rirc-Eugiues.  This  engine  is  furnished  with 
6-inch  barrels,  and  has  a  7-inch  stroke.  The  cistern 
A  is  of  oak,  the  upper  part  b,  and  the  side-boxes  or 
pockets  of  Baltic  fir.  The  sole,  d,  upon  which  the 
barrels  stand,  and  which  also  contains  the  valves,  is 
of  cast-iron,  with  covers  of  the  same  material  screwed 
down,  and  the  joints  made  good  with  leather.  At 
each  end  of  (he  sole  are  brass  pieces,  e,  m  one  of  which 
is  the  suction-cock  r,  and  to  the  other  is  attached  the 
air-vessel  a.  This  is  of  sheet  copper  joined  at  e,  and 
attached  to  e  by  a  screw.  The  exit-pipe  H  is  attached 
to  the  under  side  of  e  by  a  swivel  screw.  The  valves 
I  are  of  brass,  and  ground  true,  so  as  to  be  water- 
tight. The  barrels  K  are  of  cast-brass,  and  the 
bushes  L  of  the  same  material.  The  engine  is  set  on 
four  grasshopper  springs  M.  The  hind  axle  is  kueed 
at  the  cistern.  The  handles,  //,  of  the  levers  p,  are  of 
lancewood.  The  box  s  is  used  for  keeping  wrenches, 
cord,  &c.  It  has  a  false  bottom,  and  the  space  t 
below  it  is  used  for  kcepmg  the  materials  necessaij 
for  a  fire-escape,  a  cham  hddei  of  SO  feet  a  hiije 
canvas  bag,  and  two  strong  belt  TIipI  i  I  c  pt 
in  the  fore  part  of  the  cisteui  \       1        I  M     li 

rectors  and  suction-pipes  aie  i       ■! 

or  pockets.  Tlic  rest  oi  the  t     '   i  I 

about  the  cngnie.     Theic  i     il  i  n  I  ii  t  i    I     kiii„ 
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the  shafts  to  prevent  them  from  interfering  with  the 
wheels  when  the  engine  turns.  The  director  or  jet-pipe, 
Pig.  927,  is  of  copper,  with  a  brass  nozzle.  The  hollow 
screw  at  A  is  made  to  fit  the  coupling-joints  of  the 
hose.  The  joint  b  unscrews  at  c  to  allow  the  jet  to 
be  cleaned  out.  The  interior  should  be  polished  to 
diminish  the  friction,  and  the  orifice  protected  by 
being  sunk  a  little  witliin  the  metal. 

The  Steam  Pire-Eugme  is  an  ingenious  application 
by  Mr.  Braithwaite,  of  the  moving  power  of  steam 
to  the  working  of  fire-engines.  The  mechanical 
arrangement  consists  of  two  cylinders,  the  one  7 
inches  in  diameter,  which  is  the  steam  cylinder,  and 
the  other  6i  inches  in  diameter,  which  is  the  water- 
pump.  Both  cylinders  are  in  a  horizontal  position, 
by  which  means  the  parallel  motion  is  easily  produced. 
The  boiler  is  on  the  construction  and  principle  of 
Braithwaite  and  Ericson's  patent  steam-generator. 
This  engine  will  deliver  about  9,000  gallons  an  hour 
to  a  height  of  90  feet  through  an  adjutage  of  |  inch. 
The  time  of  getting  the  machine  into  action  from  the 
moment  of  igniting  the  fuel  is  18  minutes,  the  water 
being  cold.  As  soon  as  an  alarm  is  given,  the  fire  is 
kindled,  and  the  bellows  attached  to  the  engine  are 
worked  by  hand.  By  the  time  the  horses  are  har- 
nessed in,  the  fuel  is  thoroughly  ignited,  and  the 
bellows  are  then  worked  by  the  motion  of  the  wheels 
of  the  engine,  so  that  on  arriving  at  the  fire,  the 
steam  is  ready.  The  expense  of  fuel  is  estimated  at 
6(/.  per  hour.     [See  Appendix.] 

In  1793,  Mr.  Joseph  Bramah  took  out  a  patent  for 
a  fire-engine  on  the  vibratory  principle.  [See  Pump.] 
This  engine  was  defective  in  action.  It  was  repro- 
duced by  Mr.  Rowntree  in  the  modified  form,  but  not 
very  successfully.  Mr.  John  Barton,  however,  so  far 
improved  upon  these  attempts  as  to  produce  a  tolerably 
good  working  engine,  of  which  a  section  across  one 
end  is  represented  in  Fig.  928.  a  is  the  cylinder  or 
working-barrel  of  brass  or  iron ;  b  is  the  fan  or  piston 
forming  a  radius  of  the  circle,  and  composed  entirely 
of  metal  on  the  expanding  principle,  with  springs  and 
segments  as  in  Barton's  metallic  pistons,  c  c  c  e  are 
4  valves  opening  upwards  ;  d  is  the  air-vessel  with 
the  exit  orifice   at   it?   lower  part;  e  is  the  water- 


cistern  ;  but  this  engine  can  also  be  supplied  from  a 
pond,  &c.,  by  means  of  a  hose.  "This  engine  is 
worked  by  the  elevation  and  depression  of  the  handles 
i  h,  couueetcd  with  the  axis  of  the  fan  b,  which 
vibrates  backwards  and  forwards  in  the  upper  part  of 
the  cylinder,  and  delivers  at  each  stroke  nearly  one- 
lialf  of  its  contents.     The  working  of  the   fan   or 


piston  b  being  air-tight,  tends  to  produce  a  vacuum 
below  on  that  side  of  the  cylinder  a  where  the  handle 
is  elevated,  and  the  pressure  of  the  atmosphere 
causes  the  water  to  rush  up  into  this  space.  During 
this  stroke,  the  air  that  occupied  the  other  side  of 
the  cylinder  has  been  partly  expelled,  and  this  space, 
on  the  second  stroke  being  made,  is  filled  with  water, 
while  that  already  on  the  other  side  of  the  piston  is 
forced  up  into  the  air-vessel,  and  thence  through  the 
exit-pipes  in  a  continuous  jet." 

A  new  form  of  engine  was  patented  a  few  years 
ago,   ny  Mr.  niiite,  of   Salford.     In  this  engine  3 


riEES— THE  riRE-ANNIHUA.TOR. 


G()5 


number  of  small  pumps,  or  working  barrels,  is  sub- 
stituted for  the  large  cylinder.  Each  pump  is  worked 
indepeudently  of  the  others,  and  is  constructed  of  a 
diameter  to  suit  the  power  of  a  single  man,  so  that 
if  only  one  mau  is  at  hind  it  the  commencement  of 
a  fire  1  e  can  im  edi  tely  beg  to  ^  o  k  1  s  po  t  o 
of  tl  c  eng  ne  whereas  a  workmg  tl  e  o  1  a  y  lo 
of  e  3  ue  a  con  Icral  le  u  1  of  nc  s  c  i  ed 
I  the  new  engine  it  s  state  1  tl  t  o  e  an  ca 
tl  ow    atertoalegltof  leOlcct     Tie  jumps  are 

0  nted  on  a  c   cul      t    k  o     cse  vo      a     n  T 
9  J    vh  cl    s     lor       talsecto      f  asctofpunfs 


/  s  the  ta  k  fro  h  1  tl  e  [  ]  c  s  1 1 1  d  t 
3  ou  ted  1  on  vl  els  u  tl  u  1  u  er  to 
f  c  Ity  of  1  ansfort  jtp  e  tl  e  fo  e  p  n  j  s  12 
u  nun  ber  each  ot  vl  ch  s  vo  ke  1  by  a  ei  r  te 
lev  r  ^  n  oving  upon  a  fulcrum  at/  tl  e  a  r  vessel  a 
IS  placed  m  the  centre  of  the  circle  of  pumps,  all  of 
which  discharge  their  water  into  it.  Above  tlie  air- 
vessel  is  a  platform  upon  which  the  firemen  stand. 
Fig.  930  is  a  vertical  section  of  the  au--vessel :  t  is 
the  external  vessel,  on  the  top  of  which  is  a  perforated 
plate  h,  over  which  is  stretched  a  piece  of  vulcanized 
Lidia  rubber  c ;  o?  is  a  hemispherical  vessel  forming  a 
cover  to  the  various  parts,  which  are  well  bolted  to- 
gether. Within  this  last  vessel  the  air  is  compressed 
to  about  two  atmospheres,  or  30  lbs.  on  the  square 
inch,  as  the  elastic  resisting  medium  for  tlie  water  to 
press  against.  By  this  contrivance  the  water  does  not 
come  in  contact  with  the  air,  and  is  thus  prevented 
from  passing  off  from  the  air-vessel  with  a  crackling 
noise  so  often  heard  in  the  working  of  common  fire- 

A  trial  was  made  with  this  engine  at  the  Salford 
Gas-works,  in  December,  1S45.  The  chimney  of  the 
works  is  129  feet  high;  this  was  selected  as  the 
mark  to  show  the  height  to  which  Mr.  White's  engine, 
and  the  Deluge  engine  belongmg  to  the  Town  Council, 
coidd  throw  the  water,  each  being  worked  by  the 
same  number  of  men.  When  Wliite's  engine  was 
set  to  work  with  its  full  complement  of  12  men,  it 
tlucw  the  water  for  a  short  time  several  feet  above 
the  chimney;  when  the  same  number  worked  the 
Deluge  they  could  not  throw  the  v/ater  half  that 
height,  and  even  when  3S  men  were  employed,  they 
could  not  make  the  water  reach  the  top  of  the 
cliunney.     Tlirce  lengths  of  hose  pipe,   about   120  | 


feet  in  length,  and  with  a  five-eiglit  nozzle,  were  then 
attached  to  each  engine,  and  the  result  was  equally 
in  favour  of  Mr.  White's  engine. 

Other  forms  of  flre-engme  might  be  noticed,  such 
Deane's  po  table  e  g'ne  and  watering  pun  p 
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between  tl  e  1  otton  of  tl  e  th 
0  ter  cas  ng  th  s  s  fitted  witl  t 
ng  nto  the  si  ace  between  tl  e  secon  1  a '  1  (i  1 
eyh  le  s  so  tl  t  s  tl  e  metal  e  \  ands  by  tl  e  1 1 1 
cat  0  of  the  heat  vater  wdl  be  forced  up  tl  e  | 
a  d  gbng  w  tl  tl  e  gas  \i  11  sat  ate  t  tl 
moisture ;  the  gas  wiU  then  escape  through  an  open- 
ing at  the  top  of  the  case.  We  are  not  aware  th:it 
this  apparatus  has  ever  been  used  in  extinguishing  an 
accidental  fire;  it  has  been  used  at  several  show  fires 
with  a  considerable  amount  of  success.  It  has  been 
suggested  that  every  house  should  be  provided  with 
a  small  fire  annihilator;  but,  supposing  its  merits  to 
be  admitted,  it  would  be  necessary  to  supply  the 
inmates  of  most  houses  with  sufficient  presence  ot 
mind  to  enable  them  to  use  this  apparatus  with  effect ; 
and  having  presence  of  miud,  tliey  mif;iit  do  \vith(jut 
the  annihilator ;  for,  :i-.  \l:-  I'mM':'.  |i^:l,  ivik.hI.s, 
"of  the  805  fires  in  III.     .  V  i    I-    no 

less  than  577  were  r:,n,.    ,    ,  .  :  i  ,  .     ,   .  :  as 

much  prescuoeof  mind  :i_   ..-ulu  Lc  ilij;i;;i  X  lu  ;4i;-ly 
Mr.  PhiUips's  apparatus." 

Other  plans  for  the  extinction  of  fire  might  bo 
noticed  at  considerable  length,  but  our  space  will 
mly  allow  us  to  refer  to  Sir  WUliara  Congreve's 
)!an,  which  has  been  in  many  cases  adopted ; — namely, 
to  place  large  reservoirs  of  water  on  the  top  of  a 
'lich  pipes  may  descend  to  those 


The  pressm-e  of  water  from  such  a  natural  head  pro- 
duces jets  of  great  power  and  effect  in  extinguishing 
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It  has  been  proposed  to  make  tlie  branch  pipes,  or 
a  portion  of  tliem,  proeeeding  from  a  reservoir  of 
this  kind,  of  fusible  metal,  so  that,  on  the  first  breaking 
out  of  a  fire,  the  pipes  may  melt  and  discharge  water. 
This,  however,  would  bo  of  very  little  use,  unless  the 
fire  happened  to  break  out  in  so  convenient  a  situation 
as  lo  receive  the  jet  of  water  directly  upon  it. 

We  may  here  also  refer  to  Mr.  Rutter's  ingenious 
(ircalarum.  An  alarum  apparatus  is  placed  in  the 
slet^ping-room  of  the  master,  overseer,  or  watchman, 
and  a  galvanic  battery  in  some  other  convenient  apart- 
ment. A  thermometer  is  also  placed  in  every  one  of 
tlic  apartments  and  passages  of  the  house  or  building, 
and  a  double  series  of  copper  wires  so  laid  throughout 
the  premises,  that  on  a  given  rise  of  any  one  of  the 
tlu-nnometers,  it  shall  immediately  put  the  wires  in 
communication  with  the  battery  and  alarum  apparatus, 
and  so  brmg  the  latter  into  action.  The  tliermo- 
iiirliTs  are  so  constructed  l!i;ii  iii>  i  i:".'  -«  :i  at  is 
1.1  iiu-il,  by  means  of  platinum  \,  -iruted 

I  :iri^  of  the  copper  wires  I.  :         ,     :  i.i  the 

meters  are  acted  on  by  a  certain  amount  of  heat,  so 
as  to  cause  the  expansion  of  the  air  or  other  elastic 
substance  within  them,  the  current  of  electricity 
cannot  pass  from  one  part  of  tlif-  cnpiirr  v.-iir  to  the 
other;  but  as  soon  as  this lir:.i  :  '       ncury 

in  the  thermometers  produf'  .  >  t:illic 

circuit,  and  an  electrical  cum  1,1  -;,    i  pi-^.      Iiibhort, 

;  ::r  >- .i  i:i  :il  nirii'iit  ;  :,ii.in;il;,  111  r.iscs  where  great 
l;r-t  ]■  |,i<„liir.',l  ur:ii'  iiir  iii^i  I'll  I ,  ii 'ut  is  thccircuit 
clnsnl,  iiuil  ihr  alaruiu  apparaliis  m4  off.  The  alarum 
may  be  similar  to  that  described  under  Electkic 
Telegraph,  Kg.  817. 

We  come  now  to  the  second  part  of  our  subject, 
which  leads  us  to  notice  a  few  of  the  innumerable 
■ontrivances  invented  for  the  pui-pose  of  saving  life 
and  property  from  fire.  The  most  obvious  forms  of 
FiKE-EscAPK  are  ladders.  These  are  provided  by 
many  parishes  in  London,  and  are  hiuig  up  horizon- 
tally under  a  wooden  cover  by  the  side  of  the  church. 
rhey  are  made  of  difi'erent  lengths,  to  reach  a  first, 
second,  third,  or  foui-th  story.  Tlie  largest  kinds 
are  sometimes  furnished  with  guides,  or  hand  rails, 
and  also  with  contrivances  for  raising  them ;  one  of 
which  is  a  short  conical  iron  tube,  jointed  to  one  of 
t,iie  upper  rounds  of  the  ladder;  a  long  pole  fixes  into 
liiis  tube,  and  affords  great  facility  in  raising  the 
ladder.  Another  form  of  ladder,  already  noticed, 
and  to  be  recommended  for  its  portability  and  con- 
venience, consists  of  short  lengths,  8  or  9  feet  each, 
fitting  into  each  other  to  any  required  length,  by  a 
strong  simple  joint,  in  the  same  way  as  scaling- 
ladders.  In  Gregory's  ladders  the  two  parts  or 
lengths  are  made  to  slide  one  upon  the  other,  and 
can  be  sustained  at  any  required  elevation :  a  cradle 
is  attached  for  the  rescue  of  timid  or  infirm  persons. 
Wire  chain  ladders,  and  rope  ladders  with  wooden 
steps,  have  been  arranged  in  a  variety  of  forms  as 
fire-escapes.  One  of  the  most  ingenious  is  Adam 
Young's.     This  is  a  rope  ladder  with  wooden  rounds. 


at  the  top  of  which  is  a  hooked  frame  for  catching 
into  the  window-sill.  In  order  to  raise  these  hooks 
up  lo  the  window-sill,  the  rounds  fit  together  so  as 
to  form  a  pole,  each  round  being  formed  with  a  pro- 
jecting pin  at  one  end,  and  a  socket  at  the  other ;  so 
that,  by  fitting  the  pin  of  one  round  into  the  socket 
of  the  previous  round,  the  hooks  are  gradually  raised 
until  they  catch  the  window  sill,  a  single  jerk  or  pull 
at  the  lower  end  then  disconnects  the  staves  from  one 
another,  and  they  fall  into  their  places  as  rounds  of 
the  ladder,  while  at  the  same  moment  the  rope  sides 
become  distended.  Gregory's  rope-ladder  escape  is 
supported  on  the  window-sill  or  parapet  by  a  hook 
composed  of  two  sides,  or  arms,  bent  so  as  to  re- 
semble the  external  figure  of  the  human  ear,  and 
hence  called  an  ear-hook:  the  two  sides  are  held 
together  by  three  horizontal  iron  rails,  the  rope  ladder 
is  attached  to  the  hook,  and  a  sliding  cradle  is  also 
arranged,  the  rope  by  which  the  cradle  is  worked 
passing  over  the  central  bar  of  the  hook. 

Among  the  simplest  forms  of  portable  fire-escape 
is  a  good  strong  rope,  with  a  hook  or  loop  at  the 
end,  by  which  it  may  bo  fastened  to  a  bed-post,  so  as 
to  enable  an  active  person  to  descend,  a  partial  foot- 
ing being  found  in  the  inequalities  of  the  wall.  The 
descent  is  greatly  facilitated  by  having  the  rope 
knotted  at  intervals  of  about  a  foot,  the  knots  enabling 
the  hand  to  grasp  the  rope  securely.  A  common  bed- 
cord  is  usually  strong  enough  to  support  the  weight 
of  a  stout  man;  a  quarter-inch  rope  will  readily 
support  2  owt.  or  three  times  that  quantity  if  new 
and  good.  By  attaching  a  sack  to  the  end,  and  pass- 
ing the  rope  once  or  twice  round  a  bed-post,  women 
and  cliildi-en  may  be  lowered  into  the  street.  In  the 
Great  Exhibition  were  two  or  three  forms  of  fire- 
escape  adapted  to  the  bed-room ;  in  one  form  a  wire- 
rope  was  coded  up  upon  a  drum  contained  within  an 
ordinary  dressing-table,  a  handle  attached  to  the  axis 
of  the  drum  allowing  the  rope  to  be  gradually  let 
down  or  wound  up.  In  another  form  a  strong  staple 
is  attached  to  the  window-sill  for  holding  a  pulley, 
the  rope  of  wluch  has  a  small  wooden  seat  or  cradle 
attached  to  it,  so  that  a  person  might  let  himself 
down  with  a  second  person  in  his  lap  merely  by 
holding  the  rope,  and  allowing  it  to  pass  with  regu- 
lated speed  through  his  hands.  By  the  same  appa- 
ratus he  could  also  ascend  to  the  bed-room  m  order 
to  rescue  another  individual.  Wlien  not  in  use,  the 
pulley  with  its  rope  and  cradle  may  be  kept  under 
the  bed,  or  in  the  dressing-table.     Many  of  the  port- 


able fire-escapes 
house,  have  been 
of  cstablishiim  ; 
danger.  This,  h 
rods  G  or  8  fnl 
rod,  or  bayonet  j( 
the  firemen  use  a  i 
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i:v',,|  ra'in-  In  libliiiig- 
r  screws.  Li  Edinburgh 
and  a  three-ounce  leaden 
bullet  attached  to  a  cord  130  feet  long.  The  bullet 
and  cord  are  thrown  over  the  house  by  the  cross, 
bow :  to  this  cord  a  stronger  one  is  attached,  and 
drawn  over  the  house  by  the  fonner,  and  so  on,  until 
a  chain  ladder  or  escape  is  elevated. 


I'UIES— i'mE-ESCvU'ES-1'lRE-PROOFING. 


G67 


Of  the  larger  kiuds  of  ijortable  Crc-escapcs,  tlio 
most  efficient  is  the  carriarje  ladder.  lu  1S09  Mr. 
John  Davics  submitted  to  the  Society  of  Arts  a  fire- 
escape  consisting  of  3  ladders  connected  to,  and 
sliding  upon  each  other  by  means  of  ropes  worked  by 
a  small  windlass.  A  second  windlass  raised  and 
lowered  a  cradle  supported  by  ropes  passing  over 
pulleys  at  the  top  of  the  uppermost  ladder.  This 
mac-hine  was  mounted  upon  a  low  four-wheeled  truck, 
drawn  by  a  horse,  or  by  6  men.     This  escape  was 


bci 


1,   &<i. 


ncing  brought  into  the  vertical  position,  or  nearly  so, 
are  raised  by  a  small  windlass  in  front  of  the  machine 
to  any  required  height  between  10  and  40  feet ;  the 
ladders  are  then  iuclined  towards  the  window,  upon 
llie  sill  of  which  the  top  may  be  made  to  rest.  A 
greater  elevation  than  40  feet  may  be  obtained  by 
means  of  joints,  to  be  carried  up  and  fixed  at  flic 
top.  A  cradle  is  also  used  ^vith  this  machine  for  the 
ijonefit  of  those  who  cannot  descend  ladders. 

Our  limits  will  not  allow  us  to  devote  more  syiaee 
to  the  description  of  fire-escapes.  We  are  cnu  ,-;i 
of  havhig  omitted  many  meritorious  forms;  l- 
reader  who  is  desirous  of  studying  the  suKp  .  \ 
referred  to  Mr.  Baddeley's  excellent  article  in  lli  Ijc  i  i  s 
"  Engineer's  and  Mechanic's  Encyclopa;dia,"  vol.  i. 
1S3S,  to  the  volumes  of  the  Meehanic's  Magazine 
since  that  date,  and  also,  to  the  Transactions  of  the 
Society  of  Arts.  People  are  generally  indifferent  to 
this  subject  untU.  danger  actually  threatens ;  but  it 
would  be  at  least  prudent  that  the  occupant  of  every 
bed-room  should  ascertain  what  are  the  facilities  for 
ascending  to  the  roof,  and  passing  to  that  tf  his 
neighbour.  In  detached  houses  internal  means  of 
escaping  through  the  windows  ought  to  be  provided, 
but,  as  Mr.  Baddeley  remarks,  "people  rather  choose 
fo  trust  to  the  chance  of  obtaining  external  aid." 
If  this  should  not  be  afforded  in  time,  "egress  can 
sometimes  be  made  at  the  top  of  a  house,  either  by 
a  (li)i)r,  or  Ijy  an  opening  made  in  the  roof  with  a 
poker  for  the  pui'pose.  Sheets  and  blairlcets  tied 
fij-rllKM-,  and  fastened  to  the  bed-post,  or  the  bed- 
cords  attached  in  the  same  way,  afford  the  means  of 
descending;  the  feather-bed,  &c.  thrown  out,  serve 
to  break  the  fall  when  jumping  from  the  window,  as 
the  last  alternative.  With  a  little  contrivance  women 
and  children  may  be  lowered  by  means  of  the  bed- 
clothes. Upon  these  occasions  aU  depends  upon  the 
persons  in  danger  retaining  so  much  presence  of 
mind,  as  will  enable  them  to  avail  themselves  of  the 
best  means  in  their  power:  and  it  often  happens 
that  pressing  danger  develops  a  great  deal  more  in- 
genuity and  intrepidity  in  individuals,  than  they  have 
pi'cviously  taken  credit  for." 

The  third  part  of  our  subject  relates  to  the  pre- 
vention of  fires.  The  methods  proposed  for  ac- 
complishing this  desnable  end  arc,  to  make  houses 
firc-proof  either  by  coating  the  timber  with  some 


substance  which  would  render  it  less  iuflanmiable,  oi 
to  reject  combustible  subst;mces  altogether  in  house 
building. 

In  1775  5L-.  Hartley's  method  of  rendering  houses 
fire  proof,  was  encouraged  both  by  a  patent  and  a 
parliamentary  grant.  Thin  ii'on  plates  were  nailed  to 
the  top  of  the  joists,  the  edges  of  the  sides  and  ends 
being  lapped  over,  folded  close,  and  hammered  to- 
gether. It  was  proposed  to  protect  partitions,  stairs, 
and  floors  in  the  same  manner.  The  plates  were  so 
I'liii  :i-  to  allow  the  floor  to  bo  nailed  to  the  joists 
'  iial  manner,  and  to  prevent  the  plates  from 
lliiY  were  varnished  with  oil  and  turpentine. 
r:.i-  ;  :i  ihod  did  not  survive  its  inventor,  nor  was  it 
likely  to  have  been  very  successful,  for  when  it  is 
considered  that  iron  is  a  combustible  requiring  only 
a  higher  temperature  than  wood  for  its  destmction, 
we  cannot  suppose  that  any  great  amount  of  security 
is  to  be  obtained  from  thin  iron  plates  covering 
massive  timber  framing. 

The  Earl  of  Stanhope,  among  his  numerous  me- 
chanical contiivanecs,  had  a  method  of  firc-proofiug 
which  consisted  in  the  use  of  a  non-combustible  mate- 
rial, with,  among,  and  between  the  timbers  used  in 
tlie   IVame-work  of  a  hou.sc.     Uis  iiietlaids  air  dc- 


each  siile  of  every  joist,  and  of  every  main  timljer 
supporting  the  floor  which  is  to  be  secured.  Other 
similar  laths  are  then  to  be  nailed  along  the  whole 
length  of  the  joists,  witli  their  ends  butting  against 
each  other.  The  top  of  each  of  these  laths,  or 
fillets,  ought  to  be  1 5  inch  below  the  top  of  tire 
joists,  or  timbers,  against  wliich  they  are  nailed,  so 
as  to  form  a  small  ledge  on  either  side  of  the  joists. 
These  fillets  are  to  be  well  bedded  in  a  rough  plaster, 
so  as  to  leave  no  interv.al  between  them  and  the 
joists,  and  the  plaster  is  to  be  spread  on  the  tops  of 
all  the  fillets,  and  along  the  sides  of  that  part  of  the 
joists  between  the  top  of  the  fillets  and  the  upper 
edge  of  the  joists.  In  order  to  fill  up  the  intervals 
between  the  j-e'-  dr'^  ■■ni';'  ■:'  lin'  i'""'-,    !;.mI  |,i>',--i>s 

direction  to  ih-  J-i-i-;  ■■■■nii  ''l-'-e  |M_;rili,T  m  :i  \.,\\  so 
as  to  be  in  contact;  their  cuds  must  rest  upon  the 
fillets,  and  they  ought  to  be  well  bedded  in  the 
rough  plaster,  but  not  fastened  with  nails.  They 
must  then  be  covered  with  one  thick  coat  of  the 
rough  plaster,  which  is  to  be  spread  over  them  to  the 
levels  of  the  tops  of  the  joists,  and  in  a  day  or  two 
this  plaster  should  be  trowelled  over  close  to  the  side 
of  the  joists,  without  covering  the  tops  of  the  joists 

In  double-flooring  the  fillets  and  short  pieces  of 
laths  are  applied  as  above  directed ;  but  the  coat  of 
rough  plaster  ought  to  be  little  more  than  half  as 
thick,  and  while  being  laid  on,  some  more  of  the 
short  pieces  of  laths  must  be  placed  in  the  intervals 
between  the  joists  upon  the  first  coat,  and  be  dipped 
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deep  iu  it.  They  slwuld  be  laid  as  close  as  possible 
to  each  other,  and  in  the  same  dii-ection  with  the  first 
layer  of  short  laths.  Over  this  second  layer  of  short 
laths  must  be  spread  another  coat  of  rough  plaster, 
which  should  be  trowelled  level  with  the  tops  of  the 
joists  without  rising  above  them.  The  rough  plaster 
may  be  made  of  coarse  lime  and  hair,  or  chopped  hay. 
One  measm-e  of  common  rough  sand,  2  measures  of 
slacked  lime,  and  3  of  chopped  hay,  will  make  a  good 
rough  plaster.  It  should  be  made  pretty  stiff,  and 
when  the  flooring  boards  arc  to  be  laid  down  soon,  a 
fourth  or  fifth  part  of  quick  lime  in  powder  should 
be  added,  which  will  cause  it  to  dry  quickly.  When 
dry,  should  any  cracks  appear  in  the  rough  plaster 
near  the  joists,  they  are  to  be  stopped  with  a  mortar 
wash.  Before  the  flooring  boards  are  laid,  a  small 
quantity  of  dry  sand  should  be  strewed  over  the 
plaster  work,  and  struck  smooth  with  a  hollow  rule, 
moved  in  the  direction  of  the  joists,  so  that  it  may 
lie  rounding  between  each  pair  of  joists.  The  plaster 
work  and  sand  should  be  quite  dry  before  the  boards 
are  laid.  The  method  of  under-flooring  may  be  applied 
to  a  wooden  stair-case,  but  uo  sand  is  to  be  laid  upon 
the  rough  plaster  work.  The  method  of  extra- lathing 
may  be  applied  to  ceiling  joists,  to  sloping  roofs,  and 
to  wooden  partitions. 

The  third  method,  inter-secui-ing,  is  very  similar  to 
that  of  under-flooring ;  but  no  sand  is  to  be  laid 
This  method  applies  to  the  same  parts  of  a  building 
as  the  method  of  extra  lathing. 

We  notice  these  and  some  other  methods  without 
attaching  much  importance  to  them.  Timbers  coated 
with  plaster,  houses  covered  with  fire-proof  paint, 
soluble  glass,  and  similar  compositions,  are  not  ii 
many  cases  better  calcidated  to  resist  fii-e  than  ordi 
nary  houses.  If  the  house  really  contain  a  large 
quantity  of  goods  and  furniture,  &c.  of  au  inflam- 
mable kind,  and  the  fire  once  obtain  the  mastery 
them,  we  believe,  notwitlistanding  the  sham  fire  trials 
got  up  by  the  inventors  of  some  of  the  fire-proof  nos- 
trums, that  the  house  will  share  iu  the  destruction  of 
the  goods.  Indeed,  we  have  had  melanclioly  proof,  that 
a  house  built  of  brick,  iron,  and  stone,  to  the  exclu- 
sion of  timber,  cannot  by  any  means  be  said  to  be 
fire-proof,  when  the  goods  contained  in  it  are  inflam- 
mable. But  we  shallrelurn to  tliis  subject  presently. 
A  plan  for  the  construction  of  floors  and  roofs  has 
lately  been  advanced  by  Messrs.  Fox  and  Barrett, 
who  propose  to  substitute  for  the  timber  usually 
employed,  joists  of  iron,  and  successive  layers  of  in- 
combustible materials,  the  floors  being  finished  with 
a  smooth  and  uniform  surface,  and  the  roofs  with  a 
coating  of  coal  tar,  paper  and  sand,  the  ordinary 
luuber  and  slate  roof  being  entirely  superseded.  The 
mode  of  finishing:  r':l  r'  t'^^  11  lui-  or  the  roof  may, 
however,  depenil   >    c'l  a  surface  of  wood, 

straw,  tile,  ceiiin /  .■  i  il,  being  readily 

adapted  to  tin-  li  '  lina  on  which  it  is 

laid.     T!  "!  will  be  understood 

from  1"  -    '   'I'M:     '         <      III      -  -rction  one  of  the 
flooisaal  Tl       n  :  1 1. ■  of  the  T  shape, 

reversed  ;  t'aj.  ;  a  '    ilia    _,     f  ij  inches  on  each 


wall,  the  ends  being  dove -tailed  to  form  a  suEBoient 
tie.  The  strips  which  bear  upon  the  flanges  are 
generally  formed  of  wood ;  but  their  ignition  is  said 
to  be  impossible,  from  the  nature  of  the  construction. 


The  coat  of  coarse  mortar  m  is  laid  on  about  an  inch 
thick,  and  fonns  a  bed  for  the  concrete  c  above,  and 
together  with  the  btrips  w,  a  key  for  the  ceiling  p  below. 
The  layer  of  concrete  is  about  5  mches  thick,  and 
may  he  formed  of  such  materials  as  the  locality  of  the 
building  most  readily  supplies ;  road-grit,  or  clay  from 
the  foundation,  mixed  with  a  small  portion  of  lime 
to  bind  it,  answers  well :  gravel,  burnt  earth,  clinkers, 
or  broken  brick,  may  also  be  used.  The  finished 
floor  p  is  formed  of  a  composition  of  lime  and  sand, 
well  tioweUed  up  to  a  face,  and  coated  with  linseed 
oil,  which  renders  the  surface  hard,  tough,  and  durable, 
and  non-absorbent  of  moistm-e.  The  roofs  are,  for 
the  most  part,  flat,  and  differ  oidy  from  the  floors  in 
the  method  of  finibhing  the  surface.  The  ceilings  are 
applied  ui  the  ordinary  way,  except  that  the  usual 
ceihng  laths  are  not  required.  The  advantages  of 
this  plan  arc  stated  to  be  protection  from  fire,  economy 
of  construction,  (the  cost  being  said  to  be  from  10  to 
25  per  cent,  less  than  the  ordinary  method  of  flooring,) 
mcreased  durability,  security  from  tlie  attacks  of 
dry  rot,  and  from  insects  and  vermin.' 

A  plan  proposed  by  Jlr.  Frost  for  the  floors  of 
rooms  was,  to  use  hollow  earthenware  tubes  imbedded 
in  cement,  so  combined  as  to  cover  the  whole  floor. 
The  tubes  are  about  2  feet  long,  square  in  section, 
about  It  inch  on  the  side,  externally,  with  a  tubular 
space  of  Ij  inch  on  the  side,  intemally.  In  forming 
a  floor  of  these  tubes,  the  centering,  after  being  pre- 
pared and  fixed  in  the  usual  manner,  is  first  covered 
with  a  coating  of  cement  sufBcicntly  fine  to  form  the 
ceiling  of  the  apartment  to  be  floored  over,  and  if 
ornaments  are  required  in  this  ceiUng  or  its  corni( 
moulds  for  them  are  placed  in  the  centering,  so  as 
form  a  part  of  it.  One  or  two  coats  of  cement  having 
then  been  laid  over  the  centeiing,  a  stratum  of  square 
tubes  laid  side  by  side,  and  brcakinsr  joiut,  is  ii 

bedded  in  fine  cement,  aial  ti ,.-ia,-,  lietwecn 

them  are  filled  iu  with  tha'  ■  >'.  lucoatmg 
of  cement  is  then  laid  "va,  .,>  ■, .,  ,,  -  i.iuiii;  and 
in  a  week,  when  tliis  is  iLy,  auuiiiar  sinilum  of  tubes 
is  laid  over  the  first  in  a  contrary  direction,  bedded 
and  filled  in  with  cement  as  before,  and  finished  with 
a  coating  of  the  same  material.  This,  when  dry,  may 
have  a  second  coating,  to  serve  as  the  floor  of  an  upper 
apartment,  or  the  covermg  of  the  roof,  as  the  case 
may  be.  


FIRES— riKE-PllOOFIKG. 


The  following  general  directions,  for  the  construc- 
tiuu  iif  i;ic-[,ri.i'f  hnuM/o  of  sii:all  size,  are  given  by 
Mr  l.nii  '  :-  .  ,  lii-  'Ci.:  ::.  1  a  of  Cottage,  Farm, 
:ni.l  \  ,  .        !,  ,    1S33— 1842).  Tlio 

11"'  '   ..  IS   ;iiid  cement,  and 

cuvlilJ  v,.i.i  u.i...!iiLi.;,.l  I. Li,  or  flooring  maybe 
made  of  comiiositiou,  and  polished  in  imitatiou  of 
scagliola  or  artificial  marble.  Tiie  roofs  may  be  made 
flat,  and  covered  with  common  cement,  and  the  outer 
walls  of  the  biiildiiig  may  be  tied  together  in  all  di- 
rections by  WTOught-iron  rods  made  fast  to  stone 
bond,  as  broad  as  the  wall  is  thick,  the  stones  cramped 
or  dovetailed  together,  and  carried  completely  round 
the  walls,  about  the  level  of  the  centre  of  each  floor. 
The  netting  or  lattice-work  of  iron  rods  connected 
with  this  chain  of  stone  bond  being  thickly  imbedded  in 
cement,  and  cased  with  strata  of  flat  tiles,  would  be  kept 
from  extremes  of  temperature  throughout  the  year ; 
so  that  the  difference  in  their  contraction  and  expan- 
sion during  summer  and  winter  wordd  be  of  no  prac- 
tical importance.  Every  floor  of  a  house  thus  formed 
woidd  be  in  eilect  a  single  flagstone,  and,  as  the  iron 
rods  would  be  prevented  from  oxidising,  it  would 
probably  last  for  ages.  It  is  easy  to  conceive  the 
skeleton  of  an  enture  house  thus  constructed;  the 
Ijcrpcudicular  supports  being  brick  or  stone  piers,  3, 
i,  or  G  feet  apart ;  the  horizontal  bonds  on  these  sup- 
ports of  flagstone,  of  the  width  of  the  intended  thick- 
ness of  the  walls  or  partitions,  and  all  the  horizontal- 
floors  or  vertical  panels  of  iron  rods  and  wires  covered 
on  one  or  both  sides  with  plain  tiles  coated  with 
cement.  Even  the  staii'cases  might  be  so  constructed 
and  covered.  In  the  case  of  the  floors  of  rooms,  square 
or  nearly  so,  there  might  he  circles  of  tlxin  flat  cast- 
iron  laid  on  the  horizontal  rods,  and  made  fast  to  them, 
which  would  serve  as  struts ;  and  oblong  rooms  might 
have  two  or  more  cast-iron  circles,  or  ovals,  with 
plates  of  cast-iron  in  the  direction  of  their  short 
diameters,  to  serve  the  same  purpose.  The  outer 
walls  might  have  double  panels  of  wrought-iron  rods 
and  wires,  with  intervals  between,  so  as  to  fonn  hollow 
walls;  so  that  houses  constructed  in  this  manner 
might  be  rendered  equally  impermeable  by  cold  or 
heat  as  those  with  thick  walls,  or  with  hollow  walls  of 
masonry.  There  would  be  no  objection  to  houses  of 
I  his  description  having  all  the  doors  and  windows 
-'Vamed  of  timber,  provided  the  panels  and  astragals 
wci-e  filled  in  with  iron.  As  the  iron  rods  and  wires 
need  not  be  of  great  diameter,  (perhaps,  in  ordinary 
cases,  of  half  an  inch  for  the  rods,  and  one-eighth  of 
an  inch  for  the  wires,  and  half  an  inch  in  thickness 
with  3  inches  in  breadth  fjr  llie  cast-iron  circles,)  the 
expense  even  for  the  smallest  house  would  not  be  an 
insuperable  objection.  AVcrc  the  attention  of  the 
Icgislatm-e  turned  to  this  subject,  with  the  view  of 
protecting  those  who  at  present  cannot  protect  them- 
selves,— we  mean  dwellers  in  town  houses  of  ihe 
commoner  kinds, — the  Goverimieut  would  pi  '  i 
direct  expeiiments  to  be  made  so  as  to  Ijiihl  i 

mode  of  construction,  or  some  similar  mode,  t  (j  a  > :  >  ^  1 1  (   I 
of  perfection  which  would  soon  render  it  gcuural.         i 

Attempts  have  been  made  to  render  houses  fire-  | 


proof  ^vithout  abolishing  the  use  of  timber  in  their 
construction.  It  has  been  proposed  to  make  the 
timber  itself  indestructible  by  fire,  for  which  purpose 
Mr.  Payne,  whose  wood-preserving  process  is  well 
known,  has  patented  a  method  for  rendering  timber 
fire-|)roof  by  means  of  a  solution  of  sulphuret  of  barium 
or  calcium.  The  wood  or  other  vegetable  matter  is  put 
into  an  au--tight  vessel,  from  which  the  air  is  driven  out 
by  means  of  steam  :  the  steam  is  condensed  by  the  in- 
j(  i  i;  I  f  )',  ■  'iilion  of  the  sulphuret,  and  by  the 
ap  .  ::  -I  V,  at  er  to  the  outside  of  the  vessel. 
A  i  :       Im  mg  thus  obtained,  the  solution  is 

all  ,..'1  i<i  ]]'.'.  iiiio  the  vessel  from  the  reseiToir 
eoulainiiig  it  through  a  pipe  fiu-nished  with  a  stop- 
cock. Tlie  stop-cock  is  then  closed,  and  an  air-pump 
connected  with  the  vessel  is  worked  until  as  perfect  a 
vacuum  as  possible  is  obtained  within  the  vessel.  The 
cock  is  again  opened  so  as  to  allow  the  solution  to  fill 
the  vessel  nearly.  It  is  then  shut,  and  by  means  of  a 
force-pump  a  further  quantity  of  solution  is  intro- 
duced, until  the  pressure  on  the  interior  of  the  vessel 
amounts  to  from  110  to  liO  lbs.  on  the  square  inch. 
This  pressure  is  maintained  for  an  hour,  and  the  solu- 
tion is  then  drawn  off.  The  vegetable  matter  is  next 
impregnated  in  a  similar  manner  with  an  acid,  or  a 
solution  of  some  substance,  such  as  sulphate  of  iron, 
which  will  unite  with  the  barium  or  calcium  and  set 
the  sulphur  free.  When  the  vegetable  matter  is  to  be 
impregnated  with  a  large  quantity  of  solid  matter,  it 
should  be  dried  between  the  application  of  the  t«o 
solutions. 

Without  entering  into  any  further  details  at  present 
respecting  the  construction  of  fu-e-proof  buildings,  or 
stopping  to  point  out  the  various  methods  in  which  iron 
joists  and  girders  have  been  and  are  bemg  extensively 
employed  in  large  stmeturcs,  wo  conclude  by  calling 
attention  to  a  statement  made  about  three  years  ago,  by 
Mr.  Braidwood,  on  the  subject  of  fire-jjroof  buildings, 
to  the  Institution  of  Civil  Engineers.  He  exhibited  a 
collection  of  specimens  of  cast-iron  which  had  been 
used  in  the  construction  of  buildings  destroyed  by 
fire,  wldeh  showed  that  occasionally  the  temperature 
in  the  conflagration  of  large  buildings  rose  almost  to 
the  melting-point  of  oast-iron.  It  was  also  staled 
that,  even  in  a  small  fire,  beams  and  columns  of  cast- 
iron  would  be  so  affected  by  the  heat  and  jets  of  water 
u|)on  them,  that  they  would  probably  be  destroyed, 
and  sometimes  cause  great  loss  of  life ;  as,  in  many  of 
the  so-called  fire-proof  warehouses  of  London,  a 
number  of  persons  employed  on  the  premises  slept  in 
the  iqiper  floors,  and  if  the  lower  beams  gave  way, 
the  whole  would  be  dragged  down  suddenly ;  whereas, 
timber  beams  resisted  fire  some  time,  and  allowed  time 
for  the  inmates  to  escape.  The  firemen,  also,  were 
liable  to  more  danger  from  the  same  circumstance,  as 
the  only  chance  of  extiugnishing  fires  was  to  send 
(lu-m  into  the  buildinus  with  the  branches  and  water- 
ir  ■  l.i;i  «i:.iv  ila  ,!  ,  r  was  SO  cvidcut,  thc  mcu 
I   1         i  ,.  ■        .      .  'i;rirefi'oi-ts  were  limited 

I  i  ,.,.  ...iiiii;  ilu'  lii.  11. .,M  :.i-icading.  The  expansion 
ol  ihc  iron  boaiub  at  liigli  temperatures,  and  their 
sudden  contraction  on  the  application  of  cold  water, 


FIRES,  LIGHTING  OF-FISH-HOOKS. 


caused  a  derangement  of  the  brick-work  :  tlic  mortar, 
also,  frequently  became  completely  pulverised  by  the 

In  the  construction  of  lire-proof  buildings,  Mr. 
Fairbaim  proposed,  1.  That  the  whole  of  the  buildings 
should  be  composed  of  incombustible  materials,  such 
as  iron,  stone,  or  brick.  2.  That  every  opening  or 
crevice  communicating  with  the  extemal  atmosphere 
be  kept  closed.  3.  That  an  isolated  stone  or  iron 
staii-case  be  attached  to  every  story,  and  be  furnished 
with  a  lino  of  water-pipes,  communicating  with  the 
mains  in  the  street.  4.  That  the  different  warehouses 
be  divided  by  strong  partition-walls,  and  that  no  more 
openings  be  made  in  them  than  are  absolutely  neces- 
sary. 5.  That  the  ii-on  columns,  beams,  aud  brick 
arches  be  of  suiEcient  strength  not  oidy  to  support  a 
continuous  dead  pressure,  but  also  to  resist  the  force 
of  impact  to  which  they  are  subject.  6.  That,  in  order 
to  prevent  the  columns  from  being  melted,  a  current 
of  cold  air  be  introduced  into  the  hollow  of  the 
colunms  from  an  arched  tunnel  under  the  floors. 

Mr.  Braidwood  argued,  that  if  the  second  principle 
could  be  enforced,  a  fire  would  go  out  of  itself ;  but 
it  was  doubtful  whether  the  object  was  not  defeated 
by  carelessness  in  leaving  a  door  or  window  open  just 
at  the  time  when  a  fire  occurred.  The  fifth  condition 
does  not  allow  for  loss  of  strength  in  iron  consequent 
on  high  temperatui-e ;  and  the  sixth  was  held  to  be 
insufficient,  as  a  specimen  of  I5  inch  cast-iron  pipe, 
on  being  heated  in  the  centre,  with  both  ends  open, 
and  a  current  of  air  passing  through  it,  gave  way,  after 
an  exposure  of  only  four  minutes  in  the  fire,  on  one 
end  being  held  in  a  vice,  aud  the  other  pulled  with 
slight  force  by  the  hand.  It  was  recommended  that 
iron  should  not  be  used,  but  groined  brick  arches, 
supported  by  pillars  of  the  same  material  laid  in 
cement.  Warehouses  should  also  be  built  of  a  more 
moderate  size,  and  be  completely  separated  from  each 
other  by  strong  party  walls.     [See  Appesdix.] 

FIRES,  LiGRTLN-G  OF.  There  is  much  pliilosophy 
in  common  things,  as  may  be  illustrated  by  the  ap- 
parently simple  operation  of  lighting  a  fire.  In  this 
process  we  take  advantage  of  the  easy  combustibility 
of  one  material  to  produce  combustion  in  a  second 
material,  which  is  not  so  readily  ignited :  and  this 
in  its  turn  acts  upon  a  thii-d  material,  which  is 
still  less  easily  ignited.  The  paper  burns  easily 
and  quickly,  aud  kindles  the  wood,  which  bums  less 
easily,  and  this  in  its  turn  raises  the  coal  to  a  suf- 
ficiently high  temperature  to  bum.  The  laws  which 
regulate  the  draught  of  a  fire  were  considered  in  the 
article  Chimket  ;  but  we  may  here  uotice  a  method 
of  lighting  a  fire  recommended  many  yeare  ago  by 
Mr.  Gill,  in  his  "  Technical  Eepository,"  and  which 
certainly  does  appear  to  deserve  the  praise  which  he 
bestows  upon  it :— Fill  the  grate  with  fresh  coals  quite 
up  to  the  upper  bar  but  one ;  then  lay  on  the  wood 
in  the  usual  manner,  rather  coUeoted  in  a  mass  than 
scattered ;  over  the  wood  place  the  cinders  of  the 
preceding  day,  piled  as  high  as  the  grate  will  admit, 
and  placed  in  rather  large  fragments,  in  oi  der  that  the 
draught  may  be  free :  a  bit  or  two  of  fresh  coal  may  be 


added  to  the  cinders  when  once  they  are  lighted,  buv 
no  small  coal  must  be  thrown  on  at  fu-st.  When  all 
is  prepared,  light  the  wood,  when  the  cinders  in  a 
short  time  becoming  thoroughly  ignited,  the  gas 
rising  from  the  coals  below,  which  wiU  now  be  af- 
fected by  the  heat,  will  take  fire  as  it  passes  through 
them,  leaving  a  very  small  portion  of  smoke  to  go  up 
the  chimney.  One  advantage  of  this  mode  of  lighliug 
is,  that  small  coal  is  better  suited  to  tlie  pm-pose  than 
large,  except  a  few  pieces  in  front,  to  keep  the  small 
from  falling  out  of  the  grate.  It  is  stated  that  a  fire 
lighted  in  this  way  will  burn  all  day  without  anything 
being  done  to  it.  When  apparently  quite  out,  it  will 
glow  up  on  being  stirred.  When  the  upper  part 
begins  to  cake,  it  must  be  stirred,  but  the  lower  must 
not  be  touched.  Mr.  Gill  says  that,  on  trying  this 
plan  with  a  common  Bath  stove,  about  14  inches  wide 
at  the  top,  a  fire  lighted  at  S  a.m.  continued  burning 
until  5  P.M.  without  being  touched.  The  apertures 
at  the  bottom  of  the  grate  must  be  kept  closed,  either 
by  the  dust  and  ashes  of  the  former  day's  fire,  or  by 
means  of  the  small  coal-dust  contained  in  the  coal 
used  for  lighting  the  fire.  In  this  case  it  will  continue 
to  bum  with  a  smouldering  heat  for  thii'teen  or  fourteen 
hours,  with  so  little  consumption  of  fuel,  that  at  the 
end  of  that  time,  on  being  stirred  up,  and  air  ad- 
mitted, a  lively  fire  is  produced.  Even  when  smouj- 
dering,  the  fire  gives  out  a  moderate  degree  of  heat. 

FISH-HOOKS.  The  manufacture  of  these  little 
articles  requires  a  considerable  amount  of  skill,  atten- 
tion to  the  material,  and  the  method  of  manipulation, 
which,  being  practised  by  the  manufacturers  of  one 
district,  and  not  by  those  of  another,  have  made  the 
one  celebrated,  the  others  inferior.  Thus,  the  Limerick 
fish-hooks  have  long  been  esteemed  by  anglers  for 
salmon  and  trout-fishing :  they  are  made  of  cast-steel, 
forged  square  by  nailers,  with  solid  wedge-shaped 
pieces  at  the  end  of  each,  out  of  which  the  barbs  are 
formed  by  filing.  The  shanks  are  then  filed  round, 
and,  after  being  bent  to  the  required  curve,  they  are 
carefully  hardened,  and  tempered  by  being  placed  upon 
a  plate  of  hron  and  heated  until  a  drop  or  two  of 
tallow  let  fall  upon  the  plate  smokes  or  blazes  :  this 
points  out  the  proper  tempering  heat,  according  to 
the  quality  of  the  steel  employed. 

The  barbs  of  the  English  hooks  are  cut  with  a  knife, 
instead  of  being  filed  out  of  the  solid.  Fig.  932  is  an 
enlai-ged  representation  of  one  of  the  real  Limerick 
hooks,  the  barb  of  which  had  been  filed  out  of  the 
soKd  from  a  piece  of  steel  shaped  like  Fig.  933. 


Sir  Humphry  Davy  in  his  Salmonia  describes  the 
method  of  making  the  Limerick  hooks.  The  first 
requisite  is  the  softest  and  purest  kind  of  malleable 
iron,  such  as  is  procured  from  the  nails  of  old  horse- 
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shoes.  Tliis  is  coiivcrtcil  into  stcci,  and  tlie  steel 
into  bars  or  wiros  of  different  thicknesses  for  different 
sized  hooks,  and  then  annealed.  For  the  larger 
hooks,  the  bars  must  be  made  in  such  a  form  as  to 
admit  of  cutting  the  barbs;  and  each  piece  which 

serves  for  two  1 1..,  is  l;;i.  :  r  :it  the  ends,  so  that 

thu  bar  apfHiiis  I  iiible-pointed  spear, 

3,  4,  or  5  iiirlir    '  IVir  the  finer  hooks 

are  somewhal  i'  ii.niil.  'I!.-  ;.i  i  i^t  works  wilii  two 
files,  one  finer  than  the  other,  for  gn  in  :  i!-  :  ■.::ii  ::nJ 
polishing  the  hook;   and  he  br'f;iii     I;  li 

barb,  taking  care  not  to  cut  too  iloji,  i 

piece  of  hard  wood,  such  as  box-woud,  \wl1i  a  dent  tu 
receive  the  bar,  made  bj  the  edge  of  the  lilc.  The 
barb  being  made,  the  shank  is  thiimed  and  flattened, 
and  the  polishing  file  applied  to  it ;  and  by  a  turn 
of  the  wrist  round  a  circular  pincers,  the  necessary 
degree  of  curvature  is  given  to  it.  The  hook  is 
tlien  cut  from  the  bar,  heated  red-hot  by  being 
kept  for  a  moment  in  a  charcoal  fii-e ;  then  plunged, 
while  hot,  into  cold  water;  then  tempered  by  being 
put  on  heated  iron  till  it  becomes  a  bright  blue; 
and  whilst  still  hot,  it  is  immersed  in  candle- 
grease,  whore  it  gains  a  black  colour:  it  is  then 
finished. 

Mr.  Gill  says '  that,  on  examining  some  of  the 
Loudon  Limerick  hooks,  as  they  are  called,  with  a 
microscope,  he  found  that,  although  the  barbs  had  a 
shape  somewhat  resembling  the  real  Limerick  ones, 
yet  they  had  first  been  cut  with  a  knife,  in  the  usual 
manner  of  making  English  hooks. 

The  village  of  Redditch,  m  Worcestershire,  the 
chief  seat  of  the  needle  trade,  produces  most  of  the 
English  fish-hooks.  The  manufacture  both  of  fish- 
hooks and  needles  was  illustrated  in  an  agvceable 
manner  at  the  Great  Exhibition  by  men  who  went 
through  all  or  most  of  the  operations  required  in  the 
production  of  those  articles.  The  fii-st  operation  in 
making  fish-hooks  is  to  cut  the  wire  into  lengths, 
which  vary  according  to  the  quality  of  the  hcok  :  thus 
in  Fig.  93't  c  is  the  finished  work  made  out  of  the 


■^ 


wire  a.     The  lengths  of  wire  are  softened  by  heat  iu 
a  fiu-MOc.    A  small  standard,  about  2  inches  in  height. 


1  inch  long,  and  half  an  inch  broad,  is  fastened  to  tlie 
bench  at  which  a  workman  is  seated.  On  the  upper 
face  of  the  standard  are  three  holes,  into  which  the 
ends  of  three  wires  are  inserted.  The  holes  are  so 
contrived  that  the  \vires  are  all  at  the  same  distance 
from  each  other,  and  their  ends  in  the  same  lino ;  so 
that  if  a  mark  is  made  across  three  wires  inserted  iu 
the  holes,  the  mark  is  upon  each  at  the  same  distance 
from  the  cuds.  In  tlds  w.ay,  thousands  of  wires, 
-.:,:.'!,  of  ,1,.  .:u„rl.n.il,,canbemarked,  all  tlie 

i .liiM!*  ii tliccnds.     By  the  side 

'  ,  :  ,    ,  V  fur  supporting  a  knife 

li  ca:i  l)i:  iM,,vcd  \uih  a  certain  force  iu  one  par- 
ticular dhccliou.  The  workman,  thus  provided,  takes 
up  throe  wiros  of  the  proper  length,  and  inserts  theii' 
extremities  into  the  tlu-ee  holes :  he  rests  the  point 
narrow-bladcd  knife  in  the  rest,  and  pushmg  the 
knife  from  him  towards  the  point  of  the  wii'es  and 
along  their  upper  surface,  bcgiiming  at  a  ccrtaiii 
pouit  near  the  end,  he  cuts  up  a  portiou  of  the  metal, 
in  b.      Entering  from  the   sm-face  and    going 

idually  deeper,  the  barb  or  heard  is  thus  p(iint(!d. 
Taking  out  the  three  wu-cs,  he  thi-ows  them  aside, 
and  cuts  another  three  as  before.  Some  skill  ia 
required  in  insertmg  the  thi-ee  wires  mto  their  respec- 
tive holes,  in  adjusting  the  knife  so  as  to  commence 
the  cut  exactly  in  the  right  place,  and  m  making  the 
cut  of  the  proper  depth,  so  as  to  give  the  requu-ed 
length  to  the  barb.  The  next  operation  is  to  point 
the  end  of  the  hook,  as  at  c,  which  is  done  by  filing, 
le  wire  being  grasped  with  a  pair  of  plyers,  and  the 
nd  placed  on  a  piece  of  box-wood.  The  hooks  are 
next  to  be  rounded,  or  bent  into  the  ch'cular  form. 
This  is  done  by  means  of  a  small  block  of  wood,  from 
the  cud  of  which  projects  a  piece  of  lliin  brass  bent 
as  at/  At  one  end  is  a  small  notch,  into  which  the 
barb  is  placed :  the  wire  is  then  twisted  over  the 
convex  surface  of  the  brass,  which  gives  it  the  bend 
shown  in  A  and  e.  The  wire  is  not  bent  round  equally, 
but  rises  somewhat ;  that  is,  the  man  does  not  bend 
the  wire  round  the  brass  slip  on  the  same  level,  biit 
m  approaching  the  end,  he  raises  his  hand,  and  thu.s 
the  hook  is  bent  upwards  at  a  particular  part.  A  man 
can  bend  almost  sixty  hooks  in  a  minute,  giving  to 
each  one  the  particular  bend  required.  The  end  of 
each  hook  is  next  flattened,  as  at  e  and  g,  to  afford  a 
hold  to  the  silk  or  other  fastening  used  for  uniting 
the  hook  to  the  fisliing-tacklc  :  this  is  done  by  gimg 
the  cud,  which  is  placed  on  an  anvil,  a  smart  blow 
with  a  small  hammer.  The  hooks  are  next  hardened ; 
then  tempered  at  a  sand-bath  heat,  properly  regulated ; 
next  scom-ed  in  a  rotating  barrel,  containing  eraci} 
and  soap ;  and  lastly,  blued  at  the  required  heat  in  a 
sand-bath. 

FIXED  AIR,  see  Carbonic  Acfd— Coal. 

FLAME,  see  Candle. 

FLANNEL,  see  "Wool. 

FLAX  (limim  usitutissimim),  an  amiual  plant  of 
fragile  appearance,  sending  up  slender  fibrous  stalks, 
two  or  three  feet  high,  with  narrow  alternate  leaves, 
and  delicate  blue  flowers.  These  are  followed  by 
globular,  many-celled  seed  vessels,  containing  bright 


slippery  brown  seed,  flattened  and  elongated.  The 
stalks  of  this  plant  arc  hollow  pipes,  surrounded  by  a 
fibrous  rind,  the  fila- 
mcuts  of  which  fur- 
nish to  the  manufac- 
liuer  the  material  for 


other  similar  fabrics. 

The  frequent  men- 
tion of  fine  linen  in 
Scripture  must  be  re- 
marked by  every  reader 
of  the  Old  Testament, 
and  the  evidence  which 
is  afforded  by  the  un- 
rolling of  Egypt  i  n 
mummies,  that  the  fine 
linen  of  Egypt 
actually  woven 
flax,  is  sufiicieut  to 
prove  that  the 
plant  which  we  uc 
ploy,  furnished  ( 
the  most  ancient 
facturcs  known, 
fijieness  of  some  ( 
Unen  compared 
what  is  woven  in '. 
at  the  present  day,  also 
shows  that  the  ancients 
had  arrived  at  a  high 
degree  of  skill  in  the 
prcparationof  this  valu- 
able substance. 
n  the  time  of  the  Ilomaus,  the  produce  of  flax 
has  been  known  in  the  Britisli  Isles,  but  our  country 
has  been  very  slow  to  avail  itself  of  the  fact  that  the 
plant  can  be  successfully  cultivated  on  British  soil. 
Not\vitlistanding  various  inducements  that  have  been 
held  out  by  the  government,  flax  has  been  neglected, 
or  only  very  partially  grown ;  it  has  also  obtained  a 
bad  report,  as  an  exhauster  of  the  soil,  while  in  fact, 
the  imperfect  mode  of  culture,  and  not  the  plant,  is  in 
fault. 

Uccent  discoveries  have,  however,  given  a  new  im- 
portance to  the  cultivation  of  this  crop,  and  flax  now 
promises  to  afford  a  British  material  for  British 
manufacture,  instead  of  being  ranked  among  foreign 
and  imported  goods. 

"  The  animal  and  vegetable  world,"  says  Mr. 
Mac  .\dam,'  "  pretty  equally  divide  the  supply  of  the 
principal  articles  of  clothing  requii-ed  by  the  human 
race.  From  the  former  we  obtain  wool  and  silk ;  to 
I  he  latter,  we  are  indebted  for  cotton  and  flax.  Of 
these  four  substances,  which  enter  into  the  composition 
of  at  least  nine-tcntlis  of  tiic  clothing  of  the  civilized 


■world,  one  (cotton),  is  the  exclusive  production  of  the 
regions  borderiug  on  the  torrid  zone  ;  another  (silk), 
although  it  has,  to  a  trifling  extent,  been  cultivated  in 
Great  Britain,  may  also  be  eonsidcicd  as  natm-ally  the 
production  of  the  same  count lics,  since  flic  silk-worm 
does  not  flourish  so  certainly  iu  onr  climate ;  a  third, 
(wool)  is  largely  obtained  at  home,  and  gives  employ- 
ment to  a  flourishing  branch  of  British  farming;  yet 
it  is  understood  that  the  wool  of  oiu-  islands  is 
ferior  for  felting  to  that  of  foreign  countries,  a 
cannot  be  substituted  beyond  a  certain  proportion, 
for  certain  kinds  of  cloth.     The  last  mentioned,  fli 
is  the  only  one  of  the  four  for  which  our  soil  and 
climate  are  absolutely   suited,  and  where  a  native- 
grown  article  might  be  substituted  to  a  very  large 
extent,  if  not  altogether,  for  the  foreign  import." 

It  is  calculated  that  upwards  of  one-tenth  of  our 
whole  population  is  dependent  upon  the  various 
branches  of  the  cotton,  flax,  wool,  and  silk  manufac- 
tures, and  that  the  capital  embarked  iu  them  is  not 
less  than  one  hundi-ed  million  pounds  sterluig.  The 
whole  of  the  raw  material  employed  in  these  manu- 
factures is  iu  one  form  or  other  obtained  by  agricul- 
tural labour;  yet  of  this  labour-  only  an  extremely 
small  amount  is  furnished  by  the  inhabitants  of  Great 
Britain.  Perhaps  it  is  this  fact  more  than  any  other, 
that  has  given  rise  to  a  spirit  of  rivalry  between 
manufacturers  and  agriculturists,  and  to  a  jealous 
apprehension  that  the  prosperity  of  the  one  is  attained 
at  the  expense  of  the  other.  In  support  of  this  sur- 
mise, we  may  notice  that  the  woollen  manufacture, 
which  reaUy  does  bring  into  request  a  regular  amount 
of  home  labour,  is  viewed  -^vith  far  more  friendly 
feelings  by  cultivators  of  the  land  than  any  other 
branch  of  factory  employment.  Their  interests  are 
immediately  concerned  in  its  prosperity,  for  although 
British  wool  is  seldom  used  without  some  admixture 
of  foreign,  yet  the  wool  market  is  a  most  important 
source  of  profit  to  the  farmer,  and  there  is  a  constant 
demaud  for  the  produce  of  his  flocks,  with  a  fair 
encouragement  to  attend  to  the  improvement  of  the 
fleece.  The  cotton  and  silk  trades  must  in  the  nature 
of  things  be  carried  on  uidcpeudeutly  of  the  British 
farmer,  but  we  trust  there  will  not  long  exist  a  reason 
why  we  should  be  altogether  dependent  on  foreign  na- 
tions for  oui-  flax,  and  why  the  small  degree  of  cultiva- 
tion long  bestowed  upon  this  crop  in  the  sister  island, 
shoidd  not  extend  till  it  becomes  a  large  and  important 
branch  of  farming  operations  throughout  the  country. 
The  Royal  Agricultui-al  Society  of  England  deemed 
the  subject  of  the  growth  of  flax  in  these  islands  of 
suflicient  importance  to  warrant  then-  offering  a  prize 
for  the  best  essay  on  the  reasons,  general  and  parti- 
cular, in  favour  of  cxfeudiug  the  growth  of  flax  in  this 
oountiv,  ,111(1  \\li;.i  ,.;>  ilic  considerations  adverse  to 
this  ]  1    i    i       !    :i|ipvoved  methods  of  culti- 

vating ill  ,1  r  :,  I  niode  of  saving  the  crop, 
ami  ]Tii  .:  I  J  Pr  i!,.  ,  I'm-  the  market,  and  in  what 
w.iY  the  whiik  or  any  portion  of  the  seed  may  be 
saved  with  tlic  least  injury  to  the  fibre,  and  how  the 
seed  may  be  most  profitably  applied  by  the  farmer. 
The  successful  essay  was  that  of  Mr.  Mao  Adam,  from 


which  we  derive  some  important  particulars  allectiiig 
lire  question. 

riax  is  indigenous  to  several  countries  of  the  East, 
wlicre  it  has  been  grown,  spun,  and  woven  iuto  textile 
falnics  from  a  remote  period  of  antiquity ;  but  it  is 
found  to  be  specially  adapted  to  temperate  climates, 
so  that  when  transported  from  the  warm  climates  of 
wliieh  it  is  undoubtedly  a  native,  the  quality  of  the 
[jUuit  for  the  foier  purposes  of  manufacture  is  con- 
siderably improved  thereby.  Plax  is  grown  at  the 
[HTsent  day  in  all  the  northern  countries  of  Europe, 
as  well  as  in  SicUy,  Italy,  and  on  the  coasts  of  the 
Mediterranean,  to  a  considerable  extent  in  India,  and 
latterly  it  has  much  increased  in  Egypt;  North 
America  also  produces  much  flax,  principally  valued 
for  its  seed.  To  Britain  it  was  brought  by  the 
Romans ;  but  it  was  probably  known  in  Ireland  at  a 
much  earlier  period,  by  means  of  the  Phoenicians. 

A  slow  steady  growth  is  required  to  produce  the 
best  quality  of  fibre  in  tliis  plant;  when  reared  in 
hot  countries,  the  seed  is  superior  in  quality,  but  the 
fibre  is  wanting  in  delicacy  and  elasticity.  Egypt  is 
in  some  degree  an  exception,  for  the  flax  grown  there 
is  favoured  by  the  rich  alluvial  soil  of  the  Nile ;  yet 
with  this  advantage,  and  with  every  efl'ort  to  improve 
the  cultivation,  it  still  fetches  an  inferior  price  in  the 
market.  On  the  other  hand,  in  countries  approaching 
tlie  northern  limits  of  the  temperate  zone,  the  short 
liot  summers  induce  too  rapid  a  growth,  and  although 
the  quantity  of  fibre  is  good,  the  quality  is  not  first- 
rate.  This  is  the  case  with  Russia,  which  out  of  an 
export  reaching  to  40,000  or  50,000  tons  per  annum, 
does  not  sell  at  a  higher  price  than  iSl.  per  ton, 
wMe  the  flax  of  Holland  and  Belgium  sells  at  150/., 
or  sometimes  180/.  per  ton.  The  consumption  of 
flax  varies  in  this  country  from  80,000  to  105,000  tons 
per  annum,  and  of  this  about  35,000  tons  are  estunated 
as  the  produce  of  the  British  Isles,  chiefly  of  Ireland.' 
Tlie  greater  jiart  of  this  amount  is  spun  and  woven 
into  various  fabrics,  from  the  coarsest  canvass  to  the 
finest  cambric,  but  a  great  deal  is  exported  as  yarn  to  , 
Germany,  France,  and  Spain,  where  it  may  take  the  I 
form  of  tlie  roughest  sail-cloth,  or  be  manufactured 
into  the  most  delicate  lace.  Our  imports  of  flax,  in 
the  form  of  fibre,  seed,  and  oil-cake,  are  extremely 
large.  In  1814,  they  amounted  to  a  simi  exceeding  i 
sk  millions  sterling,  and  since  that  year  the  quantity 
has  been  on  the  increase. 

The  capability  of  Great  Britain  and  Ireland  to  pro- 
duce this  crop  in  perfection  is  now  generally  ad- 
nntted;  but  the  want  of  care  in  its  evdtivation,  which 
characterises  our  people,  and  especially  the  Irish 
peasantry,  is  also  fully  known.  Among  the  documents 
l)ul)li-lii  >1  '  \  i;.:  1".  '„i,iii  government  in  ISll,  on  the  , 
cul\i\  .  i'  :;    .     ,    i.it  countrv,i5  one  in  which  the 

foil,...,  .         ,■  .    .urs:-    "  I 

'■  I !  r  ['.:i\  it  ill  1  r,i>l,  when  first  pulled,  is  as  good 
as  ours,  but  the  Irish  are  negligent.  Our  flax  is  im- 
mediately put  in  water,  thens  is  left  to  get  heated  in 
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ll\e  air,  while  tliey  go  a\\ay  to  drink  and  enjoy  them, 
selves.  Our  peasants  are  watchful,  and  take  out  the 
flax  at  the  end  of  five  or  of  eight  days,  accord- 
ing to  the  condition  they  find  it  in,  the  L-ish  do 
it  just  when  they  please.  Our  flax,  when  covered 
with  mud,  is  spread  out  carefully  in  a  fine  meadow, 
when  the  flrst  shower  cleanses  it ;  in  L'eland,  it  is 
thrown  down  almost  anywhere.  The  women,  with  us, 
often  take  the  preparation  of  the  flax  upon  them- 
selves ;  but  in  Ireland,  the  flax  is  prepared  in  mills. 
We  have  sent  some  families  to  England,  who  have 
siuee  returned,  and  they  inform  ns  that  very  good 
flax  could  be  reared  in  that  country.  During  the 
war,  when  neither  we  nor  Holland  exported  flax,  the 
English  contrived  to  produce  equally  good  linen  with 
that  which  they  inanufactui'e  at  the  present  time ; 
they  then  cultivated  good  flax  in  Yorkshire  and  in 
Ireland,  but  since  that  time  they  have  neglected  its 
culture." 

In  couflrmation  of  this  favowable  opinion  of  British 
flax,  we  have  the  fact  that  some  fine  samples,  grown 
iu  Norfolk  and  Bedford  have  realized,  the  former  85/., 
the  latter  100/.  per  ton,  while  occasional  samples  of 
Irish  growth  have  brought  as  high  prices  as  the  best 
Belgian  flax.  The  eiitne  quantity  required  for  British 
manufactures  might  undoubtedly  he  grown  at  home, 
with  great  advantage  to  our  islands,  were  the  oultiu-e 
sufiieieutly  understood  to  make  these  favourable  re- 
sults more  frequent,  and  could  a  ready  market  be 
obtained.  In  that  case,  the  crop  would  occupy 
nearly  400,000  acres  annually,  and  if  the  amount  re- 
quired for  feeding  cattle  were  added  to  this,  not  less 
than  half  a  million  acres  would  be  needed  for  the 
flax  crop  of  Britain. 

Our  climate  is  peculiarly  adapted  to  the  growth  of 
flax,  but  some  districts  are  more  favourable  than 
others.  Those  which  posisess  the  most  equal  tempe- 
rature are  the  best.  A  regular  s'jjiply  of  genial 
moisture  in  spring,  without  an  excess  of  wet  in 
autumn  is  most  advantageous,  and  the  plant  will 
flourish  at  a  considerable  altitude  under  such  circum 
stances,  havuig  been  grown  with  success  iu  county 
Wicklow,  Ireland,  at  a  height  of  lOGO  feet  above  the 
sea  level. 

Our  spruig  is  more  favoiu'able  to  flax  than  that  of 
Belgium,  since  the  long  and  severe  droughts  in  that 
country  cause  the  crop  to  fail  every  three  or  four 
years,  from  this  cause  alone.  But  our  summer  is  not 
so  favourable  as  theirs,  for  towards  the  end  of  July 
wlieu  the  ))ulliug  time  approaches,  the  heavy  rain  and 
perhaps  hail  which  we  frequently  have,  is  very  in- 
jurious to  the  crop,  causing  it  to  rot  upon  the  ground, 
or  cliscolouriiig  the  stalk  in  a  way  which  no  after  care 
can  remove.  In  growing  flax,  an  open  situation  is  to  be 
chojcn,  and  by  no  means  a  field  sheltered  with  trees. 

ITiis  crop  accommodates  itself  to  a  great  variety  of 
soihi ;  floiu'ishing  on  sandy  loams,  Uglit  and  heavy 
clays,  marly,  peaty,  chalky,  or  alluvial  soils.  But  a 
mixture  of  sand  and  clay  is  considered  the  bctt, 
especially  where  the  subsoil  is  of  clay.  Very  light 
sandy  soils  will  not  afford  good  crops  without  a  large 
supply  of  manure.     Elax  worth  70/.  per  ton  has  been 
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groTiTi  on  an  Irish  bog,  reclaimed  throe  years  l)cfore, 
and  having  a  subsoil  of  gravel  and  clay.  Flax  will 
not  bear  to  be  sown  at  veiv  mvl  '  ;  />  '  nu  the 
samosoil.    Inthis  respect  il'^  .  iii'   Ill^llaud 

I'lemish  is  to  be  coudemncil.     I  i\  -own, 

as  a  general  i-ule,  after  ]iiii:ii'"  ;  Ihm  ilii-  rn.slom 
has  given  way  to  the  better  jihin  (if  sowing  on 
wheat,  oats,  or  barley  stubble,  which  ensures  a 
much  better  quality  of  fibre,  though  not  quite  so  full 
a  crop.  Very  good  crops  are  also  obtained  after 
clover  lea. 

One  of  the  greatest  advantages  attending  the  culture 
of  flax  is,  the  short  time  it  occupies  the  ground; 
namely,  from  April  to  July.  This  allows  of  another 
crop  being  taken  from  the  soil  during  the  same  season. 
Grass  or  clover  is  generally  sown  with  flax  in  this 
country,  sd  as  to  give  a  cro|i  the  following  year;  but 
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rapidly  al'tcavanLs,  Iji-i..:,-  -uii;i,ill\  lu,,  diLbcud  with 
liqrud  maaure.  Itapc,  winter-vetches,  or  turnips  of 
the  stone  or  Norfolk  globe  varieties,  may  be  advan- 
tageously grown  with  flax,  and  used  before  the  follow- 
ing spring.  Flax  culture  can  generally  be  best  followed 
after  any  white  crop,  except  on  very  poor  land :  soil 
which  has  lain  long  in  pasture  has  yielded  valuable 
crops  of  flax,  having  been  planted  first  with  potatoes, 
then  with  grain,  and  afterwards  with  flax. 

After  thorough  ploughing  and  pulverization  of  the 
soil,  the  land  for  a  flax  crop  is  laid  out  in  broad  flats, 
not  in  ridges,  and  a  roller  is  passed  over  the  ground 
to  consolidate  the  surface.  A  short-toothed  harrow 
follov.'s,  to  prepare  for  the  seed,  which  is  carefully 
chosen,  Riga  seed  behig  tlie  favourite  iu  England 
ana  Ireland.  This  is  receivt  il  'm  Inn'-,  -, villaining 
3 J  bushels,  and  covered  wii  M     •  :  ,_s.  The 

barrels  are  branded  in  lln^^i  ■         "  nlliccrs 

named  i/V(cfe;-«,  who  classil-.  t!r  -,,  '  i  i:  ,aiives 
from  the  interior,  and  arrange  it  umlir  the  terms, 
"sowing  seed,"  "rejected  sowiug  seed," and  "crushing 
seed  "  These  varieties  are  sometimes,  however,  fraudu- 
lently mixed.  Dutch  seed,  reared  from  Riga,  but  of 
the  second  year,  is  also  much  esteemed :  in  some 
respects  it  is  superior  to  Riga,  being  generally  un- 
adulterated, and  much  more  carefidly  cleaned.  The 
respectability  of  the  dealer  is  the  best  secuiity  for 
obtaining  good  seed.  That  which  has  a  shining  slippery 
appearance,  aud  a  brownish  red  colour,  without  being 
too  plump,  is  the  best.  The  quantity  sown  per  acre 
varies  from  two  to  three  bushels  ;  the  former  for  poor, 
the  latter  for  rich  soils.  Thin  sowing  promotes  a 
coarse  growth  of  the  plants,  and  deteriorates  the 
fibre  :  thick  sowing  induces  the  plants  to  spring  up 
with  taU  aud  slender  stems,  of  fine  fibre.  The  seed  is 
sown  broad-cast,  and  another  person  follows  imme- 
diately after,  to  scatter  clover  or  grass  seed.  The 
whole  is  then  covered  by  a  light  sced-han-ow,  and 
rolling  finishes  the  process.  It  is  established  as  a 
good  system,  and  a  great  saving  of  expense,  for  the 
English  grower  to  save  sowing  seed  the  first  year  j 
from  Riga  or  Dutch  seed.     Some  now  sow  all  from  I 


their  own  seed,  except  an  acre  or  two  t'rom  foreip^n 
seed,  to  keep  up  the  supply. 

When  the  young  plants  have  risen  to  the  height  of 
two  or  three  inches,  they  are  carefully  weeded  by 
women  or  children,  creeping  along  upon  their  hands 
and  knees,  and  keeping  their  faces  to  the  wind.  This 
does  not  crush  the  plants  so  much  as  trampling  on 
them  by  the  feet ;  and  if  it  be  done  on  a  breezy  day, 
the  wind  will  soon  raise  the  young  plants  to  their 
former  position.  In  Belgium  and  Holland  the  crop 
is  weeded  twice  or  thrice  in  this  way.  In  this  early 
stage  the  flax  is  in  its  most  critical  position :  very 
dry  weather  will  scorch  its  delicate  fibres,  and  cause 
it  to  wither  aud  die.  A  water-cart  has  in  some  cases 
been  used  with  good  effect,  going  regularly  over  au 
acre  a-day.  The  delicate  blue  blossoms  of  the  flax 
open  in  June,  when  it  is  one  of  the  most  beautiful  of 
crops.  These  are  succeeded  by  seed-bolls,  the  state 
of  which  affords  the  best  criterion  for  judging  of  the 
maturity  of  the  crop;  therefore  they  arc  to  be  fre- 
quently examined.  The  Dutch  method  is  daily  to 
take  one  of  the  ripest  capsules  and  cut  it  horizontally 
with  a  sharp  knife :  if  the  interior  is  whitish  and 
watery,  the  crop  is  not  ripe ;  if  it  be  Ann  and  of  a 
dark  green,  the  flax  is  fit  for  pulling.  If  left  long 
after  this,  the  seed  will  drop,  and  the  plant  will  die ; 
but  it  must  be  pulled  before  its  juices  arc  exhausted, 
and  while  the  fibre  is  consequently  silky  and  elastic. 

The  great  objection  urged  against  the  cultu'-c  of 
flax  is,  that  it  is  an  exhausting  eroj)';  and  this  is  quite 
true,  for  it  abstracts  a  larger  amount  of  nitrogen  from 
the  soil  than  many  other  crops.  But  under  the  new 
mode  of  management,  copied  from  the  careful  systems 
of  the  Continent,  this  objection  is  completely  set  aside. 
The  restoration  of  the  steep-water  and  of  the  woody 
portions  of  the  plant,  with  the  husks  of  the  seed,  to 
the  soil,  conqiletely  renovates  the  land,  making  it  as 
well  fitted  to  produce  any  crop  as  before.  Formerly, 
the  most  wastefiJ  system  was  employed  in  this  respect. 
The  flax  was  pulled  without  the  separation  of  the  seed, 
which  was  consequently  lost ;  and  the  steep-water  and 
other  refuse  was  never  economised  for  manure.  The 
large  amount  of  labour  required  to  grow  and  prepare 
it  is  another  objection ;  but  •^^herc  labour  is  plentiful 
this  can  scarcely  be  maintained  as  an  objection, 
especially  as  the  value  of  the  fibre  increases  according 
to  the  trouble  aud  care  with  which  the  various  pro- 
cesses are  carried  on.  The  flax  districts  of  Belgium 
are  able  to  boast  of  having  no  poor,  for  the  whole 
population  is  employed  iu  the  w- ork  during  the  winter. 

The  motives  to  a  fair  trial  of  this  crop  at  the  present 
period  are  veiy  many.  Not  the  least  important  is  that 
which  arises  from  a  deficiency  in  the  supply  of  cotton 
from  the  Unitrrl  *i-itr^  vAv.^h  ,lr..;..:„.,-v  threatens 
ere  long  to  lln>   >    ,   :   ,    .     .  i  ,   ..  i,    working 

population  ou  I       -  '  iKo,  there 

are  signs  of  a  sIimi  '!■  urin  u  m;,  wnli  ir-jnct  to  flax, 
and  the  linen  trade  is  confessedly  retarded  by  the 
limited  supply  of  the  raw  material  from  Russia, 
Belgium,  and  other  flax-producing  states.  It  is,  there- 
fore, not  without  reason  that  enlightened  agricid- 
turists,  both  of  England  and  Ireland,  have  taken  up 


tlie  subject,  and  that  the  Royal  Flax  Society  is 
labouring  to  disseminate  sound  iuforniati(jn  respecting 
•  he  culture  of  a  plant  whicli  has  been  viewed  with 
prejudice  on  account  of  former  imperfectly  conducted 
attempts,  which  led  to  no  favourable  results.  One 
tiling  is  certain  :  ilax  is  well  adapted  to  our  soil  and 
climate.  Jt  has  been  grown  upon  reclaimed  Irish 
bog,  on  the  summit  of  the  Wicklow  mountains,  and 
on  tiie  western  shores  of  Galway  aud  Mayo;  in  the 
iiigldands  of  Scotland ;  in  the  fen  districts  of  Eng- 
land ;  upon  the  Beacon  Hill  in  Norfolk,  and  in  the 
midland  counties :  upon  every  variety  of  soil. 

Under  the  present  mode  of  treatment  it  is  by  no 
means  an  exhausting  crop.  Lord  Mouteagle  states, 
that  the  cidtivation  of  flax  has  actually  improved  some 
poor  laud  on  his  estate ;  and  thai  no  meadow  yielded 
such  capital  grass  as  that  on  which  the  flax  had  been 
grown.  Other  experienced  flax-growers  liave  obtained 
similar  results.  And  not  only  is  this  crop  non- 
exhaustive,  under  proper  management,  but  it  is  also 
fairly  remunerative  to  the  grower.  In  a  report  of 
the  Koyal  Irish  Flax  Society,  particulars  are  given  of 
tlie  flax-crops  of  Gfty-one  farmers  of  the  county  of 
Down,  t he  average  prolit  bemg  at  the  rate  of  71.  Is.  i:\d. 
per  acre.  This  was  from  the  fibre  only,  for  not  one 
of  these  growers  saved  the  seed.  Where  the  plant  is 
cultivated  with  a  view  to  the  seed  alone,  and  the  stalk 
is  merely  used  as  litter,  the  results  are  also  very 
favourable.  The  published  experience  of 
who  saved  both  seed  aud  fibre  shows  that  a  profit  of 
G/.  per  acre  over  that  of  the  wheat  crop  may  be 
oljtained  in  this  way. 

The  reason  why  the  culture  of  flax,  under  these 
encouraging  circumstances,  does  not  become  rapidly 
aud  generally  prevalent,  has  yet  to  be  told.     There  is 
at  present  a  certain  degree  of  diificidty  and 
tainty  in  finding  a  market  for  it.     Lord  Monteagle 
has  laboured  to  restore  the  oiltivation  of  flax  in  his 
part  of  Ireland,  which,  he  'iv;,  ]-M  cr-^'-n}  "  nu  account 
of  the  want  of  markets  fiir   !     :      ! 
with  those  of  the  Earl  «i  \< 
landliolders   of  the   di-, 

labours,  had  snuMiv ■  i',,  .    , 

able  nol ice  of  H     i  !    ^  li 

sample  was  vulii.   i   ,    '  ::  .      .     ■  ■      ,.. 

aud  would  haw  y-  ,  >  m  '     i.  «  ,   1-'", 
did  not,  however,  succeed  so  ^u•ll  as  liimsclf:  they 
could  not  transport  the  flax  in  its  bulk ;  they  had  no 
water-power,  and  he  was  unwilling  to  erect 
power  till  assured  of  a  market.     The  consequence 
was,  that  he  had  to  take  all  the  flax  off  the  hands  of 
his  tenants,  and  so  became  the  pos; 
stacks  of  flax  than  of  wheat,  aud  with 
of  turning  them  to  aci  mil  r     V  >  '•  n   i       nc  in  this 
state,  it  lb  impossible  ih  i  i  llouiish. 

Few  persons  will  per^t  1. 1  i  In   trouble 

and  risk  which  ceitainlj  1.  I  n,  t  i  |l  nop,  unless 
they  aie  certain  of  a  rcaJj  aud  piofitable  market. 
M.  Claussen's  invention  [see  p.  08()]  would,  it  was 
supposed,  open  new  markets  for  home-grown  flax; 
but  this  does  not  seem  to  have  been  the  case. 
The  extensive  use  of  oil-cake  for  the  feeding  of  cattle 
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points  out  a  great  advantage  to  tne  English  far'iicr  in 
the  cultivation  of  flax,  over  and  alj.ivc  the  act ual  \  alue 

of  the  crop  in  other  ri\-|"  n-,  I  i,  ,  ,u>iu>  :  i<.im  i  il  iN- 
seed  on  the  farm  wouU  -  .  I.  i  :  iii- 
chasing  costly  feediiiu'  I  •■  '"" 
sup[)ly  oil,  in  the  course  i.f  liiu  ii.aiiiilaLlmc  i>l  "il- 
cake.  To  make  tliis  cake,  the  sued  is  cvubhcd  between 
metal  rollers,  then  ground  under  edge  millstones, 
then  heated  in  a  metal  vessel,  where  it  is  constantly 

ground-seed  i^  ,.,-.«  i,  ,n|.'  ins.  -  ^  .  '•'  ■  ■  i_  I'lr 
a  day  iu  cold  water,  ami  iiiixiiil'   ■  .      '    i  lui.e- 

warm  water  at  feeding-time.      I  :  i       i  l"i' 

young  calves  iu  the  north  of  In  i  i  :         .     ^  s 

where  linseed  is  given,  it  shuu.J  liu  ilii.iu:.i,lily 
crushed,  and  ground  into  meal.  EUicieut  uiachuics 
for  this  purpose  are  made  by  the  agricultural  imple- 
ment makers.  One  of  these  for  engine  or  horse 
power  is  shown  at  Fig.  936. 


the  bottom,  and  tapcvii 

ly,  so  as  to  be  half  anil 

dcr  at  the  tops,  which  a 

cned.   These  teeth  are 

into  a  flat  piece  of  wood  or  of 

metal,   which   can   be  bolted  jj,,  937. 

do«  n  to  a  bench  or  plank  on 

which  the  operators  sit  astride,  facing  each  other. 

Handfids  of  flax  arc  laid  at  the  right  hand  of  each 

lippler,  and  spreading  it  out  like  a  fan,  each  draws 

liis  handful  alternately  through  the  ripple,  allowing 

the  seed-bolls  to  fall  into  a  wiunowing-sheel  placed 

below  to  receive  them.   Four  men,  with  two  rippliug- 

conibs,  will  take  the  seed  off  more  than  an  acre  of 
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flax  per  day.  The  njiplers  lay  down  their  haudfuls  , 
ou  tue  left-hand  side,  where  they  are  tied  up  in  sheaves, 
and  carried  at  once  to  the  steep-pool.  The  seed-bolls, 
meanwhile,  are  dried,  and  stored  away  in  bags  iu  an 
airy  place.  They  should  be  leell  dried,  or  they  will 
beat.  Mr.  Richard  Robinson,  of  Belfast,  has  invented 
an  improved  macliine  for  seeding  flax,  and  also  a 
machine  for  cleaning  the  seed. 

SiEEPiNG  OR  REiTixG.  Flax  Is  the  filamentous 
portion  of  the  stalk  of  the  plant,  from  which  it  is 
necessaiy  to  separate  the  woody  part  termed  the  ioon. 
But  iu  order  to  do  this,  the  gum  or  resinous  sap  which 
binds  the  parts  together  must  be  dissolved ;  and  the 
method  of  doing  tliis  greatly  influences  the  value  of 
the  fibre. 

The  steepmg  of  flax  is  carried  on  in  some  places  by 
mere  exposure  ou  the  grass  to  dews  and  rain,  wliich 
is  called  dew-relliug,  rating,  or  roltiiuj;  in  other  places, 
by  immersion  in  running  streams.  But  the  plan 
commonly  adopted  is  that  of  steepmg  it  in  pools  or 
pits  filled  with  water;  this  is  called  ■wuier-retting. 
The  quality  of  the  water  must  be  taken  into  conside- 
ration. It  must  be  free  from  iron  or  other  metallic 
particles,  or  the  fibre  will  be  discoloured :  it  must  not 
be  hard  or  spring  water ;  but,  if  possible,  it  must  be 
water  that  has  flowed  for  some  distance  exposed  to  the 
action  of  the  air.  Flax  is  improved  by  a  very  gentle 
current  flowing  over  it ;  aud  although  our  rivers  are  too 
rapid  to  allow  of  our  steeping  it  in  them,  yet  the  stccp- 
pool  is  most  perfect  when  it  is  in  communication  with 
a  river,  and  can  have  a  slight  current  on  the  surface, 
sufficient  to  carry  off  the  scum.  If  rirer-wator  be  not 
available,  spring-water  should  be  let  into  the  pit  six 
weeks  before  the  flax  is  put  in,  that  it  may  have  time  to 
mellow  aud  to  deposit  any  calcareous  sediment.  In  the 
steep-pool  the  sheaves  of  flax  are  packed  loosely,  resting 
on  tlieir  butt-ends.  It  is  best  to  put  but  one  layer  of 
shciives  into  the  pool.  The  flax  must  be  covered  from 
tlie  light  by  sods,  with  the  grassy  side  imderneath,  or 
by  wheaten  straw,  kept  do\vn  by  stones  or  logs  of 
wood.  After  a  time,  fermentation,  accompanied  with 
an  unpleasant  odour,  ensues ;  but  this  is  said  to  be 
iruiocuous.  The  water  poisons  fish ;  but  cattle  are 
not  injured  by  it,  as  is  proved  on  the  banks  of  the 
Lys,  where  cattle  drink  freely  of  the  water,  while  the 
river  is  full  of  flax  for  miles.  The  steepmg  of  the 
flax  must  be  continued  until  the  gum-resin  which 
binds  the  fibres  together  is  completely  loosened  and 
separated;  but  it  must  be  stopped  before  the  putre- 
factive fermentation  takes  place.  In  order  to  this,  a 
careful  examination  is  necessary.  One  of  the  signs 
of  the  approach  of  this  result  is  the  smking  of  the 
flax  in  the  water,  which  may  take  place,  according  to 
the  weather,  lifter  from  six  to  tweuty  days'  steeping. 
But  a  better  test  is  the  breaking  of  a  few  stalks  of 
average  fineness,  and  ascertaining  whether  the  fibre 
can  be  easily  pulled  off,  without  breakbig,  from  the 
internal  woody  part  or  loon.  If  so,  the  flax  is  suf- 
ficiently M  atered,  and  a  longer  stay  would  make  it 
wTak  and  cottony. 

The  removal  from  the  steepuig-pool  rcquii'es  care. 
The  covcrmg  of  straw  is  P-ct  removed  to  the  manm-e- 


heap,  being  a  valuable  addition  there,  on  account  of 
its  beiug  saturated  with  the  water  of  the  pool.  A 
person  then  stands  in  the  water,  lifting  out  the  bundles 
of  flax  without  the  use  of  pitclifork  or  hook.  Others 
receive  the  bundles,  and  set  them  up  on  their  butt- 
ends  to  drain  for  twenty-four  hours,  after  which  they 
are  spread  out  on  the  closest  and  shortest  pasture, 
and  left  to  be  washed  by  shcwers,  and  softened  by 
the  action  of  the  air.  They  should  be  evenly  spread 
in  rows,  so  that  by  means  of  a  lath  they  may  be 
turned  over  easily,  that  each  side  may  be  exposed 
alike,  otherwise,  a  difference  in  quality  and  colour  is 
the  consequence.  A  few  days  or  a  week  is  occu- 
pied iu  grassing,  after  which  the  flax  is  lifted,  tied 
up  in  sheaves,  and  packed  under  cover,  or  stacked 
and  thatched  in  the  rick-yard.  Here  it  may  be  kept 
for  years ;  the  quality  rather  improving  than  deterio- 
rating during  three  or  four  seasons  after  steeping. 

By  the  old  methods  of  water-retting  and  dew-retting 
the  plant  is  brought  to  a  certain  stage  of  decay, 
which  causes  a  loosening  or  separation  of  the  fibres. 
By  either  procsss,  from  10  days  to  3  or  6  weeks  Ls 
required  before  the  flax  is  ready  for  separation  from 
the  boon,  and  in  the  meantime  the  waters  and  the 
atmosphere  of  the  district  are  rendered  offensive,  and 
the  flax  itself  may  be  stained  or  injured  by  over 
retting.  In  1847  an  improved  plan  of  retting  was 
introduced  into  Ireland  by  Mr.  Schenok  of  New 
York,  and  is  thus  described  by  a  writer  in  Newton's 
London  Journal  and  Repertory  of  Arts,  &c.  for 
August,  1851.  "  The  prmcipal  apartment  in  the 
building  [near  Belfast]  contains  a  munber  of  large 
cii'cular  vats  in  which  the  flax  is  steeped,  aud  these 
are  provided  with  steam-pipes  connected  with  the 
steam-engine  boiler.  The  flax  to  be  operated  upon  is 
placed  in  these  vats,  and  filled  up  to  a  given  height ; 
strong  cross-bars  of  wood,  forming  a  kind  of  frame- 
work, are  then  laid  above  the  flax  and  secui-ed  to  the 
respettive  vats,  the  object  of  this  framing  being  to 
keep  the  flax  down  in  the  vat,  as  otherwise  it  would 
rise  as  it  swelled  in  fermenting,  and  protrude  above 
the  water.  When  a  mass  of  flax  is  thus  secured, 
water  is  run  into  the  vat,  and  as  it  becomes  absorbed, 
more  is  added.  Steam  is  next  admitted  into  and 
made  to  circulate  through  the  steam-pipe  at  the 
bottom  of  the  vat,  so  as  to  raise  the  water  to  about 
90°  Pahr.,  and  maintain  it  at  that  temperature.  In 
a  few  hours  acetous  fermentation  is  established  in  the 
vat,  and  the  decomposition  of  the  resinous  or  gummy 
matter  in  the  stalk  proceeds  with  rapidity.  After 
about  GO  hours  the  decomposition  is  completed,  raid 
that  without  the  exudation  of  any  odorous  or 
noxious  efiluvium.  The  water  surcharged  with  the 
mucilage  is  then  ckawn  off,  the  framing  is  reniovcu, 
and  the  flax  is  taken  out  of  the  vat  to  be  dried,  cither 
in  the  open  air  or  by  artificial  means.  .  .  .  When  the 
weather  is  favourable  for  drying  in  the  open  air,  the 
flax,  tied  up  in  tufts  or  handfids,  is  suspended  in  rows, 
tier  above  tier,  in  an  open  framing,  covered  m  at  top 
by  a  penthouse  roof."  In  damp  weather  the  flax  is 
piled  loosely  in  a  drying  chamber  into  which  a  current 
of  heated  air  is  passed,  which  quickly  canics  off  the 


moistmo,  the  wasff.  sleam  from  the  eugiuo  being 
economically  nserl  for  licating  the  air. 

Mr.  Bower  of  Leeds  has  patented  a  process  for 
improvements  in  rettiii/)  flax.  Tlie  patentee  has 
found  that  by  the  ordinary  method  of  water-retting 
a  portion  of  the  glutinous  matter  still  adheres  to 
the  fibre,  and  renders  it  unfit  for  the  scutchinir. 
By  the  improved  process  the  flax  is  slcpped  in 
water,  warm  or  eold,  and  after  a  few  days  Nix,  if 
cold  water  be  used)  taken  out  and  passed  between 
pressing  rollers,  for  the  purjjose  of  expressing  the 
glutinous  matters  from  the  interior  of  the  plant. 
The  steeping  is  then  continued  for  a  few  days, 
when  the  rolling  is  repeated.  The  flax  is  then  dried 
and  treated  in  the  ordiiuvvy  way,  when  it  will  be 
found  to  he  much  clearer  of  the  glutinous  mailer 
than  if  steeped  in  the  ordinary  way  for  a  much  longer 
time.  For  the  finer  descriptions  of  flax,  the  plant  is 
steeped  in  a  solution  of  caustic  anunouia,  common 
salt  or  Glauber  salt,  lib  of  caustic  ammonia,  or  of 
any  of  the  neutral  salts,  is  added  to  every  ISOlbs. 
of  rain-water,  and  with  this  solution,  at  any  tem- 
perature from  00°  to  120°,  the  operation  will  be 
completed  in  about  30  hours.  A  portion  of  one  of 
these  solutions  will  greatly  assist  tlie  retting  process 
first  described. 

Another  improvement  consists  in  operating  upon 
the  flax  in  a  vessel  exhausted  of  air ;  the  flax  being 
first  steeped  in  water  or  in  an  alkaline  solution,  the  air 
is  exhausted,  and  the  solution  acts  upon  the  flax  so 
quickly  and  elRciently  that  two  solutions  and  two  ex- 
haustions suffice  to  get  rid  of  the  glutinous  matter  in 
the  course  of  a  few  hours. 

BttE.iKiNG  AJJD  Scutching.  Nothing  now  remains 
but  to  fit  the  flax  for  tlie  market  by  separating  it  en- 
tirely from  the  wood.      This  is   priin;  iiird    HI    I;i:m, 

Holland,   and  Belgiuui   almost   in:  .  ; 

labour,  employing  a  great  numbcriil  p  i  j  .;  , 
partially  the  case  in  Ireland;  but  i.iaciiii.iiy  1.3  .li^o 
Lirgely  employed.  The  flax  prepared  by  hand  is  first 
bruised  in  a  machine  called  a  brake,  where  two  small 
rows  of  iron  grooves,  a,  a,  Fig.  938,  meet  on  the  flax, 
which  is  placed  between  them ;  so  that  each  convex  part 
of  the  upper  row  falls  into  the  concave  part  of  the  under 
row,  and  bruises  the  wood  without  cutting  or  injuring 
the  fibre.  This  is  worked  by  the  foot  pressing  upon 
a  flat  movable  piece  of  wood,  b,  which  is  attached  by 


aswcr  the  same  purpose,  and  give  more  power.  After 
ruising  in  this  machine,  the  woody  part  of  the  stem 
'ill  separate  freely  from  the  fibre  in  the  operation  of 
cutching,  leaving  it  in  reeds.  Scutching  is  performed 
•ith  a  broad  flat  blade  of  wood.  Fig.  030,  or  Fig.  040, 


)r  stiiug  to 
extremity  of  the   mac 


held  in  tiie  right  hand,  while  with  the  left  a  handful  of 
bruised  flax  stems  is  introduced  into  the  groove  Bof  the 
stand  K,  Fig.  942,  and  beaten  with  the  seuteh-blade  so 
as  to  strike  away  the  bits  of  woody  matter.  A  buH'- 
leather  belt  is  stretched  between  the  stand  and  an 
upright  stake  c,  wiiioh  is  inserted  into  the  flat  bottom ; 
aud  after  the  blade  strikes  the  flax,  it  falls  on  and 
rebounds  from  the  leather,  which  saves  much  fatigue 
to  the  worker.  Any  remaining  bits  of  wood  are 
cleared  away  with  a  broad  blunt  knife.  Fig.  941,  the 
flax  being  laid  across  the  worker's  leg,  which  is 
covered  with  a  piece  of  leather,  and  scraped  in  that 
position.  An  active  scutcher  can  turn  out  from  eight 
to  fourteen  lbs.  of  clean  flax  in  the  day,  provided  it  be 
well  watered  and  in  good  condition. 

The  process  by  machinery  is  as  follows : — 
The  retted  and  dried  flax  is  carried  to  the  rolling  or 
crushing  miU,  and  there  passed  by  hand  between 
rotating  horizontal  rollers  which  crack  the  boon., 
already  loosened  by  the  retting  process,  and  spread  or 
partially  separate  the  long  fibres.  The  flax  as  it  is 
delivered  out  of  the  machine,  is  gathered  up  by  boys 
and  handed  to  others,  who  submit  it  by  handfuls  to 
the  action  of  rotating  knives.  These  knives  are 
attached  to  the  face  of  a  vertical  wheel,  several  of 
which  are  mounted  on  one  and  the  same  shaft,  at 
about  3  feet  apart,  and  receive  motion  from  the 
engine.  There  is  an  attendant  stationed  at  every 
wheel,  whose  duty  it  is  to  submit  the  flax  to  the 
action  of  the  knives,  by  holding  it  over  a  fixed  bar 
contiguous  thereto,  and  allowing  the  rotating  knives 
to  strike  the  flax  in  the  direction  of  its  length.  When 
the  boon  on  one  half  length  of  the  flax  is  broken 
away  or  knocked  off,  the  flax  is  turned  over  and  the 
other  end  is  subjected  to  a  similar  treatment.  Further 
to  clean  the  flax  of  the  woody  particles,  it  is  again 
submitted  to  a  similar  operation  before  another  set 
of  wheels,  the  action  of  the  knives  being  in  this 
instance  more  thorough  and  searching,  as  the  flax 
has  now  approached  nearer  to  a  striek  of  fine  fibres. 
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The  accompanying  figures  will  sliow  tlie  action  of 
Mr.  MacAdam's  maeliiuerv. 

The  bruising  is  effected  by  metal  grooved  rollers, 
four  pair  being  necessary,  fluted  iu  different  breadths. 
Tlie  flax  is  spread  out  on  a  flat  table  a.  Fig.  943 ;  the 
first  pair  of  rollers  taking  it  in,  and  passing  it  to  the 
others  in  succession,  when  it  issues  completely  bruised. 
The  scutching  is  performed  by  a  number  of  blades,  c,  of 
wood  or  iron,  attached  to  arms,  d,  and  carried  round  by 
a  shaft,  e,  which  is  turned  by  the  motive  power.  The 
flax  is  held  by  workers  in  a  groove  f,  and  the  blades 
in  revolving  strike  it  quickly.  The  latter  process  is 
gone  through  three  times,  at  different  grooves,  before 
the  flax  is  considered  finished.  It  is  then  ready  for 
sale,  and  in  this  state  it  enters  the  flax-mill,  to  be 
acted  upon  by  the  heckVng  machine,  for  the  removal 
of  the  tow  or  short  staple,  before  undergoing  the 
various  operations  of  preparing  and  spinning  to  con- 
vert it  into  yarn.  Flax  is  tied  up  iu  bundles  of 
IG  or  24  lbs.,  the  former  termed  the  English,  the 
latter  the  Scotch  siom  These  bundles  are  tied  round 
with  three  oi  four  band'  ind,  if  \^cll  made  up,  cm 
be  fo<;<ird  nbout  wifho  it  : 


great  markets  for  flax,  to  supply  ine  spinning  trade 
of  the  three  kingdoms,  are,  respectively,  I,eeds, 
Belfast,  and  Dundee.  There  are  commission-merchants 
in  eacli,  to  whom  flax  may  be  sent  for  sale. 

Two  other  methods  of  preparing  flax  are  given 
by  Mr.  MacAdam  iu  his  valuable  essay ;  one  of 
which  consists  in  drying  the  flax,  after  pulling,  in 
stocks  of  a  peculiar  construction,  then  beating  off 
the  seeds,  and  steeping  afterwards;  the  other,  in 
drying  as  above,  and  then  storing,  the  seed  being 
beaten  off  during  winter,  and  the  flax  not  steeped  till 
the  following  summer. 

A  patent  has  been  taken  out  by  Kobert  Plummer, 
Esq.  of  Newcastle-upon-Tyne,  for  several  new  im- 
plements and  machines,  for  the  more  effectual 
dressing  of  flax.  Last  in  the  order  of  his  inventions, 
but  flrst  as  it  respects  actual  use,  is  X\\e  flax-breaking 
machine,  which  is  so  contrived  that  the  flutes  on  one 
roller  do  not  quite  touch  those  on  another ;  hence  the 
flax-straw  in  passing  between  them  is  less  damaged, 
while,  at  the  same  time,  it  is  more  completely  crushed 
and  prepaied  than  m  iny  other  machine.  Figs.  946 
and  147'  gue  a  back  ind  side  view  of  the  flax-break- 
ing machine,  in  which  the 
rollers,  five  in  number,  are 
placed  in  two  vertical  series, 
one  before  the  otner,  the 
front  one  of  two  rollers, 
the  back  one  of  three.  The 
flax-straw,  fed  into  the  ma- 
chine at  a,  passes  between 
tlie  top  and  middle  rollers 
be  oi  the  back  series,  and 
lb  duccted  downwards  by 
tht  back  plate  g,  so  as  to 
piss  between  the  middle 
\nd  bottom  roUeis  c  d  ol 
tlie  same  seiies,  and  it  then 
]>asses  through  the  two 
toilers  ef  of  the  front  se- 
ries The  lollcis  are  aU 
dm  en,  and  the  ends  of 
them  ha\  e  plain  parts  truly 
;  ;^  tumtd,  which  bear  upon 
f  )  each  other,  so  that  the 
iM£  flutes  of  one  roller  work 

into  the  spaces  of  the  next  adjoimug  roller,  and 
leave  a  spice  foi  the  fla\  straw  to  pass  through; 
the  lollers  are  weighted,  and  the  piessure  can  be 
regulaled  as  required. 

Iu  the  scutching  and  preparation  of  flax  foi  the 
spinning-mill,  Mr.  Plummer  is  of  opinion  that  tlie 
machinery  hitherto  used  for  these  processes  has  been 
applied  on  the  principle  of  seeking  to  attain  fiueness, 
by  reducing  and  destroying  the  character  of  the  fibre, 
rather  than  on  that  of  sustaining  whilst  cleaning  it. 
Instead  of  the  rigid  tools  to  which  it  is  usually  sub- 
mitted, he  therefore  applies  brushes  of  whalebone, 
split  into  various  degrees  of  fineness,  bristles,  or  other 

(1)  In  Fig.  947,  the  back  plate  for  bending  the  straw  downw.irils 


BiuUble    iiuleuJ'i,    ioi    ir  uly   all  the   [i  | 
piocesses       The   lo/aij/   Jnr    leiiUhiiir/   mil'    is   in 
tended  to  imitate  nioie  closely  than  has  yet  been 
doiu    1)\    lunhm.n,    th.     piuus,   of  h  md   scutch 


axle  with  it^  beirmgs  in  an  independent  mc  t  il  fi  i 
iiig,  kk^,  (the  uppei  poition  being  made  to  f  i  n  ) 
\\\i\\  a  lining  of  deals,  //,  the  metal  piece  ii  t  \[ 
the  fiont  end,  being  seemed  by  thiee  bolts,  can  be 
eisily  removed  foi  the  piupose  of  chmging  the 
blushes  in  the  dises  Tiio  iiimmg  is  stiffened  by 
01  OSS  pieees,  n  n,  at  the  back  end  by  three  long  bolts, 
and  metal  ferules  oi  pipes  between  each  stand  and 
poitiou  of  the  frame,  and  the  whole  is  sciewed  to- 
gether by  nuts  at  each  end  of  the  b  Jts  A  fiee 
space  is  lelt  at  the  back  end  of  the  casing,  to  allow 
the  air  to  be  tmowii  off,  and  at  the  top  the  space  is 
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contracted,  to  prevent,  as  niucli  as  possible,  the  air 
from  being  carried  round  in  tlie  same  direction  with 
llie  disc.  Tlie  back  end  of  the  disc  casing  may  be 
connected  with  an  exhaust  pipe,  to  carry  off  the  dust 
from  each  stand.  The  axles  a,  are  moved  by  a  band 
passing  over  the  pulley  b  {V  being  loose).  In  the 
ordinary  scutching  maehmcs  this  axle  carries  a  num- 
ber of  radial  arms,  with  naked  knives  or  blades 
fittRched  to  them,  as  in  fig.  913.  Tor  these  arms 
Mr.  riummer  substitutes  the  disc,  Cg.  949,  with  sets 
of  brushes  fixed  either  to  one  side  or  to  both  sides 
of  the  disc,  as  in  fig.  950,  in  which  latter  case  each 
disc  has  two  stands,  as  in  fig.  948.  The  disc  form  is 
better  than  that  of  radial  arms,  as  in  the  ordinary 
scutching  mill,  because  these  arms  in  theii-  revolution 
produce  cross  currents  of  air,  and  cause  the  flax  to 
rise  from  the  scutching  board  and  curl  round  the 
edges  of  the  knives  or  blades,  to  the  great  damage  of 
the  "=tiple  The  bnibhcs  mny  be  attached  to  the 
discs  at  my  oi  ^auous  angles  of  mclmation  by 
means  of  a  spung  catch,  so  thit  they  cm  be  readily 
taken  out  or  put  m,  oi  changed  fiom  one  side  of  the 
disc  to  the  other  Tiie  outer  ends  of  the  biushcs 
^\ear  more  rapidly  than  the  mnei  or  thobc  nearci  tl  e 
centre  of  the  disc  and  they  are  -^o  made  th  I  Le 
cii  !s  ma>  be  changed  a  id  tli  is  both  cnU  1  c  e  ^ualV 


worn  before  the  brush  need  be  renewed.  The  top,  t, 
of  the  scutching  board,  //,  on  which  the  flax  to  be 
scutched  is  laid,  is  placed  a  little  above  the  centre  of 
the  axle  a,  so  that  a  straight  line,  r,  drawn  from  llic 
centre  of  the  axle,  would  iutcrscet  the  middle  of  the 
top  line  of  the  scutching  boaiJ,  or  nearly  so,  instead 
of  passing  below  it,  as  would  be  the  ease  were  the 
scutchiug  board  placed  as  usual,  and  as  is  indicated 
by  the  dotted  line  j.  The  comb  o '  is  of  steel  wire, 
and  is  used  to  clear  the  brushes  of  any  fibres  adhering 
to  them  :  the  points  of  the  comb  may  reach  only  to 
the  face  of  the  brushes,  or  may  penetrate  a  short  way 
into  the  brushes :  the  back  of  the  comb  is  fixed  to  a 
door  formed  of  a  plate  of  iron,  turning  on  a  hinge, 
and  secm-ed  by  a  catch  with  a  handle,  so  that  at  any 
time  the  heckle  may  be  readily  cleared  without 
stoppage  to  the  machine.  The  comb  may  be  fixed  to 
any  convenient  part  of  the  framing,  and  at  any 
reqmied  angle 

The  flax  \\lnlo  being  scutched  is  held  in  a  holder 
instead  of  m  the  hand  as  in  the  oidmaiy  radls  Ly 
this  means  it  is  more  fully  and  e\  enly  spread  out, 
and  more  thoioughly  acted  on  by  the  blushes 

Ml  Plumiiei  has  al  o  mvented  %  double  ci/bmhr 
brushing  ma  hinc  of  «hich  fg  9^1  is  a  side  eltvr 
tion    and    fg    ''5''   an  end   Me\^       In   these   (    ( 


is  the  frame-work,  i '  i  '  are  two  cylinders,  each  j 
of  which  revolves  inwardly  upon  an  axis;  ce  are  1 
sets  of  bruslies  affixed  to  the  peripheries  of  the 
cylinders,  so  that  the  sets  of  brushes  of  the  one 
cylinder  shall  take  into  the  vertical  intervals  of  the 
sets  of  tlie  other  cyKnder,  and  thus  give  at  one 
and  the  same  time  a  front  and  a  back  stroke  to 
the  streaks  of  flax  let  in  between  them  :  d,  d,  are  the 
stripping  bars,  which  extend  along  the  whole  length  j 
of  each  cylinder,  and  rest  freely  in  slotted  bearings 
ee;ffwxc  scmir-ircukr  guards,  which,  during  a  little  | 


more  than  half  of  each  revolution  of  the  cylinders 
i  '  i ',  confine  the  stripping-bars  to  the  inner  ends  of 
their  slotted  bearings,  and  thereby  regidate,  as  usual, 
the  depth  to  which  the  brushes  or  heckles  shall 
■penetrate  the  streaks,  but  after  passing  a  Ime  drawn 
horizontally  through  the  centres  of  the  cylinders, 
allow  the  bars  to  strike  out  to  the  full  extent  of  their 
slotted  bearings,  and  thereby  to  doff  and  throw  down 
the  tow  left  adhering  to  the  brushes  which  have  just 
been  in  action :  i=  i^  are  two  smaller  revolving  cylin- 
ders, which  are  fitted  with  rows  of  brushes /?,^,  of  a 
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similar  elastic  description  to  c,  c,  aud  so  placed  in  [  harshness,  a  considerable  saving  may  be  effected,  and 
respect  of  the  larger  cylinders  4' i',  that  the  brashes  [  many  advantages  must  accrue  to  the  manufacturer 
g,ff,  shall,  as  they  revolve,  come  in  contact  with,  and  i  Heckling  is  the  next  operation,  by  which  the  flax 
free  the  working  brushes  c,  c  from  any  shive  or  dirt  is  cleaned,  split,  and  separated  into  fibres  in  parallel 
which  may  gather  upon  them,  or  from  any  Gbres  order,  while  the  coarser  matter  is  removed.  The 
which  the  stripping  bars  may  not  have  sufficed  to  |  heckle,  or  hackle,  is  a  sort  of  comb,  the  teeth  of  which 


y  down ;  /;  ^  is  the  trough  bolted  to  the  frar 


c  holders  which  contai 


the 


e  usually  of  iron  or  steel,  from  one  to  two  iuchcs 
length,  aud  very  sharp  at  the  points,  which  are 


work  a  a,  for  carrying  t 
streaks,  and  //  is  an 
inclined  grating  for  re- 
ceiving the  tow,  as  it 
IS  doffed  or  thiowu 
dofl  u  by  the  stuppnig- 
bars  fiom  the  brushes, 
and  pieoipitatcd  don  n- 
wauls  Motion  is  gn  en 
to  the  diifeient  paift 
of  the  machine,  fioni 
any  first  movci,  b\ 
means  ot  pullers  m 
sheaves  _;,_;,  att  icheil 
to  the  axle  of  one  ol 
the  c\lmdeis  b  ',  and 
by  the  wheel   gcauns. 

with,  maiked^, /',  /, 
/I  m,m\  and  n,  « », 
the  iclative  numbei  of 
revolutions  so  adjusted 
that  the  brushes  g,  r/, 
shall  revolve  at  twice 
tlie     speed     of     llio  '''.?■  ''-^-'• 

Dividing  into  lengths.  By  the  operation  of 
sciitchinrj,  the  flax  is  freed  from  all  its  woody  particles, 
and  is  ready  for  1  lie  flax  mill,  where  it  is  converted 
into  linen  yam.  Tlie  length  of  the  staple  in  flax 
varies  from'sG  to  30  or  3G  iuchcs.  The  part  nearest 
ilie  root  is  coarse  and  strong,  the  middle  part  fine 
and  strong,  and  the  upper  part  fine  but  nut  so  strong. 

Tlie  flax  is  therefore  divided  into  three  lengths,  and  '  perhaps  contain  upwards  of  a  thousand  teeth, 
the  parts  from  the  bottom,  middle,  and  top,  being  col-  lieckling,  the  workiuan  seizes  a  lock  of  flax  by  the 
lected  into  separate  heaps  or  slricks,  several  qualities  middle,  throws  it  upon  the  pomts  of  tlie  coarse 
of  thread  are  afterwards  formed  from  them.  Occa-  heckle,  and  draws  it  towards  him;  at  the  same  time, 
sionally  the  flax  is  divided  into  four  or  five  length.s,  with  the  other  hand,  spreading  the  flax,  and  prevent- 
instead  of  three,  but  in  either  case  the  division  must  ing  it  from  sinking  too  deeply  among  the  teeth.  In 
be  made  by  a  tearing  of  the  filaments  instead  of  this  way  the  flax  is  divided  into  two  parts,  the  short 
cutting  them,  as  the  latter  would  unfit  them  for  fibre  or  tow,  and  the  long  fibre  or  line.  One-half  the 
spiniimg.  An  ingenious  machuie  is  therefore  in  use  length  being  heckled,  tlie  other  half  is  turned  round 
for  cfl"ecting  tliis  in  a  regular  manner.  It  consists  of  and  prepared  in  a  similar  way.  The  process  is  then 
a  number  of  upright  wheels,  and  a  centre  wheel  repeated  on  tlie  fine  licckle,  until  the  requii 
funushed  with  oval  teeth.  A  boy,  holding  a  handful 
of  flax  at  both  ends,  passes  it  between  two  side 
wheels,  which  hold  it  securely  while  the  centre 
wlici-l  tears  it  across.  The  latter  moves  with  great 
rapidity,  while  the  holding  wheels  move  slowly,  so 
that  the  diriding  wheel  has  time  to  do  its  work  before 
the  flax  escapes  from  the  pressure  of  the  holding 
wheels. 

Mr.  Plummer  deprecates  the  plan  of  cutting  up  the 
flax  into  lengths,  and  maintains  that  if  a  long  and 
gcncroiLs  fibre  be  treated  with  gentleness  instead  of 


s  four-sided  instead  of  round,  for  the  better 
1  of  the  fibres.  They  arc  arranged  on  an 
,  1'  1^-  (lassed  through  holes  in  a  brass  or 
':'■'.[  is  fixed  to  a  square  or  circular 
.  Mns  from  an  oblong  plank.  Two  dr 
'.,  i  "  HiTerent  degrees  of  fineness,  may  be 
5  plank  ;  the  finest  may 


produced.  One  hundred  pounds  of  well-cleaned  flax 
is  reckoned  to  yield  from  forty-five  to  sixty  pounds  of 
line,  the  rest  being  tow,  boony  particles,  and  dust. 
An  unskilful  heckler  produces  more  tow  than  flax, 
but  a  good  heckler  throws  the  flax  more  or  less  decii 
among  the  teeth  according  to  cireumstaucrs,  and 
exercises  the  force  and  dcxtcrilv  vlri  li  :•.  >■  ii<  rr  .-ary 
to  separate  it  into  fiac  para  11  1  ■■  .  ~  -  i  n.^s 
between  the  first  and  second  1:  ,  ■       i    x  is 

folded  up  ill  a  bundle,  and  bealni  i':".ii  a  liI-  k  uith 
a  wooden  mallet,  after  which  it  is  well  rubbed  wilh 


tlie  hands.  Tlic  sort  of  assistance  thus  given  to  the 
heckler  may  be  gauied  also  by  bniising  the  flax  upon 
a  board  with  a  stiff  brush,  and  also  by  boiling  in 
potash-lye. 

Heckling  by  machinery  is  generally  practised  in 
large  mills.  The  flax  being  divided  into  lengths  of 
about  10  or  12  inches,  a  certam  quantity  i>  t;  ■  ;i, 

A  number  of  tli 

volving  drum,  and  hooked 
on  at  distances  of  a  few 
inches  from  each  other ; 
their  ujisupported  cuds  fall- 
ing on  an  internal  drum  covered  with  sharp  heck- 
ling teeth,  and  revolving  with  considerable  velocity, 
and  in  a  contrary  dii'cction  to  the  outer  one,  the 
motion  of  which  is  rather  slow.  When  one  machine 
has  done  its  work,  the  holder  is  thrown  off  upon 
a  rail,  from  which  the  machine-minder  removes  it  to 
the  second  heckling  machine,  where  the  other  side  of 
the  strick  is  heckled ;  thence  to  a  third,  and  so  on, 
until  the  proper  fineness  is  obtained.  In  some  ma- 
chines the  lower  euds  of  the  flax  in  each  strick  are 
fust  acted  on,  and,  as  the  strick  advances,  the  middle 
part,  and  lastly,  the  whole  length  of  the  hanging 
fibres  are  gradually  brought  on  to  the  heckles,  and 
botii  sides  of  the  strick  heckled  at  the  same  time.  By 
this  method  the  long  fibres  arc  not  broken,  and  a 
smaller  quantity  of  tow  is  produced.  The  holders 
are  then  returned  to  the  children  to  be  opened,  the 

iuverl  J  :     ■  ii  the  heckhng 


machines  as  before.     Fig.  95i  gives  a  view  of  I  his 
macliine,  and  the  appearance  of  the  girls  at  work.' 
The  heckled  flax  is  greatly  improved  in  appearance ; 


the  Ihie  consists  of  long,  fine,  soft,  glisteuuig  fibres, 
of  a  bright  silver-grey  or  yellowish  colour.  Thia 
alteration  is  due  to  the  splitting  of  the  fibres  by  the 
sharp  points,  as  also  to  the  getting  rid  of  dirt  and 
dust,  but  chiefly  to  the  removal  of  the  short  loose 
fibres,  or  tow,  of  which  the  larger  portion  is  obtained 
li<.;ii  the  upper  part  of  the  oi  _in  -1  i-i.l  iti.  A  large 
,    'iiiityof  the  dust  escape     ■      ,  i    ,    i   ..     ;  ihe  re- 

iiuvcd,  or  it  would  si"i  i  r  >;,,■  ii|i  Aw  spaces 
between  the  heckle  points  and  prevent  their  further 
action :  a  series  of  brushes  fixed  upon  wooden  cylin- 
ders are,  tlierefore,  made  to  revolve  while  the  machine 
is  in  action ;  the  bristles,  passing  between  the  points 
of  the  heckles,  remove  the  tow  or  other  loose  matter 
therefrom. 

Tow,  being  similar  to  cotton  in  its  fibre,  cotton 
machinery,  in  a  modified  form,  has  been  applied  to 
spin  it.  The  tow  is  therefore  transferred  from  the 
brashes  to  a  revolving  drum  covered  with  cai-ds,  as  in 
the  cotton  carding-engiue,  from  which  it  is  taken  off 
by  a  comb  moved  by  a  crank :  it  is  carded  a  second 
time,  and  formed  into  a  continuous  sliver:  this  is 
transferred  to  the  drawing-frame,  and  extended  by 
means  of  rollers  in  the  usual  way,  the  fibres  being 
laid  parallel  by  means  of  a  series  of  gills  or  heckling- 
poiuts.  The  sKvers,  being  properly  doubled  and 
drawn,  are  formed  into  rovings,  and  then  wound 
upou  bobbms,  after  which  they  are  spun  into  a  fine, 
but  not  very  strong  thread. 

In  heckling  machines,  Mr.  Plummer  also  comes 
forward  as  an  improver.  Wo  have  already  seen 
tliat  iustead  of  first  employing  the  rigid  tools  used  in 
heckling,  he  subjects  the  flax  to  his  brmhiny  machine, 
where  hrnsiies  made  of  elastic  materials  act  gently 
01  the  fibre,  and  produce  a  cleaner  and  brighter  state 
1  of  the  flax,  with  less  waste.  In  the  hecHing  machines, 
I  to  which  the  flax  is  then  removed,  brushes  are  again 
substituted  to  a  great  extent.  Mr.  Plummer's  in- 
.i-.itions  in  heckling  machines  compiise  a  double- 
■:idcr  machine,  best  adapted  for  cut  flax,  and  an 
■Clinton/  double  s/teel  machine  for  long  flax,  in 
I  ii  of  which  brushes  unite  with  heckles  to  produce 
111  desired  effect.  The  advantage  of  (/oai/^ machines 
'  .  tliat  they  dress  both  sides  of  the  flax,  and  thus 
liuiilile  the  quantity  of  work  is  obtained.  Li  tiie 
lirst  place,  both  sides  of  the  llax  are  brushed  before 
meeting  the  heckling  points  or  |iius,  by  which  means 
crossed  or  entangled  fibres  are  got  rid  of.  Improved 
holders  are  also  introduced,  which  spread  out  the 
flax  better  and  expose  it  more  reguhirly  to  the  brushes 
and  points.  The  brushes  and  plus  are  made  to  work 
close  up  to  the  holder,  and  the  ojiposing  set  of  pins 
is  made  to  intersect  and  strike  the  flax  so  as  not  to 
injure  the  fibre  By  this  n 
tow  is  produced,  and  both  are  freed  from  shive  and 


red  withuut  the  usual 
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dii-t.    Tlic  tow  is  ; 
dulliug  appaiatus 

Tlie  steel  eugi-aviug,  and  Pig.  955,  represent  a  side 
and  eud  elevation  of  the  double  cylinder  heckling 
luachiue,  adapted  to  the  dressing  of  cut  or  short  tlax. 
There  aio  two  revolving  cylinders,  A '  4 ',  mounted  in 
a  IVtime-work  a,  a  ;  attached  to  their  peri[jheries  are 
sola  of  rigid  heckles,  c',  klenuix.'d  with  the  sets  of 


elastic  brushes  cc,  (in  any  way  that  may  be  deemed 
most  advisable.)  Tlie  cylinders  are  also  made  to 
revolve  inwardly,  or  in  opposite  directions,  and  the 
rows  of  brushes  and  heckles  on  tlie  one  cyluidcr 
are  placed  in  an  alternating  order  iu  regard  to 
those  of  the  other  cylinder.  There  are  also  loose 
stripping  bars  witli  guards,  that,  besides  regulating 
the   dci)t)i  to  which  the   heckles  or   brushes  shall 


l)enetrate,  doff  or  throw  down  the  tow  from  the 
brushes  and  heckles,  and  two  smaller  cylinders  i",  i  -, 
fitted  with  brushes,  for  cleaning  the  working  brushes 
and  heckles  c,  e'.  One  of  the  cylinders  A',  may,  if 
required,  be  made  to  osciUatc  by  means  of  the  link 
h\h\  which,  as  it  rises  and  falls  with  the  lifter  to 
which  it  is  attached,  moves  the  cylinder  in  a  horizoni  al 
direction  to  and  from  the  other  cylinder ;  the  bearuigs 
of  the  oscillating  cylinder  being  made  to  slide,  and 
attached  by  a  rod  to  the  radius  arm  to  which  the 
stud-pin  of  the  wheel  m '  is  fixed,  the  whole  of  the 
wheels  k^,  I',  m ',  and  ti '  are  thus  kept  in  gear, 
to  answer  the  varying  positions  of  tlie  oscillating 
cylinder.  Rotation  is  given  to  tlie  rotating  parts  of 
this  machine,  as  in  the  one  first  described,  but  the 
holder  is  made  to  traverse  or  niove  forward  in  the 
trough  (which  movement  may  also  be  applied  to  the 
brushing  machine),  by  the  combination  of  a  rack 
or  of  a  bell-crank  movement  with  the  rising  and 
fallmg  motion  of  the  trough,  as  afterwards  described. 
The  mechanism  for  lifting  the  trough  k  is  partly 


shown  in  Fig.  955  :  it  o 
pmions,  wheels,  a  cam,  straps,  pulleys,  and  levers 
such  as  is  ordinarily  used  iu  heckling  machines. 
Wlien  the  trough  is  raised,  it  pushes  up  a  rod 
X,  Fig.  955,  which  is  connected  to  the  long  arm 
of  the  beU-orank  y,  mounted  on  a  standard  affi.\ed 
to  tne  top  of  the  frame-work  a,  when  a  weight  w, 
which  is  attached  to  the  opposite  eud  of  the  arm, 
falls  over,  and  causes  the  short  arm  of  the  bell-crank 
to  pull  iu  a  rod  z  i,  which  draws  forward  a  finger  bar 
X,  (of  the  ordinary  construction,)  to  an  extent  suf- 
ficient to  advance  the  holder  the  breadth  of  one  set 
of  heckles  or  brushes.  The  tow  and  shive  or  dirt 
doffed  or  thrown  down  from  the  heckles  or  brushes 
is  in  this  case  received  upon  an  endless  chain  of  bars 
t,/,  which  extend  the  whole  lengtli  of  the  machines 
under  the  heckles  and  brushes,  and  are  connected 
together  by  two  side  bands.  The  chain  of  btirs  re- 
volves round  two  friction  pidleys  v  v,  and  takes  into 
two  pinions  ti,  (one  on  each  side) ;  by  means  of 
pinions,   rotation   is  giveu  to   the   cham  from   the 
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same  first  mover  by  wliicli  the  other  parts  of  tlie 
machine  are  put  in  motion.  The  shivc  or  dirt  falls  ! 
through  between  the  bars  on  to  tlie  floor,  while  the 
tow  is  cai-ried  forward  on  the  top  of  the  bars  and 
delivered  into  the  trough  t'.  To  separate  the  tow 
doifed  from  each  set  of  heckles  or  brushes,  the  space 
between  the  endless  chain  of  bars  and  the  cylinders 
is  divided  by  partitions  into  as  many  compartments 
as  there  are  sets  of  heckles  or  brushes,  and  the  re- 
ceiving trough  t',  is  also  divided  into  a  correspondmg 
number  of  compartments. 

A  view  of  the  holder  for  this  machine  is  given  in 
Fi-  P5G,  a  cioss  ^c.nin,,,  ami  Fig  'JJT,   i  h.n-ifiullnal 


^' 
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section.  It  consists  of  two  plates,  Nos.  1  am 
connected  transversely  by  a  screw-bolt  s,  and  ha 
flanges  A,  A,  at  their  upper  edges,  by  means  of  which 
they  are  supported  in  the  trough  //.  The  plate  No. 
2  has  two  flanges  b,  b,  one  on  each  end,  whicli 
come  within  the  two  flanges  a,  a,  of  the  jilate  No.  ], 
and  thereby  confine  the  streak  at  the  edges.  Tlie 
inner  face  of  the  plate  No.  2  is  planed  perfectly  true, 
and  covered  with  felt,  clotli,  or  some  other  soft  or 
yielding  material ;  but  the  plate  No.  1  is  made,  on 
its  inner  rnv.  -;  -ili  i!  .:  Inads  c,  and  flat  grooves  D, 
in  altirii  r        .'  ■!■  ■  tl,e  streak  of  flax  or  other 

matcri:il  )  'v  compressed  between  the 

plates    W--      ,■     \        _        :.ii,!v    crirapcJ,       At    their 

of  the  holder  comn        .      ,  -( 

construction,  the  I':      •         i     -   -     .  i.f 

of,  to  confine  the  uiilir  LiiL;'->  i  1  Ih'j  slirik,-.,  ;uc 
dispensed  with,  and  a  greater  breadth  is  obtained 
whereon  to  spread  the  streaks,  and  the  holder  is  also 
narrowed  and  rendered  more  easy  to  work. 

Sorting. — The  heckled  flax  or  line  is  sorted  pre- 
paratory to  drawing  and  roving.  Sorting  is  an 
operation  in  which  the  sense  of  feeling  is  cultivated 
to  a  remarkable  extent,  the  line-sorter  judging  of  the 
various  degrees  of  fineness  by  the  touch  rather  than 
by  the  eye,  and  by  this  means  separating  the  stricks 
of  heckled  flax  into  several  divisions  according  to 
their  fineness.  The  line-sorter  seats  himself  before  a 
sortin{i-box,  which  is  a  kind  of  table  containing  several 
boxes  or  divisions  for  receiving  the  various  qualities 
of  line,  which  nrc  called  21bs.,  31bs.,  3ilbs.,  41bs , 
51bs.,  5J''  .  '■'''  'J''  .  I"i":n  an  old  method  of  com- 
'li.  which  will  be  further 
hi  the  course  of  sorting,  the 
line  is  fir.|ni  /Is  iliiiwii  thrnup-h  a  block  heckle,  in 
order  to  koc]i  the  tlliros  parallel.  The  tow  is  also 
sorted  into  qualities  preparatory  to  spinning. 

Spreading,  dkawixg,  and  roving. — The  sorted 
line  is  next  converted  into  ribands  or  slivers.  For 
this  pni^pose  it  is  spread  upon  a  feeding  cloth  in  such 


a  manner  tliat  tlie  ends  of  the  second  strick  reach  the 
middle  of  the  first.  In  this  way  a  uniform  thiebicsi 
is  preserved,  since  the  heckled  strieks  are  thicker  in 
the  middle  than  at  the  ends.  The  flax  is  then  passed 
between  one  pair  of  rollers,  which  deliver  it  through 
gills  or  heckling  points  to  a  second  i^iir,  which, 
moving  with  much  greater  speed  than  the  first,  increase 
the  length  and  diminish  the  thickness  of  the  flax. 
During  this  operation  the  flax  receives  no  twist,  but 
is  converted  into  a  flat  narrow  tape  or  riband,  which 
is  received  into  a  tin  can.  When  the  can  is  full  it  is 
taken  to  a  drawing  or  spreading  frame,  where  a 
number  of  slivers  are  united  and  drawn  into  one 
length.  Three  sets  of  these  frames  are  often  used, 
and  when  the  vrriter  inspected  the  processes  at 
Messrs.  Jlarshall's  mill,  8  slivers  were  drawn  into 
1  at  the  lirst  frame  ;  12  into  1  at  the  second, 
anil  15  into  1  at  the  third.     The  frames  are  attended 

(  by  young  women,  each  of  whom  has  the  charge  of 
four. 

The  slivers  next  go  to  the  roving  frame,  where  they 
receive  a  slight  degree  of  twist  and  are  wound  upon 

'  bobbins  preparatory  to  spinning. 
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Si'iNNisG. — The  extension  of  the  factory  system 
has  had  the  effect  of  banishing  the  flax  and  cotton 
spinning  mIiccI,  as  well  as  the  hand  loom,  from  the 
cottage  of  the  weaver.  During  many  centmies  the 
production  of  linen  in  Ireland  was  so  common  that  it 
was  almost  regarded  as  the  national  manufacture. 
Before  the  establishment  of  factories  "  the  spinning  of 
yarn  by  hand  was  the  ordinary  occupation  of  the 
females  of  almost  every  family  in  the  province  of 
Ulster  connected  with  the  linen  weaving.  It  was  a 
constant  soiu'ce  not  only  of  employment,  but  of  fair, 
and  sometimes  even  liberal  profit,  and  of  a  nature 
eminently  adapted  to  the  social  and  physical  capabili- 
ties of  those  who  followed  it.'"  The  substitution  of 
mill-spun  yarn  for  the  hand-spun  has  superseded  the 
domestic  spiimer  and  weaver. 

The  spinning  of  flax  differs  little  from  the  throstle- 
spinning  of  cotton,  [see  Cotton,  page  405,]  but  the 
fibres  of  flax  have  not  the  same  tendency  to  entangle 
themselves  together  as  those  of  cotton,  therefore  it  is 


nectssnrv  (o  noisten  llifm  witli  \vater  to  make  tbem 
adii:^  ■  '  '  '  >•!;(!,  '  '  M  to  make  them  more 
).li  !.  ,     ;.  I    lil  recently,  the  flax 

I'm  !  vr  iriiL'd  with  cold  water, 

but  ,)  grill  ;  !  -r  \iiiiciii  ill-,  breu  effected  by  sub- 
stituCir-  \va(ri-'at  the  h-inperature  of  120°,  which 
allows  a  much  finer  and  more  uniform  thread  to  be 
spun,  and  double  the  length  to  be  obtained  from  a 
given  weight  of  flax.  The  warm  water  is  contained 
in  a  trough,  which  extends  the  whole  length  of  the 
spinning  frame,  and  the  rapid  motion  of  the  spindle 
causes  a  dewy  spray  to  be  continually  thrown  off.  A 
great  inconvenience  was  for  a  time  experienced  by  the 
attendants,  whose  clothes  were  completely  wetted  in 
an  hour  or  two  by  this  minute  spray,  but  the  use  of 
water-proof  aprons  has  been  found  a  suificient  remedy. 
This  operation,  however,  produces  a  hot  steaming 
atmosphere,  wliich  is  painfid  to  casual  visitors  of  a 
flax  mill,  though  not  unpleasant  to  the  operatives. 

The  yarn,  by  doubling,  is  made  into  linen  thread, 
which  is  bleached  and  formed  into  balls  or  reels.  The 
yarn  itself  is  wound  upon  reels,  and  then  made  up 
into  leas,  hanks,  bundles,  &c.,  as  in  the  following 
invoice. 
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(Six  bundles  are  usually  put  together  in  one  bunch.) 

The  fineness  of  linen  yarn  is  reckoned  by  the 
number  of  leas  to  the  pound  weight.  Li  1839  the 
common  limit  of  fineness  of  linen  yarn  spun  by  ma- 
chinery was  about  150  leas,  and  this  was  all  used  for 
different  descriptions  of  common  linens,  not  being 
sufficiently  fine  for  the  manufacture  of  fine  cambric 
or  of  lace ;  but  yarns  from  this  limit  up  to  2i0  leas 
were  spun  by  machinery,  for  the  manufacture  of 
Irish  lawns  and  coarse  cambrics.  At  the  same  time 
yarns  of  from  300  to  400  leas  were  spun  by  hand 

In  sorting  line,  the  various  qualities  aie  di\  idcd  into 
2,  3,  3^  pounds,  &o.,  as  above  mentioned.  In  luieu 
yams,  the  bundle  of  60,000  yards  is  sometimes  called 
by  its  number  of  leas  per  lb  ,  or  by  the  weight  of  the 
bimdle.  Thus  a  bundle  of  25  leas  to  the  lb  weighs 
8  lbs.;  a  bundle  of  50  leas  to  the  lb.  weighs  41bs  ,  a 
bundle  of  100  leas  to  the  lb.  weighs  2  lbs  ,  so  that 
8  lbs.  and  25  leas,  and  i  lbs.  and  50  leas,  and  2  lbs 
and  100  leas,  are  synonymous  terms,  as  fai  as  th( 
size  is  concerned.  In  sorting,  a  ccitain  rpuhtv  ot 
line  will  spin  to  a  certain  size  or  weight  pci  bundle, 
and  it  was  formerly  the  custom  of  line  sortcis  to  call 
certain  qualiti.'-,  2  lbs.,  3  lbs.,  SJ  lbs  ,  4  lbs,  &c 
Ix'cauM  ill  li  (]ii  i;i',  iif  line  woidd  spin  to  thatwci!,lit 
IHi   i.  I       '    ;m'  standard  and  name  aic  Jill 

ri  r  I  i<  for  the  same  quality  oi  hue 

but    li     II    I      ;    \i  I"  Ilia   in   machinciy,   and    othei 
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causes,  5f-liue  can  now  be  spun  to  the  size  of  3  lbs. 
the  bundle,  and  even  finer. 

Statistics.  So  long  as  the  production  of  linen 
yam  was  conliued  to  the  spimiing-wheel,  linen  was  a 
costly  article,  and  the  trade  necessarily  limited.  The 
powerfid  effects  upon  the  wealth  and  industry  of  the 
country,  by  the  introduction  of  cottou  machinery, 
was  soon  extended  to  flax.  Mr.  Marshall  states 
that  "before  flax- was  spun  by  macliinery,  the  French 
and  Belgian  spinners  were  so  superior  to  anything 
tliat  we  had  in  this  country,  or  in  Ireland,  that  the 
linoiis  ^^cre  a  great  part  of  them  imported  from 
Fi.Mi.ii  I -,  .11  I'lHii  the  north  of  Europe." 

' '  I  i.iiig  flax  were  first  constructed  at 

1>  •  sixty  years  ago,  and  the  improve- 

11,  .-'^  HiiHii  'ii;,\e  been  made  in  spinning  and  in 
bkaihiug,  \'C.,  have  raised  the  British  trade  to  the 
same  level,  and  even  above  that  of  foreigners ;  so  that 
besides  supplying  our  own  markets,  we  export  largely. 
Our  exports  of  linen  yarn  are  considerable.  In  18-48 
they  were  of  the  declared  value  of  493,449/. ;  in  1849, 
737,050/.;  in  1850,  887.295/.;  in  1860,  1,801,272/.; 
in  1861,  1,605,800/.  To  some  countries,  France  for 
example,  our  exports  have  gone  on  gradually  dechning 
in  consequence  of  the  success  of  native  manufactures. 
Our  chief  exports  of  linen  yarn  are  to  the  Hanse 
Towns,  Holland,  Belgium,  Spain,  and  the  Canaries. 

In  ISOl  there  were  imported  into  the  United  King- 
dom, of  flax  and  tow,  or  codilla  of  fla.x,  1,333,679  cwts., 
of  which  1,031,044  cwts.  came  from  Russia  and 
Prussia. 

The  principal  flax  mills  in  England  arc  iu  the 
West  Riding  of  Yorkshire,  and  its  immediate  vicinity, 
and  iu  Lancashii'e,  Dorset,  Durham,  and  Salop.  In 
Scotland,  Dundee  is  the  chief  scat  of  this  trade ;  and 
in  L-eland,  Belfast.  Some  years  ago  Mr.  Marshall 
stated  that  the  linen  trade  had  doubled  in  England, 
and  trebled  in  Scotland,  within  half  a  century ;  and 
that  the  improvements  in  machinery  had  been  sucli, 
that  in  order  to  keep  pace  with  them  he  had  re-con- 
structed his  mill  twice  witlun  that  period.  This 
must  Inve  been  a  costly  proceeding,  since  the  number 
of  peisons  employed  by  hun  amounts  to  abo\c  2,000 
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lig.  959  is  the  appearance  of  tlie  roof  of  Marsliall's 
one-storied  flax  mill,  a  description  of  which  is  given 
in  the  article  Factory. 

FLAX,  coTTONisiNG  OF.  An  interesting  discovery 
has  been  made  by  a  gentleman,  formerly  an  exten- 
sive cotton-grower  and  slave-owner  in  the  Brazils,  by 
name  the  Chevalier  Claussen.  This  is  no  other  than 
that  flax  may  be  employed  to  a  great  extent  in  the 
same  way  as  cotton,  and  may  be  adapted  for  mixing 
with  wool.  The  important  results  that  are  likely  to 
(low  from  this  discovery,  with  the  prospect  of  a  new 
market  for  home-grown  flax,  make  it  desirable  to  give 
(he  details  of  the  origin  of  the  idea.  The  chevalier,  it 
appears,  was  wandering  along  the  luxuriant  banks  of 
one  of  the  Brazilian  rivers,  wnen  liis  attention  was 
arrested  by  a  white  downy  substance  adhering  to  the 
branches  of  trees  overhanging  and  touching  the  stream. 
Thinking  that  he  had  discovered  some  hitherto  un- 
known vegetable  substance,  he  collected  a  quantity 
of  it,  and  eudeavoui'ed  to  ascertain  whence  it  came. 
At  last  he  traced  it,  not  to  some  aew  plant  or  siu-ub, 
as  he  had  expected,  but  to  his  own  bed  of  flax-straw, 
which,  long  before,  had  been  thrown  as  refuse  on  the 
banks  of  the  river.  To  this  heap  the  swollen  waters 
had  occasional  access  ;  fermentation,  and  decomposi- 
tion of  a  portion  of  the  plant  had  taken  place,  and,  in 
time,  the  influence  of  natural  cliemistry  had  so  sepa- 
rated the  filaments  of  the  flax  fibre  as  to  give  the  mass 
a  cotton-like  appearance ;  and  some  of  it,  having  been 
washed  into  the  river,  had  been  arrested  by  the  over 
hanging  branches.  Although  the  substance  thus 
accidentally  discovered  was  far  from  being  in  tiie 
state  which  would  fit  it  for  the  hands  of  the  cotton- 
spinner,  yet,  even  in  its  then  imperfect  condition,  it  led 
the  chevalier  to  entertain  the  idea  of  completing,  by 
tiie  aid  of  chemistry,  that  which  nature  had  partly 
accomplished. 

M.  Claussen  accordingly  sec  on  foot  a  series  of 
experiments,  which  have  led  to  remarkable  results. 
lie  has  cleared  away  difficulties  that  have  long  been 
felt  in  every  stage  of  the  preparation  of  flax,  and 
has  proved  that  the  cottonising  process  may  be 
earned  on  successfully  in  tliis  country.  It  has  been 
known  for  some  years  that  the  fibre  of  the  flax 
is  separable  from  the  straw  without  steeping,  and 
anv  one  rubbing  a  ripe  stalk  of  flax  between  his 
fingers,  may  find  that  a  partial  separation  takes  place 
in  his  liand.  But  it  was  for  Claussen  to  turn  this 
knowledge  to  practical  account  by  constructing  a 
machine  which  should  enable  the  grower  to  efi"ect  tiiis 
desirable  separation,  and  thus  reduce  the  bulk  of  a 
crop  which  pi-eviously  liad  either  to  be  taken  to 
market  as  it  was  grown,  or  to  be  subjected  to  trouble- 
some and  expensive  processes.  This  machine  docs 
little  more  than  separate  the  straw,  the  fibres  being 
still  partially  held  together  by  the  gum-resin.  But 
even  now,  the  flax  is  in  a  state  which  makes  it 
suitable  for  strong  and  coarse  fabrics,  sucli  as  sail- 
cloth, ropes,  cord;ige,  canvas,  &e.,  and  it  may  be 
profitably  applied  to  many  of  these  uses  as  a  substitute 
for  Russian  hemp.  In  order  to  fit  it  for  the  linen 
manufactui-er,  and  also  for  the  cottonising  process,  a 


more  complct  e  separation  of  the  fibres  must  be  attained 
by  steeping.  But  this,  according  to  the  existing  plan, 
occupied  too  much  time,  and  also  was  not  sufficiently 
uniform  in  its  action  to  satisfy  Claussen.  He  there- 
fore adopted  the  plan  of  boiling  the  flax  for  about 
six  hours  in  a  weak  solution  of  caustic  soda,  or  if 
time  could  be  aUnwed  the  solution  was  heated  to 
about  150°,  and  ttie  steeping  continued  for  twelve 
hours.  Caustic  potash  or  lime  may  he  used  instead 
of  soda.  This  completely  dissolved  the  resinous  and 
oily  substances  of  the  plant,  ]noducing  a  soapy  kind 
of  liquid,  whicli  removed  at  the  same  time  all  ex- 
traneous matter,  leaving  it,  unlike  flax  steeped  by  the 
ordinary  method,  perfectly  free  from  stain  and  im- 
purity. By  this  valuable  method,  the  preparation  of 
long  fibre  is  not  only  efifected  in  one  day,  instead  of 
perhaps  a  dozen,  but  it  is  also  uniform  in  strength, 
and  can  be  bleached  and  dyed  with  much  less 
trouble. 

If  the  fibre  is  required  to  be  long,  such  as  is  now 
commonly  spun  in  flax  machinery,  the  free  alkali 
adhering  to  the  fibre  is  got  rid  of,  together  with  any 
remaining  gummy  matter,  by  steeping  it  for  about  2 
hours  in  water  acidulated  with  sulphuric  acid,  or 
instead  of  this,  the  wet  flax  is  exposed  to  the  fumes 
of  burning  sidphur.  The  acid  combines  with  the 
alkali,  forming  a  sulphite  or  a  sulphate,  according  to 
the  acid  employed.  The  flax  is  next  washed  in  water, 
and  then  bleached. 

In  the  bleaching  process,  a  gi-eat  portion  of  the 
chlorine  or  chloro-compound  is  kept  in  a  combuied 
state,  and  reserved  for  future  use.  The  goods,  after 
having  been  passed  tlirough  the  bleaching  liquor, 
(such  as  a  solution  of  hypochlorite  of  lime,)  are 
steeped  in  a  strong  solution  of  some  salt  whose  acid 
has  a  more  powerful  affinity  for  lime  than  the  hypo- 
chlorous  acid.  Thus  a  strong  solution  of  sulphate  of 
magnesia  may  be  employed,  the  sulphuric  acid  of 
which,  having  a  strong  affinity  for  lime,  combines 
witli  the  earthy  base  of  the  bleaching  salt,  and  forms 
srdphate  of  lime,  and  the  chloro-compound  being- thus 
liberated,  unites  v/ith  the  magnesia  of  the  sulphate 
of  magnesia  and  forms  a  new  salt,  hypochlorite  of 
magnesia,  having  bleaching  properties  similar  to  the 
lime  salt  fli-st  employed  This  newly-formed  com- 
pound may  be,  in  the  next  mstance,  used  as  a  primary 
bleaching  agent,  and  may  again  be  subjected  to  the 
process  of  double  decomposition  as  in  the  foregoing 
example.  The  advantage  of  this  method  is,  that  tht; 
chlorine,  instead  of  escaping,  or  remaining  long 
enough  in  contact  with  the  goods  to  injui-e  them,  is 
made  to  form  a  new  salt,  having  bleachmg  properties. 
By  another  method  of  bleaching,  the  goods  are  ex- 
posed to  the  fumes  of  burning  sulphur  while  still 
wet  with  the  solution  of  bleaching  liquor,  such  as 
hypochlorite  of  lime.  A  portion  of  the  sulphurous 
acid  (itself  a  bleacliing  agent)  combines  with  the  base 
of  the  chloro  conipound  salt  to  form  a  sulphate  of 
lime ;  and  in  this  way  the  chlorine  remaining  in  the 
wetted  goods  is  liberated,  and  allowed  to  act  freely 
upon  the  articles  to  be  bleached. 

The  flax,  being  washed  and   dried,  is  ready  for 


breaking  ami  scutching,  as  in  the  ordinary  manufac- 
ture of  long  flax.  It  is,  however,  advantageous  to 
pass  the  straw  between  rollers,  so  as  partially  to 
break  it,  before  submitting  it  to  the  action  of  the 
chemical  agents  above  noticed. 

If  the  fibre  is  required  to  be  short,  so  that  it  may 
be  felted  or  carded,  and  adapted  for  spinning  ou 
cotton,  silk,  wool,  worsted,  or  tow  spinuing  ma- 
chinery, several  addiiicual  |iioccsses  are  required. 
First,  by  a  nil  iK  iJii;  '  il  r.n  ium-,  similar  in  opera- 
tion to  an  Old;'    i     ri!   'V     I  I   :,  I  ho  flax  is  cut  iuto 

short  length--,  r  ,, ,    , _  ,,ili  llie  stnple  of  cotton. 

Next  by  an  iagniionb  ap|,lRMinin  of  chemical  forces, 
tlie  liarsh  and  elastic  hbrcs  of  the  flax  are  brought 
to  the  soft  and  downy  texture  of  cottou,  thus  over- 
coming a  difficulty  which  seemed  for  ever  to  pre- 
clude the  possibility  of  spiiming  flax  upon  cotton 
machinery.  The  fibres  of  the  flax,  under  the  micro- 
scope, present  the  appearance  of  small  bundles  of 
minute  hair-like  substances,  and  it  was  this  fact  which 
led  Claussen  to  seek  some  further  mode  of  subdivision 
beyond  any  that  mechanical  means  could  furnish.  It 
has  been  already  stated  that,  instead  of  steeping  in 
tlie  ordinary  way,  he  boils  his  flax  m  a  solution  of 
caustic  soda.  The  flax  to  be  eottouised,  when  taken 
out  of  the  soda  vat,  is  placed  in  another  coutaining  a 
solution  of  bicarbonate  or  sesquicarbonate  of  soda, 
in  wliieh  it  remains  three  or  four  hours  till  fully  satu- 
rated with  the  salt.  It  is  then  placed  in  a  third  vat, 
containing  a  weak  solution  of  sulphuric  or  other  acid. 
The  hollow  cylinders  of  the  fibres  then  become  clinfi'd 
with  the  acid  solution,  which,  coming  in  cont.ui  -  - ' 
the  salt  which  the  fibres  had  taken  up  before,  i;-  i  m  r. 
carbonic  acid  gas,  the  expansive  force  of  wliiili  ^lii  - 
tlie  fibres  iuto  a  vast  number  of  ribbon-like  hhnncnts, 
which  under  the  microscope  present  the  appearance 

ehautment.all  those  minute  luur-likc  libres  are  released, 
and  the  whole  become; 


flax-cotton,  when  dricil, 
found  to  prod\ice  a  con 


1  be 


;cto 


havr  i\|-iiv.r.l  ]!;  ,1-  ■,  ,;:m.;m(  ■-,  lo  takc  any  quantity 
that  may  he  supplied  to  them.  These  yarns  mix  well 
with  eottou,  wool  and  silk,  and  dye  extremely  well.  By 
the  mixture  of  flax  cotton  with  wool  it  is  expected  that 
cloths  quite  as  durable  as  those  made  of  wool  alone, 
will  now  be  produced  at  a  lower  price.  Claussen's 
own  estimate  of  the  price  at  which  flax-cotton  can 
be  produced  is  as  follows  :— "  On  the  average,  fi' 
tonsofflav-straanilliM^u!,:,.  ,v„  In,;.,!' P.,  i!i-!i  mt  •.-, 


the  cost  of  \'.  1 
expenses  of  I 
exceed  1/.  19. 
eniployed,  1/. 


Thus 


tal  c 
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or  i'^ii.  \iev  pound,  and  which  will  readily  sell  at  from 
id.  to  6c/.  per  pound."  The  average  price  of  foreign 
cotton  for  ten  years,  from  1835  to  1845,  at  Liverpool, 
was.  Upland  American  cotton,  Ghl.  per  pound;  Surat 
and  Madras  cotton,  about  5d. 

[This  calculation  was  published  in  1 851.  In  revising 
it,  in  1862,  we  have  to  record  the  want  of  success  of 
the  flax-cotton;  and  the  reason  for  the  failure  seems 
to  have  been  the  abundance  of  the  supply  of  true 
cotton.  Now,  however,  that  this  supply  is  temimrarily 
suspended,  it  is  possible  that  the  seheines  for  cottou- 
izing  flax  may  be  revived.     If  so,  see  Appendix.] 


i.l- 


describes  the  yarns  and  fabrics  manufactured  on 
Claussen's  plan  as  deficient  in  strength,  and  inferior 
in  quality.  In  answer  to  this  statement,  C'lau^sou 
explains  the  proportions  of  soda  and  acid  cmploycil, 
and  declares  it  to  be  impossible  for  them  to  injure 
the  most  delicate  fabric.  Of  soda,  one  [)avt  in  2U0 
parts  of  water,  and  of  acid,  one  part  to  500  of  water, 
are  all  that  are  necessary  to  produce  the  efl'ect, — and 
the  soda  present  in  the  straw  neutralizes  the  whole  of 
the  acid,  and  forms  a  neutral  salt — sulphate  of  soda. 
The  question  of  strength  and  quality  of  fibre  in 
flax-eotton  will,  however,  be  thoroughly  tested  by  the 
experiments  carried  on  in  Manchester  with  the  cxist- 
In.j-  rnltiin  machinery.  The  cloth  woven  on  Claussen's 
III  11!  11-  loom,  from  yarns  composed  of  half  flax  and 

r  ,1"  Mill  Mts  are  going  on  with  higher  proportions  of 


Au 


intended   to    -inw   ]\ir    naiui-al    appliealiility 
fibre  to  the   purposes  of  ih''   ir\ii!<    m  ,,  ii 
First,  there  were  samples  to   iii"        ' 
processes  resorted  to  in  the  p;'  i    i  ' 
being  spun  alone,  or  mixeil  •■  "  i 

of  cotton,  upon  any  •  r  i  ,.    <  ,  i 

machhics.     There  w.i  >  : 

pulled  from  the  grou,-;      ■!  i 

by  suitable  machiunv  i    ^  -,       i  i 

undergone  the   satmai         ,  ,  i 

soda,  required   to   leh 

which  binds  the  fibre?,      li.i  n  i  il;r  in 

separated  from  the  woody  tubstancc;  then  \ 
transformed  into  a  cotton-like  substance,  by  th 


I'as  exhibited 
it  E.\hibition, 


carboi 


of 


Tlie   remaining  sam| 

dried,  carded,  aud  k 

of  mule  and  throstle 

flax   only,   others 


^  way  a 


•  British  cotton,  equal  to  fair  quality 
American  cotton,  would  be  IS/,  is.  Add  to  this, 
wnere  required,  the  bleaching,  11. ,  and  the  washing, 
drying,  &e.  1/.  Ifis. ;  then  the  total  cost  of  the  British 
cotton,  bleaclied  and  washed,  would  be  2U  per  ton, 


The  second  series  comprised  flax-wool  jfiriis,  or 
those  in  which  flax  aud  wool  were  mixed  in  varying 
proportions,  tlie  flax  being  prepared  in  nearly  the 
same  way  as  for  mixture  with  cotton.  Flannel  and 
woollen  cloths,  milled  and  dyed  of  various  colours, 
woven  from  this  flax-wool,  completed  this  series. 
The  tliii-d  series  consisted  of  yarns  of  flax-silk, 
together  with  samples  of  flax,  as  prepared  for  combi- 
nation with  short  silk  on  the  ordinary  silk  machinery. 
.\  quantity  of  silk  woven  from  flax-silk  yarns,  com- 
pleted this  very  interesting  series.  The  exhibitor's 
method  of  preparing-  flax  for  spinning  upon  ordinary 
Uax  machinery,  and  for  its  manufacture  into  linen 
fabrics,  here  also  received  illustration. 

FLINT,  a  mineral  containing  about  98  per  cent, 
of  silica,  and  minute  portions  of  Ume,  alumina,  oxide 
of  iron,  and  water.'  Its  speeilie  gravity  is  2.594; 
hardness  7.0  to  7.25  :  it  is  rather  harder  than  quartz, 
which  it  scratches.  It  is  usually  of  a  grey  colour,  of 
various  shades,  but  sometimes  it  is  brown,  black, 
yellow,  or  red.  Thin  fragments  of  the  black  varieties 
are  translucent.  It  is  fragile,  and  being  rarely  lami- 
nated, it  may  be  broken  with  equal  facility  in  almost 
every  direction.  When  first  taken  from  its  native 
bed,  it  may  be  split  with  remarkable  precision  with 
the  imperfectly  flat  eonchoidal  fracture  observed  in 
gun-flints :  the  keen  edges  thus  produced  are  remark- 
ably perfect ;  far  more  so  than  eoiJd  be  produced  on 
the  same  substance  in  any  other  manner.  When  the 
water  is  completely  dried  out  of  the  flint,  it  breaks 
with  the  ordinary  eonchoidal  fracture. 

Flints  are  found  in  the  upper  bed  of  the  chalk  for- 
mation, where  they  occur  in  regular  beds,  consistiug 
cither  of  nodules  or  flat  tabular  masses,  as  in  the 
clilTs  near  Dover,  the  hills  about  Salisbury,  and  many 
other  places.  In  the  south  of  the  Isle  of  Wight  the 
upheaving  of  the  chalk  strata  has  cracked  aE  the  flints 
contained  in  them,  so  that,  on  taking  out  what  ap- 
pears to  be  a  perfect  nodule,  it  falls  into  thousands 
of  fragments.  Fliut  is  often  found  in  the  form  of 
sponges,  aleyouia,  echinites,  and  other  fossil  remains, 
which  appear  to  have  formed  nuclei  for  the  flint  when 


in  a  state  of  solution.  In  some  cases  the  centre  oi 
the  uodnlc  is  hollow,  and  its  sides  are  studded  over 
with  crystids  of  quartz,  carbonate  of  iron,  pyrites, 
caloedony,  or  fiUed  with  pulverulent  silica,  or  sile.N 
mixed  with  sidphur.  Flint  also  occurs  m  alluvial 
deposits  in  the  neigliboui-hood  of  chalk.  Gravel,  or 
ferruginous  Jiiut,  consists  principally  of  flints  rounded 
by  attrition,  the  yellowish  red  colour  being  due  to 
the  peroxidisement  of  the  iron  contained  in  them  by 
exposure  to  air  and  moisture. 

Flint  is  infusible,  but  it  whitens  and  becomes  opaque 
by  the  action  of  heat.  In  tliis  state  it  can  be  more 
easily  reduced  to  powder,  and,  as  such,  is  used  largely 
in  the  manufactui-e  of  porcelam.  Flint  powder,  glued 
upon  wooden  face  wheels,  is  used  as  a  poKshing  ma- 
terial. The  solid  fliut  is  used  as  the  bouldering  slone 
for  rubbing  down  to  a  smooth  face  the  laps,  buffs, 
and  glaze-wheels  of  the  cutler.  [See  Cutlery.]  The 
siliceous  portion  of  JliiU  glass,  as  the  name  implies, 
was  formerly  obtained  from  flints ;  but  a  purer  form 
of  sUica  is  now  found  in  the  sand  of  Alum  Bay  and 
elsewhere.  Flints  form  a  good  building  material, 
their  rough  irregular  surfaces  giving  firm  hold  to  the 
mortar;  and  they  resist  the  action  of  the  weather 
perfectly.  Good  specimens  of  flint  masonry  may  be 
seen  in  the  upper  chalk  districts  of  England. 

Fluits  were  formerly  in  great  request  for  the  manu- 
facture of  gun-flints,  and  for  "  striking  a  light "  with 
a  steel.  Percussion  caps  and  lueifer  matches  have 
nearly  superseded  them ;  but,  as  there  is  still  a  small 
demand  for  gun-flints,  it  is  our  duty  to  describe  the 
manufacture. 

The  nodules  adapted  to  tliis  manufactwe  should 
approach  a  globular  foi-m,  the  knobbed  or  branch 
flints  being  generally  full  of  imperfections.  Good 
nodules  seldom  weigh  more  than  20  lbs. :  when  less 
than  2  lbs.  they  are  seldom  worth  w^orking.  They 
should  have  a  greasy  lustre,  and  should  be  smooth, 
aud  fine-grained.  The  colour  should  be  uniform 
throughout  the  lump,  and  may  vary  from  honey  yellow 
to  blackish  brown.  The  translucency  of  the  flint 
should  be  such  that  a  slice  of  it  :^th  inch  tliick, 
placed  upon  print,  should  allow  the  letters  to  be  read 
thi-ough  it.  The  fracture  should  be  perfectly  smooth, 
uniform,  and  slightly  eonchoidal 

The  tools  requii-ed  in  the  manufacture  are,  an  iron 
hammer,  Fig.  960,  with  a  square  head  not  exceeding 


portion  of  the  flint,  i 


;  2  lbs.  in  weight,  with  a  haiullc  about  7  or  S  inches  in 
length.  Also  a  hanmier  of  well  hardened  steel.  Fig. 
9GI,  with  two  points,  and  a  handle  7  inches  long: 
the  weight  of  this  hammer  should  be  from  10  to  10 
omices.     A  roulette  or  disc  hammer,  Fig.  002,  is  also 
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ic  of  the  disc  Acliisel 
I  7  or  8  iiiolios  long 
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djCS  which  lie  somewhat  ir  jj 

ic^uhi  c  the  back  d  the 
irndei  suiface  which  should  be 
rathei  convex  nnd  r  the  uppei 
fleet  which  his  a  Eimll  squiic  ^  /  '• 

plane  suiface  between  the  tapeung  edge  andthe  bvel 
foi  entering  into  the  uppci  cl  i\v  of  the  cock  In  select 
mg  tlie  scales  those  aie  taken  which  contain  at  least 
oneofthe  iidgesrorA  ihc  man  fives  on  any  tapeung 
boidei  of  the  scale  to  form  the  still  mg  edge  he  then 
by  means  of  his  cliisol  divides  the  scale  into  pieces  of 
the  piopci  width  ot  till   Hint       llii  du  d  i    dmen 
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h  ft  hand  and  hi  \iii  i'  ,  i  i  i  lummei  upon  the 
edges  of  the  ^ii  it  pluies  Hit  piutions  thus  chipped 
(  H  fiom  the  puic  mass  ot  the  flint — as  at  \  v  Fig 
is  section  of  Pig  9Ca  the  shaded 


g  the  points  lemovtd  at  each  blow — 
ally  1-  uieh  wide  "'  inches  long  and  about 
gtli  inch  thick  m  the  middle  thev  are  slightly 
convex  below  and  consequently  ka\c  m  the  pait 
of  the  flint  fiom  which  tllP^  are  sepanted  a  space 
i>li£,htly  conca\e  bouhiod  It  |i  i  *  i  iil 
The  e  iid^cs  piodueed  1 
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the  1  u      1    1    lured  too  mueli  to  be  easily  broken 

To  liiic  the  gun  flint  out  of  these  scales  tht 
man  sdict;,  such  only  as  liave  (he  icqiuicd  foim.  He 
must  be  alile  to  produce  from  every  one  of  these  scales 
the  five  different  parts  which  constitute  a  gun-flint,  as 
shown  in  Fig.  966 ;  viz.  a,  the  slopmg  facet  or  bevel 
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a  lull  d  wii  ilmut  (  li.i  thin  T  i  lei  I  ilnmt  i  ket 
houzrntally  and  siul  anothei  shaft  lower  do  ui  into 
the  chalk  about  the  same  deptl  of  G  feet  m  1  ome 
times  they  fall  in  with  a  flooi  of  flint  within  this 
depth  Theypioceed  agun  about  3  feet  bou/oniAll/ 
and  sink  another  shift  G  feet  and  so  they  pioeeed 
gomg  m  some  cases  to  tlie  dtpth  of  about  30  feet. 
By  making  their  shafts  only  about  fi  feet  decii,  they  aie 
able  to  descend,  and  hand  up  the  stone  from  one 
stage  to  another,  without  the  aid  of  any  macliinei  y ; 
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and  altliougli  a  windlass,  rope,  and  bucket  might  save 
labour,  they  would  require  capital,  whieh  the  poor 
men  could  not  command.  They  pay  a  rent  of  5^.  to 
the  parish  for  every  cart-load,  which  is  as  much  as 
three  horses  can  draw.  In  the  descent  of  ahout  30 
feet  they  generally  find  three  floors  of  flint,  and  some- 
times four-.  At  every  floor  tliey  excavate  horizontally 
for  several  yards,  sometimes  20,  below  the  chalk. 
The  flint  is  in  large  blocks,  which  the  men  break  into 
moderately-sized  pieces,  and  liand  them  up  from  stage 
to  stage. 

rKnt  of  the  best  quality,  adapted  to  the  making  of 
gun-flints,  is  comparatively  rare  in  France  as  well  as 
in  England.  Dolomieu  states  that  where  twenty  beds 
of  flint  were  found  lying  one  above  another,  only  one 
or  two  of  these  woidd  afi'ord  good  flint.  On  the  banks 
of  the  Cher  flints  were  obtained  by  sinking  shafts  to 
the  depth  of  40  or  50  feet,  from  which  horizontal 
galleries  were  driven  through  the  only  one  good 
stratum  met  \vitli.  Dr.  Mitchell  was  also  informed 
tiiat  the  gun-flint  makers  at  Maidstone  found  only  one 
stratum  of  flint  fit  for  use  in  the  quarries  of  Kent. 
This  stratum  lies  under  a  stratum  of  green  chalk,  and 
is  the  only  one  which  wiU  not  decompose.  Fragments 
which  liave  been  exposed  for  fifty  years  to  the  air  are 
as  black  as  ever. 

The  Euglisli  method  of  making  gun-flhits  was  very 
inferior  to  the  French.  Pieces  were  struck  ofl'  the 
edges  of  a  block  of  flint,  and  when  it  happened  that 
they  were  of  such  a  form  as  woidd  answer,  they  were 
brought  into  shape.  Such  flints  were  unshapely  in 
comparison  of  tlie  present  very  elegant  form  of  gun- 
flints  ;  there  was  a  great  waste  of  material,  and  only 
a  small  number  could  be  made  in  a  given  time.  The 
improved  method  differs  in  some  respects  from  the 
French,  and,  as  the  description  contains  a  few  interest- 
ing partieidars,  we  will  insert  it  here. 

One  man,  called  a  cracker,  is  seated  in  a  chair,  with 
a  thick  piece  of  leather  strapped  to  his  left  tliigh,  and 
over  the  leather  he  straps  a  thick  piece  of  iron.  He 
takes  a  large  piece  of  flint-stone,  and  breaks  it  into 
pieces  of  about  2  lbs.  each.  He  then  takes  one  piece 
in  his  left  hand,  and,  applying  it  to  the  plate  of  iron 
on  his  thigh,  strikes  out  fragments  at  short  distances 
from  each  other.  He  then  strikes  with  Ids  hammer 
b\\  the  parts  of  the  edge  of  the  flint  which  are  now 
separated  from  the  rest,  and  the  effect  of  the  blow, 
together  with  the  reaction  of  the  plate  of  iron  on  his 
thigh,  causes  a  flake  of  about  3  or  i  inches  in  length 
to  come  off,  there  being  on  each  side  a  conchoidal 
fracture.  Of  the  flakes  thus  obtamed,  some  are 
large,  and  others  small.  The  man  has  before  him 
tliree  open  casks,  into  one  of  which  he  drops  the 
larger  flakes,  into  the  second  the  flakes  of  less  size, 
and  into  the  tliird  the  smallest  flakes.  Each  cask  goes 
to  a  separate  workman,  called  a  napper,  who  fiuislies 
them  into  flints,  as  musket  flhits,  carbine  flints,  horse- 
phtol  flints,  sint/le  barrel  flints,  double  barrel  flmts, 
imd.  pistol  flints.  One  cracker  can  keep  three  nappcrs 
employed.  The  napper  lias  before  him  a  block  not 
unlike  a  butcher's  block,  upon  which  a  piece  of  iron 
is  nailed,  from  which  rises  a  thin  piece  of  iron,  3  inches 


in  length  and  ^th  inch  thick,  brought  to  a  coarse  edge. 
The  nappcr's  hamnir-r  is  .i  i.latp  of  steel,  ^th  inch  thick, 
flxed  in  a  haii<l'.>  11^  ■  -m  his  left  hand  a  Hake, 
lays  it  over  I !i^!  ",  i'li  his  hammer  breaks 

it  into  thrtv  ,:  :  ,,  \',.  !-,  :iiur  which  he  decides 
whieh  edge  \\'y\\  \»-  bcsr  io\-  tlie  flint,  and  from  the 
other  he  chips  a  httle  off,  and  the  whole  is  complete. 

Dr.  MitcheU  says,  "When  wc  look  at  a  gun-flint, 
and  observe  its  elegant  shape,  and  consider  how  ad- 
mirably it  is  adapted  for  the  purpose  intended,  we 
should  be  apt  to  think  it  had  been  ground  into  that 
shape  with  great  labour  and  skill.  Sucli,  indeed,  is 
the  manner  in  whieh  gun-flints,  if  we  may  so  call 
them,  are  made  in  Germany  from  agates  and  con- 
glomerates ;  but  tliey  are  much  less  efficient,  and 
more  expensive."  '  During  the  war,  the  best  musket- 
flints  were  sold  for  42j.  per  thousand.  In  1837,  the 
price  was  from  Is.  to  8*.  Such  are  the  particulars  of 
a  curious,  and,  at  one  time,  a  highly  important  manu- 
faetui-e,  whieh  may  now  be  said  to  be  quite  extinct. 
Our  chief  object  in  giving  all  these  details  is  to  show 
how  easily  and  how  cheaply  so  difficidt  and  refractoiy 
a  material  as  flint  may  he  made  to  assume  the  form 
and  dimensions  which  the  wants  of  the  age  dictate. 

FLOOR-CLOTH,  a  durable  covering  for  floors, 
bearing  as  little  apparent  relation  to  cloth  as  a  finished 
oil-painting  does  to  canvas.  The  custom  of  covermg 
the  floors  of  rooms  and  passages  has  now  become 
almost  universal,  and  while  carpets  supply  the  warmtJi 
and  corafoit  necessary  for  the  former,  floor-cloths 
have  been  invented  to  bear  the  rougher  usage  of  the 
latter.  Floor-cloth  is  a  cloth,  or  canvas,  painted  on 
both  sides,  the  under  side  being  plain,  the  upper  side 
ornamented  with  a  pattern.  It  is  essential  that  the 
cloth  used  for  this  purpose  be  without  seam;  its 
manufacture,  therefore,  forms  a  distinct  branch  of 
trade :  it  is  woven  in  very  large  pieces  for  this  use 
alone.  Tlie  pieces  are  from  IS  to  24  feet  in  width, 
and  are  manufactured  at  looms  adapted  to  this  great 
width,  and  at  which  two  men  (one  on  each  side)  are 
employed  in  throwing  the  shuttle  backwards  and 
forwards.  The  length  of  the  warp  often  exceeds  100 
yards.  Dundee,  celebrated  for  its  manufacture  of  sail- 
cloths, &c.,  is  the  seat  of  this  trade. 

The  canvas  is  received  at  the  floor-cloth  manu- 
factory in  the  form  of  bales,  containing  from  100  to 
113  yards  in  length,  and  weighing  about  5  cwt.  each. 
One  of  these  is  opened,  and  from  it  is  cut  the  quantity 
required  to  make  a  piece.  This  is  done  on  the 
floor  of  the  drj/iiiff-room,  whence  the  piece  thus  cut 
off  is  earned  (wound  on  a  wooden  roller)  to  the 
frame-room.  In  this  room  a  number  of  substantial 
wooden  frames  arc  set  up,  a  few  feet  apart,  and  on 
these  the  canvas  is  to  be  stretched,  preparatory  to 
the  painting.  A  space  of  a  few  feet  occurs  between 
every  two  frames,  and  this  is  occupied  by  a  scaffold- 
ing of  four  tiers,  any  one  of  which  may  be  reached 
by  means  of  a  ladder  placed  at  one  end  of  each 
frame.  The  roller  containing  the  canvas  is  set  up  on 
end,  and  rests  on  a  low  carriage,  which  is  wheeled 
along  as  the  canvas  is  unwound.     But  the  first  step 
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IS,  to  biini,'  it  panlld  ■nilh  one  of  tlic  upuglit  ends  of 
the  fiamc,  and  make  fast  its  edge  by  nailing  it  fioni 
top  to  bottom  to  the  upii^ht  post.  The  unwimhn" 
ot  the  canvas  then  pioceeds,  a  tempniarv  f  istpnmg 
being  made  to  llu   t  m  tn  nn  h\  m.      ^  of   t  qior/tH/, 

quent   equ  il)l(  smlaco 


When  aU  the  c.un^i.  i:,  i,n., .,„,:,  .,„  ,„„.  ,  ,  „a  is  also 
attached  to  the  frame ;  but  tlie  whole  .yet  remains 
hanging  loosely,  and  has  to  bo  tightened  by  lengthen- 
ing the  frame  by  means  of  screws.  Tlic  upper  and 
lower  horizontal  edges  h;i\(  :.i  -  i-  1:-  rni,  ,1  to  the 
beams,  and  stretched  out  lii    :  ,     ,,.  r.     The 

whole  at  length  becomes  ih'  '     ,     iKc,  liead 

of  a  drum,  and  if  tliis  be  iIm  i:i  ,i;  ,  v.-  iiIh  i-,  and  a 
change  to  wet  suddenly  take  pLioc,  tlie  tcu-ion  is 
sometimes  so  much  increased  as  to  split  the  canvas  ; 
this  arises  from  the  natm-al  property  of  tlie  spiral 
fibres  of  flax  to  become  shorter  from  moisture,  and 
consequently,  to  make  the  canvas  shrink. 

In  order  to  prepare  this  extensive  surface  for  the 
reception  of  the  paint,  a  weak  solution  of  size  is  laid 
on  with,  a  brush,  and  wliile  it  is  yet  damp  the  canvas 
is  well  rubbed  with  pumice-stone.  This  softens  down 
any  irregularities,  while  tlie  size  fills  up  the  interstices, 
and  keeps  tlie  paint,  which  is  afterwards  applied, 
from  penetrating  too  far,  the  rdVft  of  wliicli  would 
be  to  make  the  floor-cloth  hard  and  brittle.     This 


the  top  of  the  fiar 


:  dowi 


ied  c 


c  man  applying 
tlie  size,  while  two  follow  witli  the  pumice-stones. 
The  back  surface  of  the  cloth  is  primed  first. 

Tills  first  process  being  completed,  and  tlie  surface 
dry,  a  coat  of  paint  is  applied,  stifi'er  than  that  used 
in  house  paintmg,  and  containing  little  or  no  turpen- 
tine.   It  IS  first  thrown  on  in  dabs,  with  a  short  thick 
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lumii  or  knot.  Two  more  trowel  colours  are  added 
with  the  use  of  the  pumice-stone  between  each.  A 
fourth  coat  laid  on  thinly  with  a  brush,  and  called 
in/s/i  colour,  forms  the  ground  of  the  future  pattern, 
pletes  the  floor-cloth,  with  the  exception  of 


printing. 


The  series  of  operations  thus  briefly  alluded  to, 
occupies  from  two  to  three  months,  during  which 
time,  if  the  article  be  of  tlie  best  quality,  the  canvas 
has  increased  in  weight  nearly  fourfold;  but  if  an 
inferior  sort  of  floor-cloth  be  intended,  then  the 
number  of  coats  and  the  weight  will  be  propor- 
tionally less.  The  cloth  is  now  to  be  removed  from 
the  frame  on  which  all  these  operations  have  been 
carried  on  :  this  is  done  by  running  a  sharp  knife 
along  the  edges  so  as  to  detach  it ;  it  is  then  covered 
oil  the  face  with  paper,  rolled  and  hauled  up  into  the 
printing  room  above  by  means  of  ropes  and  pulleys. 
The  printing  is  performed  on  a  flat  long  table,  and 
the  floor-cloth  is  drawn  up  and  along  its  surface  in 
portions  as  required.  Wooden  blocks,  similar  in 
princi])le  to  those  used  in  wood  engraving,  arc 
employed  to  stamp  the  pattern,  but  as  the  latter 
gencr.ally  consists  of  several  colours,  a  separate  block 
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IS  rtquiicd  for  eioli  coloui  Tleieiic  flcrcf^ie  is 
maiy  scjmatc  pimtiiia:a  as  colons  ind  these  lie 
sometimes  sevcu  or  eifjlit  m  mimbci 

Li  preparing  a  set  of  blocks  for  punting  floor  elotli<! 
an  accurate  colouicd  Actcli  of  the  design  is  first  mule 
on  stout  paper  A  bl  uk  slicet  of  piper  is  tlien  pliccd 
under  this  and  by  i  '■ins  of  a  simp  point  dl  tint 
poition  of  the  dcMce  cl  uling  one  coloui  is  milked 
upon  the  undci  slicct  n  i  sri  as  of  dots  oi  lioles 
Ihis  "sheet  being  ieino\ed  luothei  is  pliccd  undei 
tl  e  ]  ittcin  ind  ill  the  fi^uios  of  inothci  colour  ire 
pucked  out  in  a  similii  miimcr  Thus  the  pitteiu 
IS  dissected  on  is  miny  sheets  of  piper  is  tl  ere  lie 
colours  to  be  punted  This  being  complete!  the 
se\er<il  pirts  have  to  be  tian<!fened  to  tlie  blocks 
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c  1    o  1      it  un-ht  inMes 

n  il  out  lb  mehes  squaic  ind 
c  new  tl  it  it  may  tike  up  the 
The  cost  of  1  block  mcludiug 


soiked  11 
colour  moio 
the  engiivu 

lir£;e  estiblishmcnts  -nheic  se\ci  1  thousind  blocks 
iiereiuued  theMlieof  this  joition  of  the  stock  is 
greit  The  blocks  not  m  use  iie  cnefully  picscrvod 
in  a  room  set  apirt  for  thit  puipose  ind-nhciea 
toleiibly  cq  nl  tempeiiture  ismimtiined  tluoughout 
the  year 

The  punting  of  flooi  cloth  is  thus  conducted  On 
1  tible  IS  I  heed  i  number  of  fl  t  en  hio  is  eich  about 
3  feet  squiie  consisting  of  a  pid  of  fiinnel  coveied 
with  smooth flooi  e  oth  P\  tl  e  side  of  eich  cu  hion 
stinds  a  pot  of  coloui  fiom  vhich  ■xh'^YCilleiifeaier 
or  h  rer  tikes  up  i  poition  -n  ith  i  biuoh  ind  spreads 
it  over  the  cushion  first  pis^  ug  his  brush  from  top 
to  bottom  ml  then  1C1  OSS  the  cushion  till  i  shillow 
but  equable  bed  of  \  nut  is  prepared  Eich  cushion 
nves  one  colour  only  ind  when  the  printing  is  in 
3rd  colours  tl  e  boy  bis  1  is  full  employ  n  keeping 
the  cushions  well  s  \\  plied  V  poirion  of  floor  cloth 
emg  unwound  ard  sprc-d  upon  the  printing  table 


on  1  follow  s  -n  ith  1  1 II  U      1 1  ng  bl   sh  for  (he 
lepuipose     The printeis follow nc\t  thcnninlcr 


1  cobiis  to  1  L  1  uutcd 

1    h\  a  handle  ittiehed  to 

0/1   pi  esses  it  down  on 

1     r  1  colo  ir  then  takes 

it  at  the  light 

le  time  sinking 

hciw  hammer, 


1    1 

m     0  c     c  1    I  1 

Taking  1  ficsh  elm  go 
ot  the  same  colour  he 
makes  a  second  impics 
sion  by  the  side  of  the 
first  andsooninipguh 
iow=  In,-  tl  All 
c\t 


1  Ic 


1  cep  his  sqiaies  peifectlv 
fii  tpuntei  has  advanced 
s  1  b  1 1  ck       la  difl-er 


did  deli\eriug  his  poit 

stiokes  of  the  hammci  lows 

a  third    and  as  minv  n  1         j     c  1  to 

form  the  most  ehboiite  [  ttein  Tiius  the  dcMC  i» 
iipidlv  perfected  ind  the  fiist  printer  who  is  neces 
sardy  lu  ad\  ince  of  his  conn  ides  has  ti  ne  to  e-a  uino 
the  woik  ai  d  to  supply  anv  flaws  witli  pa  1 1  of  the 
pronei  colour,  laid  on  with  a  camel's  h  ur  penc « 


ILOOl.  CJOlil— rLOOllS  AND  inUlIilUNS 


vvlntt   • 


1 


t  111 


f  1,  cd  U  (liicc  llo  k 
Tij;  <)/J   til  OS  up  aiil  [1    t 
075  tikis  ij    ind  pi  iitbbhck 
ud  J  nuts  the  liE;lit  ^reeii  co 
prooLclb    tlL  fl  111         i 


be  haste  lied  by  tl 
1  OS  tlic  iluoi  cloth  1 

I  1    11     1  ^  I  1    1        1  willh  ind  tlicu  piu  t 

udii^    )7C  tiles  up     isthcMidt   tvocpt  lint  i  sp  ic 

U  the  puntiii!^    fur  the  boi  ki    Mhich  lb  put  oi 


IS  kit  on  each  si  le 
with  smaller  blocks 


lit] 


PVRTllIO^s     llLkim  /7oo;  IS 
'„    (&(  n  u  fiu   ) 

piescuts  less  scoi e  foi 
esses  less  mteiCbt   thii 


i    ty   'f^    y 


11        ^    11        tl  V     f  itleiition      11  e  c  q 
It     X     il.       1    to  tlie  piOMsionsfoi  sti       tl    I  F     »  7 

jiibdtv  ishedoes  not  ciitei  on  the  silj  et  ol    11  oi  su)  i     f    1       I     I  f  ]       11  1 

w   ik    Puquetigc     oi   olhci   modes  oi   onn     tinibeis  c  1 

[SelNLUlNG]  Ijloouff     II 

ilr  dibtm<?uished    is    1    Si/!//!e    ofthecll  I  I  , 

/  1  "   Tdncl     In  modem  pi  ac      ni  the  n  u  I  ii  1         I   s      II      1  11      Ici 

y  be  icgiided  is  ecneiiUy  j  suppoiting  the  ceding   uo  n-  led  to  the  midei  side  of 

lessncK  mcieisuig  dimcu      these  joistb 

II  I        11  siifice  \^cie  often        As  the  sfiength  and  sliffupss  of  i  bum  to  ic  ibt 

1    t    s  1  geiicvd  lule     tnnb\eise  strim  meieiscs  inurh  mme  with  inv  gneu 

ec  s  ity  to  pibs  '  idditioii  to  its  del  t'l  thin  with  in  cqn  1  1 1 1  li    i  fo 

■^         its  bieidth  these  joists  lie  mide  very  deep  m  i  lo 


1    Some  eiuious 

1 

1  unlei  neither 

tl  ese  he  db    I 

t  b  ich   a 

1  ilhei  interestni?  for 

eir  ingenuity  til 

iMlu  blei 

stMn  pies  foi  milt  ition 
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portion  to  their  breadth  or  tliickness.  But  tliis  hitter 
dimension  should  in  uo  case  be  less  than  2  inches,  or 
the  piece  will  be  liable  to  injury  from  the  nailing. 
In  good  substantial  woik  12  ii  chcs  ipait  from  ecntie 
to  centre  is  a  piopei  dista  ce  foi  the  joists  but  this 
is  often  c\CL    Ic  1  111  si    1 1  t  d  clirap  eieetious 

In  all  tl     e  t     rf      s  it  i    not  sufficient  to 

make  the  :      1  tl    t  it     li  dl  not  ireul    but 

it  muit  111  st  .,  tl  t  it  slnU  not  lend  m 
any  peiCLifiblo  dcgitc  unlci  tic  sliam  it  his  to 
bear.  Theicfore  in  deciding  on  the  dimensions  of  the 
timbers  to  be  used  m  flooimgs  icgaid  must  be  hid 
to  tlieir  suflieieut  stiffness  and  not  mciely  to  their 
sufficient  stieugth  Now  the  stiffness  of  a  beini  m 
supporting  a  tiaus\eise  stnin  varies  is  —(C) 
where  h  is  the  bieadth  d  the  depth  and  I  the  len^lh 
and  C  is  a  const  iiit  quantity  dependent  on  tl  e  kind 
of  mateiial  cmjilojed,  and  deteiminible  by  ichul 
experiment 

Hence,  to  find  the  propei  depth  for  i  comn  on 
joist,  when  its  length  and  bieidth  die  given,  we  hive 
(I  =  1/.^  (O  wheie  b  ind  d  iic  mcisuied  m 
inches  and  /  in  feet  The  vilue  of  (C)  is  then  foi 
fir,  2'2 ;  ind  for  oil  2  3  It  is  obvioi  s  tint  this 
cfiuatiou  nny  be  used  to  determun,  my  one  of  the 
measures  b  d  n  I  ■nlicu  the  other  two  ire  given 

When  the  length  of  the  joists  exceeds  8  feet  thej 
must  be  strutted  to  pi  event  th  u  tendency  to  tuin 
over  sideways      This  is  done  by  nid  i"  cro";"?  p  eces 
of  wood  between  them   as  siiown  on  tl         1 
of  Fig.  9S0  01  by  simply  duving  sli  I 

between  tliem  And  in  cise  the  1 
exceeds  12  ftet  theie  should  be  i 
eaoi  four  ieet  of  the  length  of  the  j  ist 

Sometime^  the  joisfs  cuinot  he  ciuied  tl  lonnh  to 
the  wall  at  one  en  1    is  foi  ex^mplt  ^^  hen  they  co  nc 


.^ 

. n 

.-- -    '—  J     h 

- 

long 


illy  ciuitd  quite  tluough 

r.    ,jg  the  joists  iiid  pinned  oi 

pi  eferably  wedged  on  the 

outside.    (Fig  978  )   The  two  t  inmx  gjoish  ff  info 

which  this  c  os   ( icco  is  tei  on  d   ire  nude  i  little 


thicker  than  the  other  joists  in  the  proportion  o[ 
^  inch  additional  thickness  for  each  joist  the  trimmer 
has  to  sustain.  The  dimensions  of  the  trimmers  may 
be  calculated  by  legiiding  them  is  binding  joists 

It  should  be  obsencd  thit  when  the  length  of  the 
joists  exceeds  10  or  12  feet  it  is  \eiy  difficult  to 
pievent  clicks  in  tl  c  cediu^  bencith  Hence,  whcr 
1  pel  feet  oeduig  is  indispensable  i  double  or  fian  ed 
flooi  should  be  used  for  ill  iieis  cxceeduig  10  feet 
in  then  leist  dimension  In  oiduniy  domestic 
buildings  the^e  cricks  are  less  legaided  and  theic 
foie  the  use  of  the  smgk  joisttd  floor  is  not  so 
limited 

An  impiovement  on  the  common  iiiingement 
(shown  m  s  ction  in  Fig  9S0 )  is  nude  by  cuttmg 


eael  th  1  oi  1  1  j  t  i  ilhti  deepei  than  the 
othcis  ind  ubii  g  ce  /(  y  juiili>  b  which  are  notched 
upon  tl  esc  deep  pieces  ind  niiled  up  to  them 
Ih        I       HI  fi     11    il   1      tl  esc  lowci  joists 

^    1  11  1    1  one  of  the  com- 

1  to  sound  and  the 

c    1  I      The  lule  for  the 


(2j  iiti;   //  ju. 


Ill' 


lon^  tiinbci  cinnot  be  obtiined  m  sufficient  quintity 
lo    s  ngle  joistii  n-   01  All    1  it  is  desii  hie  to  dividt 


IS  to  ei 


1  peifect  celling      Fig  9SI 


gives  1  seoti  n  of  double  fli 

Stiougei   timbeis    mi     IT/  /v    c  <-     ire 

then  hid  1C10SS  fion         I            H  1      t  (    fict 

IS  in  le      ind  the  conn  sun  c 

tlo  ipielhtinn  of  i?    /  J    tchtd 

I  1        1     1  1  inmg  the  sime  as 

I  J 1  niilcd  up  to  the 
1                    1    tl      1      1          1    lie  11101  tised  into 

II  1 

Ihe  toni  uli  foi  find  i  g  tl  e  di  nensions  of  bmdmg 

tb  IS     b  bcfou    d  =  ^j  (O.  l>eie  (O  being 
I     f  r  fir    and  3  53  for  oik       This  is  suj  \  osiug 


oil     itl         1       il       1  =^  —  X   0  04 

nil  il     1  1     V     1     ensionsforfir    Foi  oil    the 

i_i   t     t    )(  t  lo  t  ken      Iheir  biciath  niely 

xcct  1    1    t )  2  1 leh  s 
(3  )  The  thud   oi  Frcn  ed  flu^r  is  ipplicible  when 
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ve  J  lar  e  s  faces  a  to  1  floored  w  tl  g  eat 
accuracv  St  o  g  balks  oft  1  er  ter  ed  g  rle  s 
d  I  Flo  IS  are  1  d  ic  o  s  it  distances  of  f  on 
8  to  10  feet  asunde  ai  d  tl  e  bmd  ng  jo  ts  c  are 
tenoned  i  to  these  i  0     tl  o  1  u  de  s 

tl  t  b   dg    g  JO  sts  1  lloo     g 

e   bui  ported     s    b  sj  ac  b 

1     d  d  oil)  y  tl  e  s    1  If   n 

eluded  bet   ten  t   o  „   J  vl  e 

between  a  g  de  and  th        II    t         1    I  h  j    Thus 
ilso   tl  e     ork  mcl  dcd        e  el    ot  tl  esc  sj  ae  s 
cilicliSy  fj     I   g 


=1^5^ 


"1 — T      J\rF 

J  ^7 


g  fron    tic      tu  e  of  tl     n    tc     1  tl   t   1  tl      le 

ide  str    g  enough  to  re     t  tl  e  exte  \m^  io    e  tl  e 

top  w  11  cert  u  ly  ha  e  s  flic  e  t  sul  st  ce  to  s  i  [     t 

tl  e  con  I  CSS  on     Hence  tl  e  follow  g  r  le  for  tl  e 

St  e  gth  of  cast  u:on  1           — M  ll  ]  h  tl               f 
tlelo   er  flange  n    j 
1  e        m.    uches   i    1 
ih  s  p  oduct  m  It  1 1 

gl  t  at  tl e  c    t     t      I  I                    I 

d   t   but  1  ciu  Uy  0        tl       111  „tl  j         t 

1  0      0  e  tl    d  to  I    0  fiftl  s  of  tl  s  vc  gl  t    s  tl  e 

1      t  of  s  f  fy    n  p      tc        lie  1  1    g  JO  sts 

tl     1          fl    oC  U    oCouD  ei 


The  same  equation  is  used  to  determine  the  dimen- 
sions of  girders,  as  of  binding  or  bridging  joists,  but 
the  value  of  c  is  now  increased  to  42  for  fir,  and  4-3 1 
for  oak.  The  girders  are  let  into  the  walls  for  a  depth 
of  10  or  12  inches,  and  rest  on  strong  pieces  of 
timber,  named  templates,  which  serve  to  distribute  the 
pressure.  In  order  also  to  prevent  as  far  as  possible 
the  decay  of  the  ends  uf  the  girder,  these  should  not 
be  built  close  into  the  wall,  but  about  an  inch  of  air- 
space should  be  left  all  round  them.  Fig.  982  gives  a 
section  of  a  fiauii'il  floor  made  parallel  to  the  plane  of 
the  binding  joists,  and  therefore  across  the  girders. 

It  is  a  common  practice  to  saw  the  balks  of  timber 
intended  for  girders  down  the  middle,  and  to  bolt 
the  two  halves  together,  back  to  back,  keeping  them 
an  inch  or  two  apart  by  small  pieces  of  wood  plactil 
vertically  bel  ween  them.  This  ni.  thod  i^  shown  in 
the  figure.     Several  ad\.uil   .  -  i       .  i his  pi  h 

tice:  it  enables  the  heait  c  I  i  i  ^  imniMl 

as  to  its  perfect  sound]  11  -  ^         iIhiiImui 

for  the  passage  of  air  31 1  lui  1  i  li  ■.<>  i  ilic  [hm  i -., 
and  it  gives  the  workman  the  oppuituiiily  of  equal- 
izing the  strength  of  the  two  ends  of  his  girder  by 
turning  one  half  end  for  end  with  the  other. 

Girders  for  long  bearings  should  always  be  made 
as  deep  as  jiossible  ;  but  where  it  is  not  practicable  to 
sacrifice  suflicient  depth  in  the  floor  for  this  purpose, 
the  girders  must  be  made  considerably  wider,  and 
should  be  placed  nearer  together. 
When  the  span  of  the  floor  is  greater  than  can  be 
anv  ]iiece  of  timber  attainable,  reeouise 
1  to  iron,  or  else  the  girders  must  be 
trus':<'d.  Cast-iron  girders  are  now 
readdy  obtained  iu  almost  all  phiccs. 
They  are  made  of  the  section  shown 
in  Fig  9i.3,  and  as  this  mefid 
yields  much  more  easily  to  exten- 
sion than  to  compression,  the  lower 
llauH^e  (the  part  extended  by  a 
,.ulit  |i1hu1  above)  should  have 
iv  tiuirs  I  lie  sectional  area  of  the 
iiper  or  (.inipressed  flange.  In 
uHiputmg  the  strength  of  such 
' '  •   "  •  a    casting,    it    is    usual    only  to 

reckon  on  the  strength  of  this  lower  flange,  assum- 


1 


st 


L  the 


d  loner  flange 

I  I         bl    by  tie  use  of 

lit        1  0   s  tl    t  th  s  1  ate     1 

II  I  ■  usly  used  in  many  eases  to  span 

!ei.  I  i  .j.'al  girders  are  not  applicable,  a 
bmlt-up  \i  oudtn  girder  may  be  used.  This  may  be 
made  by  connecting  a  balk  of  some  hard  rigid  \\ood 
with  a  straight-grained  tough  timber,  using  the 
fuimer,  of  course,  for  the  upper  or  compiesscd  jiail, 
and  the  latter  for  the  lower  or  extended  pait.  They 
are  pievented  from  sliding  on  one  auolhcr,  either  by 


tageously  added  to  tighten  the  joiuts,  as  in  the  figure. 
Bolts  may  be  used  to  bring  the  pieces  together,  or 
preferably  the  upper  piece  may  be  tapered  from  the 
middle  to  each  end,  and  the  two  drawn  together  by 
1„,„.«  , linen  on  \ii(.tlier  mode  of  building  up  a 
I  ,       ,  ,    1,  ,  ,  ,n  I      It    ,iud  holding 

,      Is.      Fig.   9bG 


shows  the  half-length  of  a  cambered  beam  thus  applied 
at  the  upper  part  of  a  built-up  girder.  If  it  is  neces- 
sary to  use  moie  than  a  single  length  of  timber,  the 
upper  beam  may  have  a  plain  butt  joint  at  any  conve- 
nient part  of  the  span,  but  the  lower  beam,  if  jointing 
be  una-'oidable,  should  have  its  scarf  near  to  one 
end  of  the  span,  and  by  no  means  at  or  near  the 
middle,  where  the  greatest  strain  is  exerted.     For 


It  requires  great  accuracy  of  fitting,  aud  is  liable  to 
have  all  its  efEciency  destrojcd  by  small  cliaages  of 
(iimensiou  iu  its  parts. 

The  cost  of  flooring  is  estimated  by  the  square  of 
100  square  feet. 

The  following  general  priueiples  apply  to  all  kinds 
of  flooring.  The  bearing  timbers  which  sustain 
the  weight,  should,  if  possible,  be  laid  across  the 
narrowest  way  of  the  room.  In  a  single-joi^^tcd 
floor,  the  joists  should  i-un  in  this  direction,  but  in  a 
double  floor,  the  binding  joists  are  the  bearing  pieces, 
and  should  be  laid  this  way.  In  a  framed  floor,  the 
girders  become  the  bearing  pieces,  and  should  then 
have  this  advantage  given  them.  In  a  square  room, 
of  course,  the  directions  are  immaterial. 

With  any  given  quantity  of  timber,  the  slngle- 
joisted  floor  has  been  proved,  by  direct  experiment, 
to  be  the  strongest  form  of  any,  and  it  also  possesses 
the  advantages  of  requuring  fewer  joints,  and  of 
distributing  the  weight  borne  more  directly  and 
generally  over  the  walls.  Against  these  merits,  are 
to  be  laid  the  difficulty,  when  the  span  is  great,  of 
procuring  a  sufficiency  of  long  timber,  as  well  as  the 
liability  to  disfiguremeuts  from  partial  strains  of 
heavy  goods  or  fui'niture,  and  finally,  the  facility  with 
which  sounds  are  transmitted  imless  some  special 
means  of  prevention  be  adopted. 

riooring-timbers  should  never  be  laid  obliquely, 
but  shoidd  be  placed  parallel  to  one  or  other  wall  of 
the  room.  Gudcrs  should  never  be  laid  over  spaces, 
such  as  doors  or  windows.  If,  however,  this  position 
be  unavoidable,  the  templates  should  be  strong  aud 
long  enough  to  throw  the  weight  well  on  the  piers. 

When  fij'st  laid,  the  floor  ought  to  be  rather  high  iu 
the  centre,  to  allow  for  settUng  at  the  joints.  When 
all  is  settled,  the  floor  should  be  perfectly  level.  If 
it  is  cambered  up,  it  must  evidently  exert  a  thrust 
outward  on  the  walls.  If  so  weak  as  to  sink 
down  iu  the  centre,  it  as  evidently  tends  to  pull  the 
wall-plates  inward.  In  either  case,  the  ceiling 
beneath  will  be  cracked  and  disfigured.  It  is  only 
when  perfectly  level  that  the  floor  exerts  no  thrust 
or  strain  on  the  walls. 

Common  cheap  floors  are  often  laid  with  boards  of 
from  7  to  9  inches  in  width,  but  the  best  floors  have 
their  boards  or  battens  not  more  than  from  3  to  5 
inches  wide.  These  last  do  not,  of  course,  show  the 
shrinkage  of  the  stuff,  as  the  ordinary  constructions 
do  in  too  many  cases. 

In  all  the  equations  for  dimensions,  the  constant 
for  oak  is  higher  than  that  for  fir,  ou  aocoimt  of  the 
liability  of  this  timber  to  oe  eross-gramed,  and  thus  to 
become  weakened  iu  cuttiiisj. 


tlio  second  layer  also  went  diagonally,  but  from  the 
opposite  corners,  so  as  to  cross  the  first  thickness  at 
augles.  The  upper  set  ran  in  the  usual  way 
from  side  to  side.  The  floor  thus  became  a  strong 
tliiu  plate  of  wood,  supported  and  strained  all  round 


Parlilions  may  be  advantageously  considered  in 
this  place.  Their  construction  comes  xmdcr  the 
charge  of  the  carpenter,  and  is  usually  proceeded 
with  at  the  same  time  as  that  of  the  floors.  Indeed, 
the  constructions  of  the  two  are  in  some  respects 
eomiected. 

The  term  pavtiliou  is  restricted  to  those  internal 
tlivisions  of  a  building,  into  the  essential  constructive 
part  of  which,  timber  enters  in  a  greater  or  less 
degree.  These  divisions  either  consist  of  a  framework 
of  wood  simply  covered  with  laths  and  plastered,  or 
the  spaces  iu  the  wooden  frames  are  filled  in  with 
brickwork.  In  the  first  case  it  is  said  to  be  a  quarter 
pariiiion,  in  the  last  case  it  is  called  a  brick-mgrjing 
•parlit'wn. 

Partitions  are  sometimes  constructed  so  as  to  be 
dependent  ou  or  connected  with  the  floor  above 
or  brliiw,  and  iu  iiihcr  eases  they  are  ntade  wholly 
indcpriMlnil  i.f  llirsr  llnors,  and  self-supporting.  One 
of  llir  lii-'  kiihl  iH  rd  consist  only  of  upright  pieces 
of  tiuihtr  of  a  \iidth  sidBcicnt  to  bear  nailing,  (say 
from  \\  to  2  inches,)  aud  of  a  depth  suitable  to 
(he  intended  thickness  of  the  partition,  tenoned  into 
a  Iwrizontal  sill  at  top  aud  bottom,  and  stiffened  by 
struts  placed  between  them.  Tlie  distance  between 
these  uprights  may  be  from  nine  inches  to  a  foot. 
The  laths  are  nailed  upon  these  pieces,  aud  covered 
with  plaster.  Such  a  partition  as  this,  if  it  be  not 
sunported  continuously  up  from  the  bottom  of  the 
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building,  slioulii  rallior  be  strapped  from  the  floor  or 
truss  above  it,  thau  allowed  to  bear  on  the  floor  be- 
neath. Tiie  weight  is  then  not  unduly  thrown  on  the 
joists  beneath,  with  the  certainty  of  cracking  the 
ceiling,  nor  docs  the  partition  become  liable,  by  its 
settlement,  to  tear  away  from  the  ceiling  of  its  own 
room,  and  thus  produce  unsightly  crucks  in  the 
))laster  and  cornice.  But  though  it  is  oftcji  practica- 
ble to  obtain  a  continuous  support  up  from  below,  it 
is  by  no  means  desirable  to  use  it,  as  any  unequal 
set'lcmeut  of  the  main  walls,  and  of  the  internal 
division,  Hiust  crack  the  partition.  Therefore  it  is 
better  in  all  cases  to  make  the  partition  self- 
supporting,  and  dependent  only  on  the  two  main 
walls.     The  partition  becomes  in  fact  a  very  deep 

If  there  is  no  doorway  to  be  made  through  from 
one  room  to  the  other,  the  ordinary  king-post  truss 
may  be  used  for  short  spans.  "When  the  span  is  con- 
siderable, or  -when  doorways  are  to  be  made  through 
the  partition,  the  truss  may  assume  the  quccn-post 


building,  as  such  failures  arc  sure  to  be  attended  by 
cracked  walls  and  ceilings.  Partitions  should  therefore 
be  built  of  well-seasoned  tmiber,  the  joints  carefully 
drawn  and  fitted,  and  the  whole  allowed  to  stand  in 
its  permanent  place  some  time  before  it  is  lathed  and 
plastered.  P:  ttl;,,,  :it^  rni  then  be  remedied  it 
serious,  or  if  1'    i  '    ,    )i.,ving  once  taken  their 

In  I 'bn,  ;,-,.._.,:.:  |,.iiii,un,  the  wood  pieces 
(called  no^ijliiij-pkccs)  should  project  a  little  on  both 
sides  beyond  the  brickw^ork,  to  allow  of  the  laths 
being  nailed  to  them.  When  the  thinness  of  a  par- 
tition is  not  so  much  an  object  as  its  strength  and 
impenetrability  to  sound,  it  is  better  to  nad  the  up- 
rights which  take  the  laths  on  the  outsides  of  the 
main  truss,  instead  of  cutting  them  so  as  to  fit  in 
between  the  timbers  of  this  truss.  This  plan  takes 
rather  more  timber,  and  makes  the  partition  tliickcr, 
but  it  renders  it  much  stronger,  and  also  far  less 


3uud. 


partition  adapted  for  two  doorways.  The  sill  or  tie  ; 
nuist  be  either  carried  under  the  flooring,  as  in  Fig.  ! 
0S9,  or  may  be  carried  over  the  head  of  the  doorway,  I 


;  measured  like  floors,  by  the  sip 
In  computing  the  required  streugth  of  the  ] 
a  partition,  the  following  may  be  taken  a 
■iulits  (.f  the  parts  to  be  supported: — 


It  is  a  safe  pkm  to  use  the  highest  numbers  when 
10  truss  is  of  considerable  length,  and  to  emiiloy  tlie 
iwer  numbers  hIicu  the  span  over  which  the  truss  is 

!  1  '  ' '  '  -1  M\     I   name  applied  to  the  portions  of 

,;  nir  in  (he  filature  of  the  cocoons 

:,    .    ,        1 1  is  carded  like  cotton  or  wool,  ami 

uto  a  buil  coarse  yarn  or  thread,  with  whii:li 

n  silk  fabrics  are  made.     See  Silk. 


i,yj^ 

mm-\ 

i 
,1 

-H 
^ 

1 
•1 

The  principals  of  the  truss  (which  in  partition- 
work  are  called  hruccs]  bli<-;il.i  \w  \\A\v..  i  -A  :ii  mhl'^ 
of  about  iO°totlie  hml/  ,      I  ,  ,  ;  ,!     , 

great  extent,  determine  :,         ,  •:         ;     I     .    ; 

ployed.  Thenatureof  ilir  II  ,  :  '.  I  il;>  ..  ,,,  ':|:>  - 
may  be  determined  by  the  ndcs  aln  aily  given  in  tin 
Article  Camentry.  In  deciding  on  the  substance  ol 
the  timbers,  due  regard  must,  of  course,  be  had  tt 
the  weight  to  be  borne  by  the  truss,  as  in  some  cases 
the  partition  has  not  only  to  support  itself,  but  alsc 
a  floor,  and  perhaps  other  partitions  above. 

Any  small  shrinkage  of  timber  or  slipping  at:  joints, 
will  do  more  harm  in  partition-work  than  the  same 
amount  of  yielding   in   almost  any  otncr  part  of  a 


TLUW^ERS,  ARTIFICIAL.  Tlie  manufactui-c  of 
a.liliiial  flowers,  fii'st  brought  to  a  high  degree  of 
CiCellenec  by  the  Italians,  and  now  most  successfully 
prosecuted  by  the  French  and  English,  is  one  of  no 
small  importance  considermg  the  amount  of  skill  and 
laboiu-  which  it  brings  into  requisition.  The  perfcc- 
t  ion  to  which  this  art  has  been  carried  was  illustrated 
ill  a  remarkable  manner  in  the  Great  E.'chibition. 
Tlie  imitations  of  vegetable  nature,  there  shown  in 

r-;  ^■^■-''■-■  ''^'■^'' -■'-■^■■-;''''f 

jiiiiilatcd  as  the  fauuliar '  forms  of  ruse,  lily,  and 
mignonette.  So  accurate,  indeed,  were  the  copies  of 
rare  and  fragile  planf.s,  that  we  have  the  testimony 

1  of  a  professor  of  botany  to  their  value  in  reference 
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Sucli  being  the  successful  results  of  this  mauufac- 
lure,  it  must  no  longer  be  considered  as  a  mere 
auxiliary  to  the  toilet.  It  is  worthy  of  a  liigher  rank 
than  has  yet  been  accorded  to  it ;  and  the  ingenious 
processes  connected  ^viih  it  are  well  deserving  of 
notice.  Tlic  first  altcuipt  at  making  artificial  flowers 
amovi?  c\\:..  i  :  .  ii  .  m^is  by  Iwistmg  ribbons  of 
(Jiffcrcul  '      '  '■''■'  into  the  shape  of  flowers, 

and  fait.,,  ,  :..,,.  i  :  -  ,';o  stems.  Tliis  yielded  to 
the  use  i.l  ;,.,!lie.o,  V. L.ili  were  far  more  elegant,  but 
could  not  always  be  made  to  imitate  in  colour  the 
flowers  wliich  they  represented,  there  being  consider- 
able dilTirully   in   gLltin^  them   to   take   the   dyes. 

Wm  IV  il;,,'  i! ,■!-.■  ,,\'  Mil's   i-  ni'  ^ri'at  biilliancy, 

' .  r  the  purpose, 
,i,  lit  hues.  Thns 
:,.  >,„::,  ;,,;  ;j  :i,  iM'  -.;\,,L.  ~  I,  ,\''  luiig  knowu  how 
to  fabricate  beautiful  artilicial  flowers  from  such 
plumage.  In  Italy  the  cocoons  of  silkworms  are 
often  used,  and  have  a  soft  and  velvety  appearance, 
while  they  take  a  brilliant  dye.  In  Trance  the  finest 
cambric  is  the  cliicf  material,  whUe  wax  is  also 
largely  employed.  The  arrangement  of  tlie  work- 
sho)),  and  the  variety  and  use  of  tools,  where  flower- 
making  is  practised  on  a  large  scale,  are  as   fol- 

A  large  and  well-lighted  room,  which  has  the  means 
of  warmth  in  winter,  is  seleclcd,  and  along  its  whole 
extent  is  placed  a  t  u,;  .  ■!,:.;:  a  i  \\.-  v,  i  ■  .ir^  tables 
used  in  schools,  V. !  i-'vc  a 

good  light  as  long  :.    i  I  :,.i\\ith 

drawers  containing  iiua.LUUo  LumiJ.uluiLi.li,  arranged 
so  as  to  receive  and  keep  separate  the  small  parts 
of  flowers,  such  as  jiclals,  stalks,  minute  blossoms. 


:  be 


t  of  thi 


catkins,  buds,  leaves  not  mounted  on  thei 
and  all  other  parts  i    I  i'; 
finished  specimens,     i 

cleansed,  by  wash  I]  I  _  '  >  i 
colours  employed.  Along 
table  are  placed  flower-holders,  that  is,  light  frames 
with  horizontal  iron  wires,  to  which  the  floweri 
when  attaclied  to  their  stalks,  are  suspended  by 
merely  crooking  the  end  of  the  stalk,  and  hanging  it 
on  the  wire.  Sometimes  tightly  strained  packthread 
is  used  instead  of  wire.    Tigs.  991  and  992  represent 


n 

'^^ns-m 

f  -*    f 

^ 

^ 

Fig.  993,  about  six  inches  high,  fixed  in  a  massiva 
leaden  or  wooden  base.  On  this  rod  is  threaded  a 
arge  bobbin,  on  wjiich  is  wound  a  quantity  of  sOk 
ir  wool.  On  its  summit  may  be  fixed  a  nut  to  prc- 
rent  the  bobbin  when  in  rapid  motion  from  wliirling 


two  forms  of  flower-holder ;  in  both  cases  the  frame 
is  fixed  to  the  table.  Along  the  table  are  also  ranged 
bobbin-holders  in  considerable  numbers,  not  unlike 
those  used  bv  weavers.  The  bobbin-holder  is  a  rod  of 


Tt 


FP 
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off  the  rod,  but  this  is  often  omitted.  Ladies  who 
work  for  their  pleasure,  frequently  have  this  bobbin- 
holder  made  in  an  ornamental  form,  the  base  bemg 
covered  with  bas-reliefs,  and  the  nut  at  the  top 
taking  the  form  of  an  arrow,  a  blossom,  &c.  But 
the  more  sini]ilc  and  free  from  ornament,  the  better  is 
the  holder  for  use,  any  unnecessary  projections  only 
actmg  as  so  many  means  of  entangling  the  silk. 

The  flower-maker  does  not  take  up  flowers  or 
their  parts  with  the  fingers,  but  with  pincers  of  the 
simplest  descrip- 
tion.    Fig.     !        ■ 

santlyiu  use.  'Wiili  ilir-r  llir  smallest  parts  of  the 
flower  can  be  s.  si,  !  n,  ,,  nl  in  their  proper 
places,  raised,  .ii       ■  •  ■•■    '  ;  alauit  and  adjusted 

according   to   ii;     :  v  ,■    aiiist,  and  her  ap- 

preciation of  I]  111    ,  :   1   ,  Ii   is  with  the  piuoers 

also   that  any   I  i   ^  nt   the   extremities 

of  petals,  and    i      -  ''a    tlieir  foi-m  and  in 

the  an-angcmeut  ut  si.ai.ui..-,  aic  copied.  The  proper 
length  of  this  tool  is  about  five  inches.  Each 
workwoman  brings  one  for  her  own  use,  and 
keeps  it  close  at  hand.  Dressing-frames  of  various 
sizes  form  another  part  of  the  furnitm-e  of  the 
On  these  are  stretched  the  materials 


which  are  gummed  and  dyed.  A  ihessing-frame.  Fig. 
995,  consists  of  two  uprights  of  hard  wood,  with  two 
cross  pieces  of  the  same,  capable  of  adjustment. 
The  frame  is  fitted  with  crooks  for  the  attachment  of 
the  material,  or  with  a  band  of  coarse  canvas  to 
which  the  material  can  be  sewn.     Those  frames  have 
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bomctimcs   against  a  wall 

"WLen  covered  witli  tin 

ip  against  tLe  wall  by  oni 


with  a  wooden  handle  attached,  as  shown 
The  balls  are  of  various  sizes,  from  a  pi 
head  upwards,  to  adapt  them  to  the  niiu 
blossoms  of  such  flowers  as  the  forf;ot-: 
e  only  the  slightest  dcg 


ml    t 


3  large  flow 

.How,    &a.,    where    the 

.ly  great.     These  balls 


in  Figs.  <m,  and  997,  are  of  ii'on, 
with  a  hollow  handle,  flat  at  its 
upper  extremity,  that  the  ham- 
mer may  be  readily  applied. 
They  are  about  four  or  five 
inches  long,  and  of  unlln•rllll^ 


becomes  attached  to  the  inte- 
rior, and  caimot  bo  shaken  out, 
a  little  ring  of  wire,  Fig.  90S, 
;30.  Fij.  097  is  introduced  in  a  hole, 7,  Fig. 
997,  left  for  tliiit  imrpose  to  disengage  it. 
,  The  material  is  doubled  several  times  under 
the  cutter,  so  that  several  petals  or  leaves 
may  be  cut  out  at  once.  The  block  on  which 
the  leaves  are  out  out  is  rather  a  complicatcjl 
'•  affair.  It  is  placed  near  a  window,  and  as 
possible  from  the  workers,  that  the  blows  of 
the  hammer  may  not  interfere  with  their  employ- 
ment. Sometimes  it  consists  of  a  very  stout  frame- 
work of  timber,  on  which  is  placed  a  mattress  of 
straw  to  deaden  the  blows,  and  upon  this  mattress 
a  thick  smooth  piece  of  lead,  forming  a  square  table. 
Fig.  999.  In  bome  cases  a  solid  block  of  timber  is 
I  portion  of 
uk  of  a  tree 

he  mat- 
anJ  the  leaden 
;iire  placed.  The 
ners  used  at  this 
,  are  short  and 
^''ii-  '■''•'^-  heavy ;  one  is  espe- 

cially adaptcil  for  smoothing  the  surface  of  the  lead 
when  it  becomes  indented  all  over  by  the  blows  of 
the  workman. 


fold  or  plait  up  the  eeutre 
where  it  is  attached  to  tin 
gcrmcn.     This  fuld  can  be 


i.an,  petals,  a  dec 
uigmg  from  the  ] 


IWi,  1UU3,  aie  also  useful  j 

to  imitate  the  various  mi- 

nutiaj  of  the  blossoms.     .\       ^=J 


of   t 


s  of 


by  gaull'ers  comiioscd  of  two 
jiarls,  on  each  of  which  is  severally  moiddcd  in  copper, 
the  upper  and  under  surface  of  ihe  leaf,  as  shown  ii 
Fig.  lOOi.  Sometimes,  one 
jiart  is  of  iron,  the  other  of 
copper.  It  is  necessary  to  have 
a  very  large  assoitmcnt  of  these 
gauffers;  iji  fact,  they  should 
correspond  in  number  with  the 
cutting-irons  by  wliich  the  forms 
of  leaves  are  punched  out.  The 
leaf  or  leaves  being  inserted  in 
the  gauffer,  a   powerful   pres-  Pig.  lum. 

sure  is  given  to  stamp  the  desired  form.  This  is 
accomplished  either  by  means  of  a  heavy  iron  pressed 
on  the  lid,  or  by  two  or  three  smart  blows  of  a  ham- 
still,  by  the  uni- 


md   1 


,    whie 


;    fou 


])laut.  Gaulloring  is  executed  ii 
".  simplest  being  that  wlnrh  n 
low  form  to  the  petaN  1  '  i  1 
peach,  hawthorn,  and  nm 
serve,  until  the  periml 
form  of  a  bud,  all  the  ]»  1  il  li. 
■ards.  To  imitate  these,  the  j 
iraple    ]iolished   balls   of  iron 


11JU5.       Besides 
I  he   above    arti- 

.-hop  is  provided 
with  an  abundance  of  boxes,  scissors  large  and  small, 
for  cutting  wire,  as  well  as  textile  fabrics,  camels' 
hair  pencils,  sponges,  canvas-bags,  &c.,  that  every- 
thing Hkely  to  be  needed  by  the  work-people  may  be 
injmediately  at  hand. 

The  material  of  which  flowers  are  made  is,  first  and 
best,  (as  already  stated,)  French  cambric,  but  a  great 
quantity  of  Scotch  cambric,  jaconet,  and  even  fine 
ealieo,   are   also    used.      For  some   descriptions   of 
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flowers,  clear  muslin,  crape,  and  gauze,  are  ^vanted ; 
aud  for  some  very  thick  petals,  satin  and  velvet 
are  necessary.  These  materials  are  provided  in 
various  colours,  as  well  as  in  white,  but  fresh  tints 
have  frequently  to  be  given.  These  are  laid  on  with 
a  sponge,  or  a  camels' -hair  pencil,  or  the  petal  is 
dipped  in  colour :  a  quantity  of  green  taffeta  should 
always  be  at  hand  for  leaves.    The  colouring  matters 


r. 


natcrial  for  the  petals 


iuto  purple;   a  little  alu 

red,  and  an  acid  wiU  m 

Iv  r    1 

which  the  shade  i 

,lf.r|, 

■^    Ili    lllL    r^mm'.llj 

einplovcd.  Canniin 

-  I  hau  iu  powder ; 

diffused  in  puru  \, 

.  .-olom-;    a  little 

salt  of  tartar  !.;;_ 

(  aithamus  is  dis- 

solved  (-'>!  ;.    ,' 

1 

■M,  as  w 

cll  as  the  alkalies. 

causes    :i 

■2<:    The  acids  render  it  of 

aliv.-lv:,' 

nv  del 

cate  flesh-eolour  is 

Obtainol   Kv    i;;,-  ,: 

■   till 

nuterial 

coloured  with  oar- 

thamns,  in  sli-hlK 

-soapv 

water. 

Blue   colours  are 

prepared    by  nicai 

s    of 

indigo. 

or    rrussian-bluc. 

Sometimes  balls  of 

comm 

n  blue  a 

re  used,  steeped  iu 

water.     Indigo  is 

liisf.  1 

-,>„lvr,l 

in  sulphm-ic  acid. 

This  is  then  dilut. 

!   powdered  chalk 

or  whitening  is  ad  ii  i  .      ,   i   .  .mo  ceases.   The 

liquor  is  afterwaui^  loi.n.  i  .i  i  ii,  and  the  sediment, 
when  washed,  gives  a  paler  coiuur.  tin  ili  ;  In!,  i,  ;:\ 
is  given  to  indigo  by  adding  a  little  |ii'i  \    "    .. 

colour's  are  given  by  tm-meric  dissoh  ed  ; 

wine,  by  saffron,  chrome-yellow,  &c.  Ci  n  .  .... 
are  obtained  by  mi."vtures  of  blue  and  yellow  ;  violets, 
by  mi.\tures  of  red  aud  blue,  and  by  archil  and  a  blue 
bath ;  lilacs,  by  archil  only. 

The  method  of  making  a  rose  will  give  a  good  idea 
of  the  manufacture  in  general.  First  of  all  I  he  petals 
arc  cut  out  from  the  Cuest  and  most  beautiful  cambric. 
The  pattern-sliapes  mus-t  be  of  different  si;:es,  because 
in  the  same  rose,  the  petals  a;,  a.  i.  i  r  ,i:  !  a  .^  ] 
assortment  of  patterns  euabl. 
imitate  the  variety  of  nature.  W  :  ,  .. 
prepared,  they  have  to  be  dynl  in  a  l.aili  ..i'  i  arman- 
in  alkaline  water.  For  this  piupf.sc,  they  are  held 
separately  by  means  of  pincers,  and  dipped  first  iu 
the  bath,  and  then  into  pure  water,  to  give  them  that 
delicacy  of  tint  which  is  characteristic  of  the  rose. 
But  as  the  colour  of  the  petal  usually  deepens  towards 
the  centre,  a  tint  is  there  laid  on  with  the  pencil, 
while  a  drop  of  water  is  laid  on  the  poiut  of  insertion 
of  the  pet  i\  to  make  the  eolom  there  iade  off,  as 
it  docb  m  nituie  to  white  If  the  light  tmt  is 
not  guen  d  hist  the  processes  aie  lepcated  any 
slight  impLiketu.u  u,h  a.  1  eeu  m  the  pefil.  ct 
most  liM       1  1  I 

with  ll  1 


side,  to  represent  the  glossy  upper  surface  of  leaver, 
aud  witli  starch  on  tlie  other,  to  give  the  velv';ty  ap- 

neithrr  i.  ...  ;;.a  ...r  i,  .  i.i.p,  v,i,;;.;  u  yues  the 
proper  kind  of  under  iUil'ace.  "Wlicre  the  leaf 
requires  a  marked  degree  of  this  velvet  texture,  it  is 
given  by  the  nap  of  cloth  reduced  to  fmc  powder,  and 
properly  tinted.  A  little  gum  is  lightly  passed  over 
the  surface,  and  when  partly  dry,  this  powder  is 
dusted  over  it,  the  superfluous  portion  being  shaken 
off.  These  preparations  having  been  completed,  it 
\.'.   i.n,  in-,  ll    Lii.    til   the  leaves  after  they  are 

■    .  .  .■   of  nature,  by  representing 

.  IIS  which  they  always  exhibit. 
i'.ji  Il:;^  i.'.i!p._;:  \aii.nis  gaufferuig-tools  arc  made 
use  of. 

The  material  for  the  leaflets  of  the  ealyx  iu  roses, 
is  subjected  to  another  process  immediately  on  coming 
out  of  the  dye,  in  order  to  preserve  the  firmness 
which  it  is  necessary  the  calyx  should  have.  To  this 
end,  the  taffeta  while  still  damp  is  impregnated  with 
coloured  starch  on  botli  sides,  and  stretched  on 
the  drying-frame :  when  perfectly  dry,  the  leaflets 
are  cut  out  according  to  pattern.  Buds  are  made 
also  of  taffeta,  or  if  partially  open,  they  are  made  of 
white  kid  tiuted  of  a  suitable  colour,  stuffed  with 
cotton,  or  crumb  of  bread,  and  tied  firmly  with  silk 
to  slender  wires.  The  stamens  are  prepared  by 
attaching  to  a  little  knot  of  worsted  a  sufficient 
.|i;nlll;.  of  u.d^  of  sdl.  1o  f.^ii  the  heart  of  the 
'i  .  ,  I  d  i.  ■  .  ,'..!-  i  .  ,';..  i  lie  proper  length, 
i    .  .    i.  and  when  dry,  ths 


aLe..   I.'.   .■         ;  .,  .'.  ,      ,.i'.-   i.  .■    :  .  .i.y.     The 

I  stem  of  wire,  the  smaller  petals  are  arranged  round 
t,  and  fixed  by  paste  at  their  points.  The  larger  petals 
aiceccd,  some  of  w  hich  are  hoUoWc'd  or  wrinkled,  while 


more  wires  attached  to  that  which  bears  the  heart  of 
the  flower,  and  forming  the  germ.  The  whole  is 
covered  with  silver-paper  tiuted  green.  The  leaves 
are  mounted  on  copper  wire,  and  ai-e  an-anged  on  the 
stem  in  the  order  which  nature  teaches,  the  covering 
of  cotton  and  tissue-paper  hiding  the  joints. 

In  addition  to  the  manuf letuie  of  flowers  luteuded 
as  closclv  is  possible  to  lepiesent  then  liMng  models, 
theie  lb  a  hige  bianch  of  the  ait  m  whieh  the  am 
seiiiiB  to  bt  to  dip  lit  fiiim  niiuie  as  fai  as  possible 
1 1  1        1  a  t    of    the   artist  s 

lb   impossible  to 

I         L  1 1         11    1     1 1  I     \   1    of  natural  forms 

but   ul  umutmal   culoui      bimg   made   to    rssuiue 


FLOWERS,  AB-'JIFICIAL. 


raouniinj;   hues  to  suit  tlic  circumstances  of  tlicii 

wearers.     Tliere   are  also   sold 

more  resplendent,  but  equally  in 

sometimes  the  stamens  and  pistil 

somctinu'S  the  petrels  are  p-ihli-d 

leaves  and  fruit  L-'i'tn'  in  tl;' 


desired  tint  is  obtained.  To  combine  colon 
r  flowers,  only  necessary  to  have  two  or  three  bags  co 
Of  these,  different  colours,  and  to  employ  as  mnch  of 
:  metallic;  ;  shall  have  the  desired  effect.  These  bags, 
■■timps  the    bcint^  spoiled  by  dippin;?  in  wax  already  co 


rublnug  ofl-  tl 

Flowers  ai 

pretend  to  ai 


,    M,\::.,.  ,,:m1    .!•.„    11    !.   ,U.,  iIm-....!,,.!,,^  n,r^,„M-J,ii;.M„.;i,r-,r;i„-cofflowcrs 

luous  giiaing  with  the  same.  ,  is  carried  on  ni  two  ways.  The  lirst  consists  in 
nado  in  chenille,  but  do  not  steeping  in  liquid  wax  little  wooden  moidds  rinsed 
tc  imitation  of  nature.  Tlicre  with  water,  around  which  the  wax  forms  in  a  thin 
cthods  of  making  them,  the  j  layer,  so  as  to  take  the  form  of  the  mould,  and  thus 
present  merely  the  shapes  of  to  present,  when  detached  from  it,  the  appearance  of 
?,  applc-blossouis,  represented  the  whole  or  part  of  a  flower.  In  this  way  lilac  and 
nk  chenille  arranged  round  a  i  other  simple  blossoms  arc  obtained  with  much  rapidity. 
lod  is,  to  make  out  the  distinct  The  branches  arc  also  executed  with  wax  softened  liy 
iiille  placed  close  together.  A  heat,  and  moulded  with  the  fmgers  round  a  thread  of 
tMid,  is  that  of  uniting  chenille  !  w-iro.     As  for  loaves  and  petals,  they  arc  cut  out  of 


of  eolou 


Ihickne 


ic  admirably  imitated 
Some  of  the  most 
\iug,  are  those  found 


,  entirely  freed  from 
hat  is  cither  granular 


them.     One  of  the  best  imilati 
wild  clematis  when  adorned  as  i 
its  plumed  seeds.     These  can  bi 
in  white    marabout   featht 
available  feathers  for  flowc 
under  the  wings  of  young 
The  manufacture  of  was 
using  the  purest  virgin  w, 
extraneous  matters.     Wax 
friable,  must  be  rejected, 
vessels  of  tiunrd   iron,  cipj-; ,   ,,,    ,  ,,i  i  hruw  ,nr.      'I'., 
render  it  duiiil.,  fn  ■  \  >  .  :      ■■  i:  ■ 

is  constantly  ^:i;riil  v.iiii  ..  ..!..  ni  ■/,  ,;  u  ,j!,i:i;l.i. 
All  contact  wiih  inm  inusi   !„■  nMuilr.],  ;iud  if  the 

carefully  tinufil  \\']\rii  siiil'  I.mms  mr  lo  be  ex- 
ecuted,   two  p;il!s    of      ,.     ,,  ,,.•    M    ;,;r    :„  i  i.:l     In    M,!,! 

partsof  w:ix,  tn .     ,  i  \]  ■      ,  ,      ,,    ■  ,  t 

are  needed  in  r  .     ;,  i._   :  I       .  -     ,■ 

by  little  of  essence  of  eil mn  or  lavender.  AVhen  the 
trituration  is  perfect,  this  paste  is  mixed  with  melted 
wax,  stirring  rapidly  all  the  while ;  and  while  the 
mass  is  still  liquid,  it  is  poured  into  moulds  of  paste- 
board, or  tinned  iron,  of  the  shape  of  tablets,  and  is 
then  ready  for  use.  Sometimes  it  is  passed  through 
fine  muslin  as  it  flows  into  the  moulds.  Another 
method  is,  to  tie  up  the  colour  in  a  muslin  bag,  and 
wave  it  about   amongst  th.e  molten  wax  until  the 


:;;;:i'};:'': 

-In--.,  , 

.:,i,.     .,,:,1  VC 
■i._     ■■(    Ir.ive 

■etv  on 
s.  tlu-y 
ith  llie 

lb  suflicirnllv 

tl.   -  .  : 

,,,,,    \, 

lieh   is 

ti-atcly  copied 

l,M     [.,  'alsa 

e  made 

Iherc  simply  1 

V    |.l 

placed 

X  little  footst. 

er    of 

\\.r 

ii.g   moulds 

to  the 
or   the 

rate  imitation 

of Icavi 

s,  is  a 

follows ;— A 

mitm-al 

..r  the  plant 

t  is  M 

slicd 

lo  imitate,  is 

spread 

lightly  1, 
rounded 
Then  in ; 


linches  of  v 


1  of 


liquid   has  the 
is  poured  o 


thrown,  and  briskly  stirred  till  t 
consistence  of  thick  cream.  Th 
the  leaf,  anil  Icit  till  it  is  well  hardened.'    It  is  then 

liiiril  ii|i  ;i  III  ilir  liaC  dctachcd,  when  it  will  be  seen 
ii  li  11  lii;  taken  a  perfect  impression  of 
;     I  I  Illation.    Such  moulds  are  rendered 

with  drying  oil.  This  gives  lln  ■  i  i  ;  '  iiiy, 
and  prevents  their  crumbling  fn hi;  i  <  ,  ,.  ion 

in  water.     It  is  necessary  to  iaiprr        i -l\  on  .dl 

amateur  wax  flower-makers,  tiie  necessity  lor  having 
all  tools  and  moulds  completely  moistened  with  water, 
otherwise  the  wax  will  be  constantly  adhering,  and 
preventing  neatness  of  workmanship. 

The  variety  of  the  materials  used  in  arlifieial 
flower-making,  was  displayed  to  an  amusing  extent 
in  the  Great  Exhibition.  In  addition  to  the  really 
beautiful  and  artistic  productions  already  noticed,  and 
to  the  elegant  flowers  constructed  of  palm-leaves,  of 
straw,and  of  shells,  as  well  as  of  all  the  materials  named 
in  this  paper,  there  were  flowers  fabricated  in  human 
hair,  in  chocolate,  in  soap,  in  wood,  marble,  porcelain, 
common  earthenware  and  other  unpromising  materLals 
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FLUOR  SPAR-FLUORINE— FLUX— POIL 


FLUE,  see  Ciiimxey. 

FLUID,  see  Hydrostatics  and  Hydkaulics. 
FLUIDITY,  see  Heat. 

FLUUR  bPAR.  The  word>or  is  derived  from 
(lie  Latin  fiuo,  to  flow,  in  allusion  to  the  important 
use  of  this  spar  as  a  flux.  The  Germans  also  name 
it  fius-spaih.  Its  elieinical  name  \sJli<onde  of  calcium. 
It  is  found  in  great  beauty  and  abundance  in  England, 
and  especially  in  Derbyshire,  where  it  is  commoidy 
called  Blue  John.  It  is  usually  found  in  cubic  crystals, 
which  adiuit  of  being  easily  cleaved  into  octobedra 
and  tetrahedi-a  by  spUtling  it  in  the  direction  of  its 
solid  angles,  as  in 
Fig.  1006,  wliich 
*  shows  tlie  octohe- 
dronresultmgfrom 
tlic  cube.'  The 
cohiurs     of     fluor 


villi  various  sliadcs  of  l;Uie,  green,  red.  ;  .  :\ .  ..  .i 
puqilo.  Its  sp.  gr.  is  3.  When'reduced  to  small  fing- 
iiicnts  and  heated,  fluor  spar  emits  a  phosphorescent 
light :  the  dark -blue  variety  exhibits  a  beautifiJ  palc- 
grecn  liglit,  strong  enough  to  be  seen  by  day,  but  best 
seen  in  a  dark  room :  the  slightly-fetid  variety  shines 
with  a))urple  tint ;  and  one  variety,  which  shines  with 
a  very  brilliant  green  liglit,  is  on  this  account  termed 
cJdorophane.  This  phosphorescent  property  may  be 
exhibited  by  sprinkling  the  crushed  s|)ar  upon  a  hot 
shovel  in  a  dark  room,  or  by  heating  tlie  spar  in  a 
platinum  spoon  over  a  spirit  lamp.  Compact  fluor  is 
harder  than  common  fluor,  and  is  sometimes  granular 
in  texture.  That  which  is  found  at  Stolberg  in  the 
Harfz  is  of  a  fine  sky-blue  colour,  when  first  raised, 
hut  shortly,  by  exposure,  becomes  perfectly  wliite. 
Indeed,  the  nature  of  tlie  colouiing  matter  of  the  blue 
and  green  spar  is  not  understood.  The  workmen  at 
Castlcton,  who  make  ornaments  out  of  the  Blue  John, 
often  find  the  colour  so  intense  tliat  the  articles  can- 
not 1)6  wrought  thin  enough  to  show  it :  they  therefore 
gradually  heat  the  stone  iu  an  oven  until  it  is  nearly 
red-hot,  when  the  blue  changes  to  an  amethystine 
colour.  By  continuing  the  heat  the  colour  entirely 
disappears.  There  is  also  an  eaiihi/ fluor,  which  ex- 
hibits a  friable  texture. 

The  deep  blue  and  purple  varieties  of  fluor,  found 
only  at  Castlcton  in  Derbyshire,  admit  of  being 
turned  into  vases,  patera:,  and  other  ornaments.  The 
stone  is  first  roughed  out  with  a  point  and  mallet : 
then  heated  until  it  will  fuse  yellow  resin,  which  is 
applied  all  over  it :  this  penetrates  about  I  inch,  and 
serves  to  hold  the  crystals  together.  It  is  next 
:)ugh-turned,  and  a  little  hollowed;  again  heated. 


and  resined  and  turned  stUl  more  into  form :  it  is 
next  bound  round  with  a  thin  wire,  and  again  resined. 
These  processes  aie  contiuuid  until  the  spar  is  thin 
enough  to  show  ihc  colours:  it  is  then  resined  for 
the  last  time,  and  pobshcd.  The  only  tool  used  is 
the  steel  point.  Tlie  manufacture  is  a  difficult  one, 
since  the  spar,  being  an  aggregation  of  crystals,  all 
having  a  fourfold  cleavage,  the  lamina;  easily  split  and 
separate.  Few,  even  of  the  best  workmeu,  can  turn 
very  thin  hollow  articles. 

FLUORINE,  an  ckni.nt.iT  substance,  (F.  19.) 
which  has  never  bnii  itulatrd  iu  a  state  fit  for  ex- 
amination. Conipijuuds  cuutauiiug  it  can  be  decom- 
posed without  difficulty,  and  the  fluorine  transferred 
from  one  body  to  another  ;  but  so  great  is  its  afiinity 
for  the  metals  and  for  silicon,  a  component  of  glass, 
that  in  passing  from  one  body  it  combines  with  the 
vessel  containing  it  or  one  of  its  constituents.  It 
is,  however,  from  certain  results  that  have  been  ob- 
tained, supposed  to  be  gaseous,  and,  like  chlorine,  to 
1'  -Mss  colour.  A  compound  of  hydrogen  and  fluo- 
!  II  c,  liydroflnoric  acid,  has  been  used  for  etching  on 
-  *.  By  heating  powdered  fluor  spar  with  concen- 
ti  ::fj  sulphuric  acid  iu  a  platinum  retort,  with  a 
receiver  of  the  same  metal  kept  quite  cold,  a  very 
volatile  colourless  liquid  is  obtained  which  emits 
copious  white  suffocating  fumes  in  air.  Tliis  is  the 
anhydrous  acid:  it  unites  with  water  with  much 
violence,  and  the  dilute  solution  acis  on  glass  with 
great  ease.  Dropped  upon  the  skui,  it  is  said  to 
produce  deep  and  malignant  ulcers.  For  etching  on 
glass  the  acid  may  be  prepared  iu  vessels  of  lead, 
which  is  but  slowly  acted  on.  Or  the  vapour  of  the 
acid  may  be  applied  in  the  following  manner  : — The 
glass  to  be  engraved  is  coated  with  etching  ground 
on  wax,  and  the  design  traced  in  the  usual  way  with 
a  pointed  instrument.  A  small  quantity  of  powdered 
fluor  spar  is  put  into  a  shallow  basin  of  sheet-lead, 
and  enough  sulphuric  acid  added  to  form  a  thin  paste 
with  the  spar.  The  glass  is  placed  upon  the  basin 
witli  the  waxed  side  downwards,  and  a  gentle  heat 
being  applied  beneath,  the  vapour  of  hydrofluoric  acid 
is  s]  ci  ■;'  I  -'  I  .  ■:>  1.  In  a  few  minutes  the  opera- 
tion ■'  Lilass  is  then  removed,  and 
cleam  .;  •  ,,  \,  ,<  warm  oil  of  turpentine.  The 
lines  It.  1  .  i  i  I  1  >  ",  ;_v  arc  very  clear  and  smooth. 
In  the  Great  Exhibition  some  charming  etchings  on 
glass  were  exhibited  from  Prussian  Saxony,  and  also 
from  Belgium  ;  the  latter  said  to  be  by  a  new  process. 

FLUX,  (from  the  Latin /«»,  to  flow.)  Fluxes  are 
of  gi-eat  use  in  the  chemical  arts.  They  arc  often 
requii-ed  in  cases  of  chemical  action  amongst  metallic 
compounds  at  high  temperatures.  Their  use  is  to 
protect  the  substance  from  the  air ;  to  dissolve  im- 
purities, which  would  otherwise  be  infusible,  and  to 
convey  active  agents,  such  as  charcoal  and  reducing 
matter,  into  contact  with  the  substance  operated  on.- 
See  Copper,  Iron,  &c. 

FLY-WHEEL,  see  Stea:ii.Engixe— Wueel. 

FOCUS,  see  Lens. 

FOIL  (from  the  Latin  folium,  a  leaf).  Metallic 
foils,  made  ot  thin  sheet-copper,  silvered  and  bur- 
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nislied,  and  afterwai'ds  coated  with  transparent 
colours  mixed  with  isinglass-size,  are  ofteu  used  by 
jewellers  to  improve  the  brilliancy  of  pastes  and 
inferior  stones.  [See  Gems— Jewellery.]  Copper- 
foil,  also,  called  Nuremberg  or  Oernuin  foil,  is  pre- 
pared by  beating  thin  copper  plates  with  a  polislird 
hammer,  upon  a  well  polishfil  inn  II,  imlil  ilir  ilrsiinl 
reduction  is  obtained :  tho  coiiim  !■  i-.  tlnn  biMinl  in 
the  fire  between  two  tliin  imn  plalrs;  nrxl  huilr,!  m 
apipkin,  in  n  ^~W\-~-,   -A   .      ,,,    ,~y.\-  (a,t:,r  aial  -.■aV. 

nor  must  they  be  boiled  longer  tliau  is  necessary  to 
the  white  appearance.     The  polishing  i 


character  peculiar  to  itself,  and  often  a  crystalline 
form.  It  is  very  different  with  the  58  oilier  members 
of  the  list  of  elements ;  the  compounds  which  they 
assist  in  forming  are  inorganic,  and  they  are  formed 
by  the  union  of  pairs  of  element.?,  or  pairs  of  Linarij 
cnmpnunds.  For  example  :  eopiicr  and  oxygen  com- 
liiiir  to  fiirm  oxide  of  copper ;  potassium  and  oxygen 
l>-:iii    pnlash;    sulpluir   and  oxygen   fovni   suliihuiio 


then  per-  !  may  be  produced  by  repeated  p 


?.  of  copper,  about  '  thrir  ( 


luface,  and  polished  with  a  polishing  stone 
.'hitcuing  until  they  are  as  bright  as  a  mirror ; 
(li.'n  ilrlr.l   aiiil  lalrt  1111  socure  ffom  dust. 


tufc   the    food   of 


h   ''.r  1 ;\(s  into  simpler  compounds. 

■  .-s.A\\--  ,i>  ■  I  Mc.  on  the  contrary,  however  ci 
r\  Its  tnrmuia  may  appear,  is  actually  built  nj 
nary  compounds,  the  simjilest  th.at  can  be  lorn 


much  as  possible  in  its  original  state  is  therefore  of 
great  importance :  it  has  been  improved  by  gradual 
steps,  depending,  in  great  measure,  as  in  so  many 
other  cases,  ou  chemical  discovery  and  the  diffusion 
of  chemical  knowledge  among  persons  engaged  in  the 
useful  arts ;  so  that,  at  the  present  time,  the  de- 
privations suffered  by  our  forefathers  may  be  pre- 
vented ;  the  commonest  articles  of  food  may  be  enjoyed 
at  all  seasons ;  and  even  the  delicious  fruits  of  our 
gardens  may  he  made  to  eoutiibute  to  our  health  and 
refreshment  at  a  season  when  the  trees  which  produced 


a,  stror 


:id; 


overed  with  s 


The 


ily  confined  to  salt  meats :  he  may, 
,  the  longest  voyage,  and  in  the  severest  clime,  as 
sily  enjoy  fresh  meat  and  vegetables  as  when  he  is 


The  necessity  for  adnpllng  i 
vation  of  artirli-  uf  r,.,„!  :...,,- 
structure  of  (nj      > 
to  resolve  tiicnr.  !■.       i,    . 

rans  for  the  prescr- 
lum  the  complicated 
.  and  their  tendency 
<  1  or  inorganic  com- 

pounds.     Altli..u-!i  i!,r  r  :„,,;, ! 
animal   and  vegetable   kingdon 

jusive  history  of  the 
s   is   written  with  a 

very  brief  alphabet;    although 
enter  into  the  composition  of  o 
carbon,  hydrogen,  and  oxy;-  ,-,  , 
nitrogen,  and  occasional! \ 

the  elements  which 
gnnic  bodies  are  only 

'■l.nj.al  not  always, 
nl- sulphur 

and  phosphorus;   yet  tin   i    < 

.1,    .■     iHuvers  of 
,■   a|..r,,:s   to  be  no 

limit  to  the  number  of  definite  .s 

ibstanci-s  which  they 

are  capable  of  producing,  each 

substance  having  a 

the  hydrogen  and  oxyn.;i  lo  i-  i.n  hiIm  ;  the  hydro- 
gen and  nitrogen  to  I  ni.i  ;  ,1  ,  '  '  ;  r  I  111- hydrogen 
and  the  sulphur  to  fuiii  i   'av.liogen,  &e. 

In  popular  language,  tin  sc  lIuui-v.,  aic  expressed  by 
such  terms  as  decdi/  and  pnfnfiiclioH.  Liebig,  how- 
ever, has  given  precision  to  them  by  limiting  the  term 
rlecHj/ to  the  drcomposifiini  of  moist  organic  mafler 
freely  exposril  to  iar  ..]; ,  il.r  >., ••■,!!  ..f  wl.'.'a-ia- 
dually  bums  ,)  ..i  ,;.•  ^,.,.-  i  '■.'>•  ■  ,:•■:.  .:-,a- 
tion  of  temj"  i   ■  :.:i       I  i-  .1 

water,  the  efi'ect  being  a  mere  transposition  of  ele- 
ments or  metamorphosis  of  the  organic  body."  The 
conversion  of  sugar  into  alcohol  and  carbonic  acid  is 
a  simple  illustration  of  the  trrm  The  ro„t::r^  of 
oxygen  is,  however,  first  ueciN  a  '  >  i'n  ^ 'i  m  ■<■, 
which,  when  once  begun,  is  r..i,  i!ir 

aid  of  any  other  external  sulistaia  ■  '  ,  i  1 1  'pj 
water,  or  its  elements.  Every  ii.i'  "i  :  .  <  i.ir- 
tion  begins  with  decay ;  and  if  il.'  '      M, 

■(■iz.  the  absorption  of  oxygen,  In-  p  '      i    n    ,   .im-- 

faetion  occurs.     In  short,  if  the  acn;-  "i      s >,'  •'  Iji-' 


701- 


rOOD,  PRESERVATION  OF. 


[jreveutetl,  there  is  no  decay ;  if  the  access  of  water 
be  prevented,  tlicre  is  no  putrefaction.  The  e.xchision 
of  air  and  moisture  forms  the  basis  of  some  of  the  best 
methods  of  preserving  food. 

There  are  certain  substances  named  Aiitiseptia, 
(from  avTi,  against,  and  crtjiroiiai.,  to  put  refy,)  from,  their 
property  (exerted,  however,  very  unequally)  of  pre- 
venting the  putrefaction  of  organic  substances.  Thus, 
alcohol  and  common  salt  in  certain  proportions,  check 
all  putrefaction  and  all  the  processes  of  fermentation 
by  depriving  the  putrefying  body  of  water.  Nitre, 
vinegar,  spices,  and  sugar  are  also  antiseptics. 
The  antiseptic  effect  of  a  very  low  temperature  is 
caused  by  the  soUdification  of  the  water  and  other 
juices,  which,  in  their  usual  fluid  state,  allow  the 
molecules  to  move  freely  on  one  another. 

We  will  first  notice  the  various  methods  of  pre- 
seiTing  animal  food ;  these  are : — 1.  by  drying ;  2.  liy 
cold;  3.  by  salting  and  by  sugar;  4.  by  smoking; 
5.  by  vinegar;  6.  by  parboiling  and  excluding  air; 
7.  by  potting ;  S.  by  alcohol. 

1.  A  familiar  example  of  the  first  method  is  afforded 
iu  common  glue,  which  in  its  hard  and  dry  state  may 
be  kept  for  any  length  of  time.  So  also  may  white 
of  egg,  if  prepared  in  the  manner  directed  for  fining 
coffee.  [See  Cofjee,  p.  409.]  Tliese  two  substances, 
ffeladnc  and  albumen,  are  two  of  the  constituents  of 
flesh  ;/iW«  or /«% /ire,  which  is  the  third,  dries 
equally  well,  and  is  )iot  liable  to  putrefaction  in  that 
state.  Gelatine,  after  being  dried,  may  be  softened 
by  the  action  of  liot  water.  Albiimem  cnariulatei  by 
beat  cannot  be  softened  again  I\v  \v:itrr:  I'nt  if  dried  at 
about  140°  without  being  tm;,,  ■  ',,i  ;i  i  lir  dis- 
solved in  cold  water,  retaiiT  '  ■  pro- 
perties. Hence,  iu  prescrMUL-  im  ;it  h,  uimhi;-,  too 
high  a  temperature  must  be  carilully  avouled,  or  the 
albumen  will  become  coagulated,  and  the  meat  be 
made  insoluble. 

The  dried  flesh  of  the  bison,  of  the  buffalo,  and  of 
the  deer  forms  pevmican,  the  preparation  of  which 
is  thus  described  in  Captain  Back's  Journal : — 

"  Wliile  meat  remains  in  a  thick  piece,  it  is  im- 
possible to  get  the  middle  dried  before  putrefaction 
commences;  but  if  the  meat  be  cut  into  slices,  its 
desiccation  may  be  easily  effected.  The  fleshy  parts 
of  the  hind  quarters  are  cut  into  vei-y  thin  slices, 
dried  in  the  sun,  or  before  the  fire,  and  pounded. 
Two  parts  of  the  pounded  meat  are  then  mixed  \ritli 
one  of  melted  fat,  and  packed  into  a  bag  formed  of 
the  hide  of  the  animal.  A  bag  weighing  DO  lbs. 
called  a  fc?/;Yff?(  by  the  Caninii.ui  \mvi^,iii  .;  and 
fact,  only  one  bag  of  prni:,  ;.   nu 

from  each  bison  cow.     Two   ,  kiiul 

food  arecuflieient  for  the  daiU  .m\.\mi\,  ul  ,i  l.tbour 
man;  though,  when  the 
upon  pemmican,  they  each 
the  spring,  thry  generally  boil  the  young  shoots  of  the 
Epilohii,  :  ,  '■'  '■  ,v;tli  it,  and  some  Scotch- 
men in  '  ']■  Hudson's  Bay  Company, 
add  II.  111,.  ,  i  I  i,  I,  ndering  it  more  palatable 
Thebrsi  |.  ::  :;,  .,v,  ,  i,:,,!c  of  fiiu'ly  pounded  meat 
mixed  witli  marrow,  and  fm'ther  improved   by  the 


addition  of  dried  berries  or  currants.  If  kept  from 
the  air,  it  may  be  presci  vcd  sonnd  for  several  years, 
and  being  very  ]"Mi,.',;,,  I:  i.ijii  lie  used  wittv  great 
advantage  iu  ])in,  I  :       ,     i  iliat  have  to  make 

forced  marelics.     i'  i  raw,  or  mixed  with 

a  little  water  ami  I  -  :<  J  ;  :,  i  aliliough  not  much 
relished  by  those  who  taste  it  for  the  first  time,  the 
voyageur,  with  the  shigle  addition  of  the  luxury  of 
tea,  requires  nothing  else  for  breakfast,  dimier  and 
supper." 

In  the  West  Indies,  and  in  South  America,  jerked 
beef  is  prepared  by  cutting  the  meat  into  slices, 
dipping  them  into  sea-water  or  brine,  and  then  drying 
them  in  the  sun.  The  flesh  of  wild  cattle  is  thus 
preserved  at  Buenos  Ayres.  Sometimes  this  dried 
meat  is  pounded  in  a  mortar,  into  a  uniform  paste, 
which  is  pressed  inio  jars,  and  if  mtended  to  supply 
the  wants  of  tlir  l,,,..!!.  i-,  it  i^  liratcn  np  with  maize 
meal  and  packed  I '■' I ';>  im  ir  :ihri-  bags.  It  is  eaten 
in  this  state  wii  1m 'ill  liiiili.i  r<  "Ling.  Drying  meat 
in  the  air  is  saiil,  h^wrwi,  tu  iujnre  its  flavour,  and 
to  dissipate  a  great  inn  i  ion  uf  tlie  nutritious  juices. 

Some  kinds  of  llsli  arc  preserved  by  slitting  them 
down  the  middle,  and  drying  them  in  the  air  to 
evaporate  the  moisture.  Small  cod,  haddock,  and 
stock  fish,  prepared  in  this  way,  will,  if  kept  dry, 
remain  good  for  a  great  length  of  time. 

Portable  soup  is  prcpai'ed  by  processes  similar  to 
those  used  in  the  manufacture  of  glue.  [See  Glue.] 
The  gelatine  of  meat  is  dissolved  by  boiling  water, 
and  the  water  being  evaporated,  the  gelatine  is  left  in 
a  solid  state.  Any  fresh  lean  meat, with  the  fat  cut  away, 
wiU  answer  the  purpose.  Bones  are  also  used  for  the 
purpose,  [see  Boxe,]  the  gelatine  being  extracted  by 
means  of  a  digester.  [See  Digester.]  In  the  French 
manufacture  of  r/elntiiie  brut  Jin,  100  lbs.  of  bones  yield 
about  25  of  gelatine,  which  is  dried,  cut  up  into  dice, 
and  used  for  making  soup. 

2.  The  effect  of  cold  in  tlie  preservation  of  animal  sub- 
stances received  a  remarkable  illustration  in  the  dis- 
covery made  by  Pallas,  in  the  year  1779,  on  the  shores 
of  the  Frozen  Ocean,  near  the  mouth  of  the  river 
Lena,  of  an  animal  of  immense  size,  imbedded  iu  iee, 
which,  as  it  melted  gradually,  exposed  it  to  the  air 
and  furnished  food  for  the  hungry  wolves  and  other 
airimals  of  those  regions.  It  was  the  opmion  of 
-Cuvier,  that  this  animal  difi'ercd  from  every  known 
species  of  elephant,  and  was  antediluvian,  preserved 
from  the  remote  period  of  the  deluge  in  the  mass  of 
iee  which  envcloiied  it.  Some  of  the  hair  of  this 
animal  may  bo  Mm  in  tl  r  i,,ii-,  i iln'  lluyal  Col- 
lege of  Surg,  nl;            1                     i 

tries  where  flic  huii  lo  t,ulllei.iil;\  tii..j;, ,  meat  pre- 
served in  this  way  is  a  eommon  article  of  connneree. 
Travellers  speak  with  admiration  of  the  frozen  markets 
of  Russia,  supjilicd  as  they  are  from  distant  places 
Willi  piiAi  ;,  1  .  -  lld'Cied  by  the  cold.  Thus,  in  the 
maiki;     ■    1     ■:  ,  iNlr.  KolJ  noticed  partridges 

frtuii  s,   ,:   II  1  mm  Finland,  heath-cocks  and 

gi-on-e  iV  in  Li-.-nii  and  Esthuria,  whde  the  wide 
Steppes  fnrnishcd  the  trapp-geese  which  flutter  over 
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then  "iudlcss  plaius,  where  the  Cossack  liimts  tliem 
on  horstSack,  aud  kills  them  with  his  formidable  whip. 
All  these  birds,  as  soon  as  the  life-blood  has  flown, 
arc  apparently  converted  into  stone  by  the  frost,  and, 
packed  in  hnge  chests,  are  sent  for  sale  to  the  capital. 
So  rapid  are  the  effects  of  frost  in  that  country,  tliat 
the  snow-white  hares  which  are  brought  in  sledge- 
loads  to  the  market,  are  usually  frozen  in  the  atti- 
tude of  flight,  with  their  cars  pointed  and  their  legs 
stretched  out,  just  as  tliey  were  at  the  moment  of 
death.  Another  curious  sight  in  these  markets  is  a 
frozen  rein- deer,  its  knees  doubled  under  its  body,  its 
hairy  snout  stretched  forth  upon  the  ground,  and  its 
antlers  rising  majestically  in  the  air;  or  a  mighty  elk, 
disappearing  piece  by  piece,  as  the  action  of  the  saw 
and  the  axe  separates  it  for  distribution  among  the 
several  customers. 

Wlien  provisions  have  been  frozen,  great  care  is  re- 
quired in  thawing  them ;  for  if  this  be  done  suddenly, 
putrefaction  soon  sets  in,  and  although  cooked  imme- 
diately, they  are  hard  and  deflcient  in  flavour.  They 
must  he  thawed  by  immersion  in  cold  water. 

The  London  markets  are  supplied  with  salmon 
packed  in  ice  from  many  of  the  northern  rivers  that 
flow  to  the  eastern  coasts  of  Britain.  Every  salmon 
fishery  is  now  provided  w^ith  an  ice-house,  aud  a  stock 
of  ice  collected  during  the  winter.  The  salni'iii  is 
packed  in  large  oblong  wooden  boxes,  with  pounded 
ice  between,  aud  the  fish  is  received  in  Loudon  as  fresh 
as  when  it  was  taken  out  of  the  water.  It  is  not, 
however,  frozen.  Most  fishmongers  are  furnished 
with  ice-houses  or  cellars  for  the  preservation  of  their 
fish  in  tubs  of  ice ;  and  we  do  not  see  why  butchers 
should  not  be  provided  with  larders  cooled  by  the 
same  means.  In  many  parts  of  the  United  States 
every  housekeeper  has  a  small  ice-safe,  in  which, 
through  the  warm  season,  all  kinds  of  perishable  pro- 
visions arc  kept.  Public  iee-houses  are  also  maintained 
by  the  butchers,  so  that  under  the  burning  climate  of 
South  Carolina  there  is  less  loss  in  the  way  of 
butcher's  meat,  fish,  game,  &c.,  than  in  the  compara- 
tively temperate  summer  of  our  own  metropolis.  The 
meat  is  sent  to  the  ice-house  near  the  market,  every 
evening,  and  is  cooled  down  to  near  the  freezing  point 
during  the  night ;  when  exposed  on  the  stalls  next  day 
it  retains  its  low  temperature  for  a  long  time.  Such  a 
plan,  adopted  in  London,  would  prevent  the  immense 
waste  of  meat  during  every  summer,  which  is  said  to 
amount  to  at  least  2,000  tons  in  London  alone.  It  is 
true  that  when  meat  has  been  once  frozen  its  flavour 
is  injured,  but  the  reduction  of  meat  to  32°  or  there- 
abouts, and  the  solidification  of  its  juices,  are  very 
different  things :  and  it  would  be  easy  to  regulate  the 
temperature  within  a  range  of  several  degrees.  [See 
Ice.] 

3.  Various  kinds  of  salt  are  used  in  the  preserva- 
tion of  food  ;  these  will  be  described  under  Sodium, 
Chloride  of.  Saltpetre  and  sal-prunella  (which  is  salt- 
petre deprived  of  its  water  of  crystallization  by  heat)  are 
also  used  for  the  purpose.  The  action  of  these  alkaline 
salts  upon  animal  substances  is,  as  already  noticed,  to 
abstract  the  water  in  the  juices  of  the  meat,  and  being 


therein,  the  s.-uls  cuter  the  pores  of   the 
.b.stancc;  the  albumni  of  the  meat,  which  is 


liable 


fibriiie,  is  thus   rendnri    \  .       i,    ir    are   two 

methods  of  salting,  fZ/v/-.-.;,  i  /  ,v.:..,.y.  In  dry- 
salting,  the  meat  is  paokid  ju  ury  sail,  or  in  some 
cases  the  surface  is  rubbed  all  over  with  salt.  In 
pickling,  the  meat  is  kept  immerssd  in  a  solution 
(sometimes  saturated)  of  common  salt  dissolved  in 
water.  This  method  docs  not  render  the  meat  so  salt  as 
dry  rubbing,  and  is  probably  less  injurious  to  its  nutri 
tious  qualities,  but  it  will  not  keep  the  meat  so  well. 
Bacon  is  cured  by  salting  and  drying,  for  which  latter 
purpose  it  is  often  hung  up  in  the  wide  chimneys  of 
farm-house  kitchens ;  cod  is  also  salted  and  dried  for 
the  large  demand  of  the  Peninsula ;  in  England,  it 
is  used  in  a  e/reen  state;  that  is,  instead  of  being  split 
quite  opeu,  it  is  only  opened  down  to  the  navel,  then 
salted,  and  laid  in  brine  or  strong  pickle,  and  put  into 
casks  without  drying.  Haddock,  cod,  or  ling,  are 
cured  by  splitting  the  fish  and  r>  ,:;-  !ii_-  iv  la.l- 
bonc ;  they  are  then  salted  for  t\in  .  : i  li 

equal  parts  of  salt  and  sugar,  or  ^^^  I '  ,  I'i'V 

are  next  stretched  on  sticks,  aud  laid  uu  i1;l  lnurh  to 
dry  in  the  sun,  or  they  arc  arranged  on  stages,  or 
hung  up  in  an  enclosed  space  warmed  by  a  stove. 
Herrings  art  salted  or  pickled,  and  smoked. 

Sugar,  like  salt,  takes  away  the  water  from  animal 
substances,  and  thus  prevents  putrefaction.  By  im- 
mersing meat  m  molasses,  it  has  been  preserved  fresh 
for  months.  Pish  is  sometimes  preserved  by  cutting 
it  open,  rubbing  in  sugar,  and  leaviag  it  for  a  few 
days ;  it  is  then  dried  in  the  air,  taking  care  to  turn 
it  frequently,  Por  a  salmou  of  six  pounds  weight,  a 
table-spoonful  of  brown  sugar  is  sufficient ;  but  if 
hardness  be  required,  a  teaspoonfij  of  saltpetre  is  to 
be  added. 

4.  The  efficacy  of  smoking,  or  smoke-drying,  arises 
not  only  from  the  heat  of  the  smoke,  but  from  certain 
chemical  products  disengaged  during  the  combustion 
of  the  wood  fuel  used  for  the  purpose.  Pyroligueous 
acid  vapour  and  kreosote  arc  both  produced,  and  the 
latter  substance  possesses  the  remarkable  property  of 
coagulating  albumen.  Hence,  those  chimneys  only 
are  fit  for  the  purpose  wliere  the  fire  below  is  wood 
or  peat,  not  coal.  The  kind  of  wood  burnt  is  also  of 
importance,  the  smoke  from  beech  and  oak  being  pre- 
ferable to  that  froni  fir  or  larch.  Smoke  from  the 
twigs  of  juniper,  rosemary,  peppermint,  &c.  impart  to 
the  meat  a  portion  of  their  aromatic  flavour.  W^est- 
plialia  hams  owe  some  of  their  excellence  to  beiug 
smoked  by  juniper.  Slow  smoking  is  preferable 
to  rapid,  as  it  penetrates  eomjiletely  into  the  in- 
terior of  the  meat.  In  some  parts  of  the  country, 
the  drying  and  smoking  of  hams  is  a  separate 
trade,  a  charge  of  M.  or  6(/.  per  ham,  and  \s.  for  a 
flitch,  being  made.  In  such  cases,  a  smoking-house 
or  hut  is  erected,  about  12  feet  square,  and  the  walls 
7  feet  high,  with  a  hole  in  the  roof;  joists  are  laid 
across  inside,  to  hang  the  flitches  on,  and  the  floor 
is  covered  5  or  6  inches  deep  with  saw-dust,  which 
being  kindled,  produces  much  smoke  and  little  flame. 
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5.  Tiucgar  aud  some  otlier  acids  preserve  botli 
animal  and  vegetable  substances  by  coagulating  their 
albumen,  -n-hich,  as  already  stated,  is  peculiarly  liable 
to  putrefactive  fermentation. 

0.  In  the  year  ISIO,  M.  Appert  received  a  reward 
of  12,000  francs  from  the  French  Govenunent  for  his 
method  of  parboiling  provisions,  and  enclosing  them 
in  earihenware  vessels  in  such  a  manner  as  to  ex- 
clude the  ail'.'  Many  vegetables,  fniits,  &c.,  can  be 
kept  fresli  for  a  great  length  of  time,  by  shutting 
them  vip  closely  in  a  vessel,  having  previously  filled 
up  the  interstices  with  sand  or  other  loose  substance 
that  will  exclude  nearly  all  the  air.  Fresh  walnuts 
may  be  preserved  in  this  way  in  a  jar,  packed  with 
sand  and  closely  covered  over ;  grapes  packed  in  saw- 
dust are  imported  into  England  from  the  Peninsula 
Meat  cannot  be  preserved  in  this  way,  but  by  ex- 
posing it  to  the  heat  of  boiling  water,  the  albumen, 
in  which  putrefaction  first  commences,  coagulates; 
and  as  coagulated  albumen  is  somewhat  slow  in  de- 
composing, we  thus  have  a  reason  for  the  common 
observation  that  cooked  meat  will  keep  longer  than 
raw.  It  will  not,  however,  keep  many  days,  unless 
the  air  be  perfectly  excluded,  not  only  from  the 
external,  but  from  the  internal  parts.  The  air  in  the 
interior  may  be  expelled  by  boiling,  and  the  exterior 
air  may  be  kept  away  by  enclosing  the  substance  in  an 
air-tight  vessel.  If  these  conditions  be  carefully  ob- 
served, food  may  be  preserved  for  any  length  of  time. 
Appert's  method  consists  in  applying  heat  to  the  sub- 
stances to  be  preserved,  so  as  to  coagulate  their  fer- 
mentable juices,  and  then  to  place  them  in  such  a 
situation  as  to  deprive  them  of  contact  Mrith  air.  The 
vessel  in  which  the  meat  is  prepared,  is  plunged  for 
some  time  into  boiling  water  before  it  is  finally  sealed, 
in  order  to  drive  out  the  last  portions  of  the  air;  for 
if  a  small  portion  of  oxygen  gas  were  present,  this 
would  be  suiBoieiit  to  connnenee  the  process  of  fer- 
mentation, aud  when  once  begun  it  would  be  con-  j 
tinned.  ! 

Messrs.  Doukin  &  Co.  took  out  a  patent  in  this 
country  for  M.  Appert's  process,  which,  as  improved 
by  them,  may  be  described  as  follows  :— 

The  meat  to  be  preserved  is  fii-st  parboiled,  or 
somewhat  more,  and  freed  from  the  bones.  It  is  then 
put,  together  ^vitb  vegetables,  if  required,  into  tin 
cases  or  canisters,  which  are  filled  quite  up  with  a  rich 
gravy ;  a  tin  cover  with  a  small  aperture  in  it  is  then 
carefully  fixed  on  to  each  canister  by  solder,  and  while 
the  vessel  is  perfectly  full,  it  Ls  placed  in  boiling  water, 
or  in  a  saline  bath,  heated  above  the  boiling  point  of 
water,  and  kept  therein  until  the  air  has  been  ex- 
pelled as  completely  as  possible  by  the  steam  gene- 
rated within  the  canister.  The  small  hole  in  the  cover  is 
completely  closed  up  with  a  little  solder  while  the  con- 
tents are  yet  hot,  the  issue  of  the  steam  being  stopped 
for  a  moment  by  means  of  a  damp  sponge.  The 
canister  with  its  ingredients  is  now  allowed  to  cool. 


in  consequence  of  which  these  contract,  and  the  sides 
of  the  vessel  are  forced  slightly  inwards  by  the  pres- 
siu-e  of  the  atmosphere,  and  become  a  little  concave. 
As  a  precautionary  measure,  however,  the  tms  are 
placed  in  the  testing-room,  which  is  heated  to  above 
100°  Fahr. :  should  putrefaction  take  place  in  conse- 
quence of  a  minute  portion  of  oxygen  left  in  the  case, 
and  not  combined  with  the  animal  or  vegetable  matter, 
the  generated  gases  will  burst  the  canisters ;  those, 
however,  which  withstand  this  test,  will  preserve  the 
provisions  for  many  years;  for  as  each  vessel  is  hermeti- 
cally sealed,  and  all  access  of  air  prevented,  it  may  be 
sent  into  any  climate  without  fear  of  putrefaction,  and 
the  most  delicate  food  of  one  country  be  thus  eaten  in 
its  original  perfection  in  a  distant  region,  many  months 
or  even  years  after  its  preparation.  In  this  manner 
may  all  kinds  of  alimentary  substances  be  preserved; 
beef,  mutton,  veal,  and  poultry;  fish  and  game; 
soups,  broths,  and  vegetables ;  creams  and  custards. 
Of  a  quantity  taken  by  Captain  IS'ash  to  India,  not 
one  canister  was  spoiled ;  and  one  which  he  brought 
back  contained,  after  two  years,  beef,  in  the  liigliest 
state  of  perfection  and  preservation,  and  after  having 
been  carried  upwards  of  35,000  miles,  in  the  warmest 
climates.  This  method  has  been  adopted  by  the 
Commissioners  for  victualling  the  Navy,  who,  having 
examined  some  meat  so  preserved  for  four  years, 
diu-ing  voyi^es  in  the  Mediterranean  and  to  America, 
found  it  as  sound,  sweet  and  fresh,  as  if  it  had  been 
boiled  only  the  day  before.  Captain  Basil  Hall  bears 
similar  testimony.  It  was  stated,  however,  by  the 
oflicers  in  the  Antarctic  voyage,  that  they  gradually 
got  very  tired  of  preserved  meats,  but  not  of  pre- 
served vegetables,  and  that  there  was  an  insipidity  in 
them  which  they  did  not  find  in  fresh  food.  There 
is,  however,  no  doubt  that  if  the  articles  be  selected 
with  care,  and  the  process  be  properly  conducted, 
M.  Appert's  method  of  preserving  food  is  a  valuable 
invention.  If  the  contractor  be  careless  or  dishonest, 
the  most  fearful  consequences  might  ensue  to  the 
crews  of  ships  victualled  with  preserved  meats.  It 
appears  from  a  recent  examination  of  several  thousand 
canisters  of  the  preserved  meat  of  the  Navy  at  Ports- 
mouth, that  their  contents  were  masses  of  putrefac 
tion,  consisting  of  meat,  coagulated  blood,  pieces  ot 
liver,  intestines,  ligaments,  &c.,  which,  even  in  a  fresli 
state,  ought  never  to  be  used  as  food.  It  is  stated 
that  this  preserved  meat  was  supplied  from  Galatz. 
iu  Moldavia. 

In  1S42,  M.  Appert's  method  was  made  the  subject 
of  a  further  patent,  granted  to  Mr.  Bevau,  whose 
process  consisted  in  expelling  air  from  the  cases  con- 
taining the  food,  by  placing  such  cases  in  connexion 
with  a  vacuum  chamber,  or  other  exhausting  appara- 
tus, and  also  with  a  vessel  containing  gelatine  or 
other  suitable  fluid  material,  in  such  a  manner,  that 
by  opening  the  communications,  the  air  escapes  into 
the  exhausting  apparatus  and  the  gelatine  takes  its 
place.  By  this  method  the  high  temperature  pre- 
viously used  in  preservmg  food  was  not  required ;  it 
could,  on  the  contrary,  be  cooked  at  very  low  tempe- 
ratures, and  in  a  space  almost  void  of  air.    The  appa- 
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vacuum  is  piod\ifcd  by  blowing  steam  through  it  by 
the  pipe  I  out  through  k :  I  and  /c  are  then  closed, 
and  a  jet  of  water  at ;«,  applied  to  the  outside  of  the 
sphere,  condenses  the  steam  nnd  leaves  a  vaeuum 
within  it.  The  substaurf  t.,  ]■„■  :>ri":(-rvr(l  i :  piirlo-  nl 
within  a  cylindrical  tin  M  i'.    ' 

then  soldered  on,  and  iwn  ■        l' 

passed  into  it  air-tight,  as  i,.    ,  ,    :'i.   ■  i 

being  secured  to  the  [u|"'     '  '    '       li       > 

next  immersed  in  a  watt  1  I     ..        ,    ,   ;   i,  , 
about  120°,  and  by  turn 
poition  of  the  air  in  ilu   .   :.:  ,■  n  ,h.     i,ii.,  i,,  !',.■ 

n  I  M  Ic  of  food,  animal  or  vegetable,  in  the  case,  being 
I    lis  lelieved  of  atmospheric  pressure,  the  heat  of 

IJii  lb  sufficient  to  cook  it,  and  tn  cxpol  the  air  from 
It.  A  fowl  lb  eniil,  '  1  llii  ^  i;,  '!!  uljout  15  minutes. 
The  eoeki»is  til  I       i         nlatine,  kept  fluid 

by  the  warm  li  in    i  i,     i    ,•  iMpes  jf  and  c,  into 

hermetically  scaled  by  nipping  the  In-  ! 

thepointsy^      The  case  is  then  sulin;  ■  i    i  '■  ;    i  i 
minutes  to  the  action  of  boiling  walci,  (•',"  i;.ini:i-  , 
for  a  fowl,)  and  when  cool,  the  process  is  complete. 

A  concentrated  form  of  food,  called  mail  bisciiU, 
excited  a  considerable  degree  of  attention  in  the 
Exhibition  of  1851.  It  is  formed  by  boiling  down  the 
fresh  beef  of  Texas,  and  mixing  into  the  strong  becf- 
tca  thus  formed  a  certain  projiortion  of  the  finest 
flour.  The  biscuit  formed  from  these  materials  is  so 
nutritive,  that  less  than  four  ounces  a-day  (mixed  with 
warm  water  or  not,  according  to  circumstances,)  is 
sufficient  food  for  a  man  in  active  service.  It  is  very 
light  and  portable,  and  keeps  perfectly  wcU  without 
change :  hence  it  is  admirably  adapted  to  the  pro- 
visioning of  troops,  ships,  and  overland  expeditions. 
The  manufacture  is  also  of  great  importance  to  those 
countries  in  which  cattle  are  superabundant,  and 
are  killed  merely  for  the  sake  of  their  skins  for 
the  tanner,  or  their  bones  for  the  farmer,  the  flesh 
being  actually  thromi  away.  In  some  places,  animals 
which  we  are  accustomed  to  regard  as  valuable,  are 
so  numerous  that  they  are  drowned  by  hundreds, 
merely  to  get  rid  of  them,  neither  their  skins,  bones, 


■ving  as   a  pretext   for  the  wholesale 

en  preserved  in  the  following  manner :  -  - 
s  reduced  bv  boiling  to  one-half,  and 
th  yolk  of  eggs,  in  the  proportion  of 
■xy  m  rpiaits  of  milk.  The  whole  is 
then  iilaced  on'the  lire  for  half  an  hour,  and  skimmed 
frequently  ;  it  is  next  strained  and  heated  in  a  w.rder- 
batb  for  two  hours.  It  is  stated  thi;  i',,  Mii!.  -.vil 
keep  good  for  two  years,  and  if  t'liii;     i  ;  :     ' 

good   butter.     Cream   may  be  pre      ,.  :   i,    i   .i.  i^ 

five  measures  down  to  four;  then,  ai u^  ,,,,,1 

skimming,  it  is  put  into  a  l.ullle.  eiakni  a^^n,  luttd, 
and  kept  in  the  boiling  h'al  "T  a  waler-lialli  for  half 
an  hour.     This,  ii  is  saiJ,  will  krri,  ui,,  yais. 

A  much    liell'T    lie  :i;'i  i  -i     j .'•       !:!'■.,;-   l  ieit 

first  pointed  on'   'Ml;,  i:  ■  i 


milk  were  shown  in  tli 
was  stated,  that  after  1). 


&-e. ;  others  ao  '  ■     '  '■,  '■'  '  '   '  ' 

the  fruits,  \vl  •      ■'  ' ■•  ■•' '■  :'•■■•        '  ■  "'■!   !•    .1         '';  ,| 

M-M,:,,-  -.1  m  th.'case  of  ]aeklrs;  a  few  by  salting, 
i  'i  Loans;  and  others  are  preserved  in  spirits. 
\;  ;  1  ,  method  applies  to  vegetables  and  fruits 
of  ail  lands;  they  need  not,  howwer,  be  parboiled. 
The  dry  and  fresh-gathered  fruits  are  put  into  strong, 
wide-mouthed  glass  bottles,  carefully  corked,  and 
luted  vrith  a  cement  of  lime  and  soft  cheese,  and 
bound  down  with  wire.  The  bottles  arc  then  enclosed 
separately  in  canvass  bags,  and  put  into  a  kettle  of 
water,  wliich  is  gradually  heated  until  it  boils ;  the 
bottles  are  kept  in  this  condition  until  the  fruits  are 
boiled  in  their  own  juice.  The  whole  is  then  left  to 
cool ;  after  which  the  bottles  arc  examined  scpar.ately, 
and  put  away  for  store. 
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FORGE— FOKGING. 


A  melliod  ol  preserving  vegetables  by  drying  and 
pressure,  recently  invented  by  M.  Masson,  was  brought 
into  prominent  notice  at  the  Exliibition  of  1851. 
Cabbage,  sliced  turnips,  apples,  or  whatever  vegetable 
be  selected,  is  dried  in  an  oven  at  a  certain  tempera- 
ture, so  as  to  drive  off  from  7  to  8  per  cent,  of  water : 
the  drying  must  not  be  conducted  too  slowly  nor  too 
rapidly,  but  at  a  medium  rate.  After  the  drying,  the 
vegetables  are  packed  into  a  very  small  compass  by 
the  intense  pressure  of  a  hydraulic  press ;  then 
squared  and  trimmed  with  a  knife,  packed  up  in  tin- 
foil, and  lastly,  stored  in  boxes.  A  few  years  ago, 
wc  examined  some  red  cabbage  preserved  in  this  way, 
which  had  been  exposed  in  the  Exhibition  of  1851  all 
the  time  it  was  open,  and  had  been  slo^yly  absorbing 
moisture,  and  yet  it  appeared  to  be  perfectly  good. 
By  this  method,  from  1 ."  ono  tn  -\^/v'i\  r'''--v.~^.r,( 
J  lb.  each,  can  l)C  sIm;    .1  ;   i  .  ■,  .  ,!..■  \\.   :<]>:, 

ofvcryconsidcrabliMiii:  1  i  .u,  i.iur,  i  w  i  ■■  d  ti  n  lircu 
lying  in  a  warehouse  at  ^Vonlwicli  ever  sinci'  the  year 
1S35,  and  had  undergone  no  change.  It  was  stated 
that  the  method  of  preparing  them  is  cheap  and  c  sy, 
and  that  the  dried  plant  can  be  sent  in  any  quantities 
to  Europe,  at  3a.  per  lb.,  with  a  considerable  profit  to 
the  importer. 

Some  kinds  of  vegetables,  such  as  French  beans, 
artichokes,  olives,  samphire,  and  barberries,  are  pre- 
served by  salt,  a  strong  brine  being  made  by  the 
addition  of  four'pounds  of  salt  to  a  gallon  of  water ; 
the  vegetables  are  put  into  this,  and  quite  covered 
with  it.  In  Holland  and  Germany,  kidney-beans  are 
sliced  by  a  machine  something  like  a  turnip-cutter, 
and  put,  into  a  cask  in  layers  with  salt  between;  a 
weight  is  then  put  ou,  and  pressure  is  kept  up  until 
a  slight  fermentation  takes  place ;  the  salt  liquor  is 
then  poured  off ;  the  cask  is  covered  up,  and  put  into 
the  cellar  as  store.  Before  being  cooked,  the  beans 
are  steeped  in  fresh  water. 

Sauer  Kraut  is  prepared  somewhat  in  the  same 
manner.  The  following  recipe  for  making  it  is  given 
by  Parmentier : — 

The  heads  of  white  winter-cabbages,  after  removing 
the  outer  leaves,  are  to  be  cut  into  fine  slireds,  and 
spread  out  upon  a  cloth  in  the  shade.  A  cask  which 
has  had  vinegar  in  it  is  to  be  selected,  or  if  tliat 
cannot  be  had,  the  inside  should  be  rubbed  over  with 
vinegar,  or  sauer-kraut  liquor.  A  layer  of  salt  is  to 
be  put  in  the  bottom  of  the  cask,  caraway-seeds  are 
to  be  mixed  with  shreds  of  cabbage,  and  they  are  to 
be  packed  in  the  cask  to  the  depth  of  four  or  six 
inches;  and  layers  of  this  kind,  with  salt  between 
each  layer,  arc  added  till  the  cask  is  full,  stamping 
Ihcra  down  with  a  wooden  stamper  as  they  ai-e  put  in, 
to  half  their  oiiginal  bulk;  some  mix  a  little  pepper 
and  salad  oil  with  the  salt.  Some  salt  is  to  be  put 
un  the  top,  and  some  of  the  outside  leaves  of  the 
cabbages.  About  2  lbs.  of  salt  suffice  for  20  middle- 
sized  cabbages.  The  head  of  the  barrel  is  to  bo 
placed  upon  the  cabbage-leaves,  and  must  be  loaded 


pid-!:._ 


with  heavy  stones.  A  common  method  is  for  a  man, 
with  clean  wooden  shoes  on,  to  tread  the  cabbage 
down  in  the  cask.  Fermentation  will  take  place,  and 
some  juice  will  be  given  out,  which  is  green,  muddy, 
and  foetid :  this  rises  to  the  surface,  and  is  to  be 
replaced  with  fresh  brine.  When  the  fermentation 
is  over,  the  casks  are  closed  up.  Cabbages  are  pre- 
ferred, but  any  other  vegetables  may  be  treated  in 

;rc  jiir  '  ;M  J  I  1  \iiiogar,  they  form 

II'  mode  of  prepa- 
ration. ii'.iiLi,  U'  \\Li--,  !.  iL.,  iL'uts,  and  juices, 
boiled  with  sugar  or  syrup,  and  employed  in  pharmacy, 
as  well  as  for  sweetmeats,  are  called  ocnfedioiis 
(Latin,  conficere,  to  make  up).  Liquid confecls  consist 
of  fruits,  either  whole  or  in  pieces,  preserved  by 
immersion  in  fluid  transparent  syrup :  apricots, 
green  citrons,  and  some  foreign  fruits,  are  treated  in 
this  way.  Dry  covfccls  are  prepared  by  boiling  in 
syrup  those  parts  of  vegetables  adapted  to  this  metliod, 
such  as  citron  and  orange-peel,  &c.;  they  are  then 
taken  out  and  di-ied  in  an  oven.  Marmalades,  jams, 
and  pastes  are  soft  compounds  made  of  the  pulp  of 
fruits,  or  other  vegetable  substances,  beaten  up  with 
sugar  or  honey :  oranges,  apricots,  pears,  &c.,  are 
treated  in  this  way.  Jellies  are  the  juices  of  fruits, — 
currants,  gooseberries,  apples,  &c. — boiled  with  sugar 
to  such  a  consistence  as,  on  cooHng,  to  form  a  trem- 
bling jelly.  Conserves  are  dry  confects,  made  by 
beating  up  flowers,  fruits,  &c.  with  sugar  not  dis- 
solved. Candies  are  fruits  candied  over  with  sugar 
after  havuig  been  boiled  in  the  syrup. 

The  best  syrup  for  preserving  fruits  is  made  by 
dissolving  two  parts  of  dnulilc-rilincd  sugar  in  one 
part  of  water,  boilinL'  i  !'•:'■,  -I  uniMi?,  and  filtering 
through  a  cloth,      i  :  I  smooth  syi'up, 

which  docs  not  riaui.i  i. ii  .,   i  rrystaUize. 

The  specimens  of  preseii  c J  food  in  the  Exhibition 
of  1S51  were  exceedingly  numerous:  they  included 
animal  and  vegetable  productions,  fruits,  &c.  One 
interesting  specimen  was  a  canister  containing  boiled 
mutton,  prepared  by  the  exhibitor,  Mr.  Gamble,  for 
the  Arctic  Expedition  in  1821.  A  large  number  of 
these  canisters  were  landed  from  H.  M.  S.  Fiay,  on 
the  beach  where  the  ship  was  wrecked  in  Prince 
Ecgent's  Inlet,  and  were  found  by  Captain  Sir  John 
Ross  in  August,  1 833,  in  a  state  of  perfect  preser- 
vation, although  annually  exposed  to  a  temperature 
of  92"  below,  and  80°  above  zero.  Had  it  not  been 
for  the  large  store  of  provisions  left  by  Parry  near 
the  spot  where  the  Fury  was  wrecked,  Ross's  expe- 
dition must  have  perished.     [See  ArrENDix.] 

FORCE,  see  Mechanics. 

FORGE— FORGING.  Some  of  the  varied  mani- 
pulations of  the  forge,  concerned  m  the  production  of 
small  articles  in  iron  and  steel,  are  described  iir  the 
article  Cutleey.  In  the  present  article  a  few  details 
will  be  given  respecting  the  forging  ot  large  articles : 
but  we  must  also  refer  to  Iron  and  Steel  for  further 
infomiation ;  inasmuch  as  the  process  of  forging  may 
be  said  to  commence  as  soon  as  the  ball  of  iron  is 


rORGE-FORGING— FORMIC  ACID. 


709 


(akeu  out  of  the  puddliiig-funiacc,  aud  receives  its 
first  blow  from  tlie  helve,  iji  the  process  of  converting 
it  iuto  a  bloom. 

In  iidditiou  to  the  ordinary  business  of  a  large  iron- 
v.-ork,  \i-liich  consists  in  the  production  of  bar,  plate, 
and  hoop-iron,  the  hammer-men  arc  also  employed  in 
preparing  masses  of  metid  or  uses,  sevend  of  uhich 
■e  used  or  welded  together  in  the  construction  of  a 
large  work.  For  example,  in  the  forging  of  a  square 
shaft,  as  many  as  from  ten  to  twcuty  square  pieces  of 
i  may  be  bound  together,  aud  put  iuto  a  powcr- 
au.--ruruaoe,  the  ends  of  the  bundle  being 
welded  together  by  a  haniuior  wei-liiii-  livr  luus; 
after  which  the  weld  is  cxU'ii.l-l  iii  v/.m  ih.- 
ength.     The  paddle-shafts  of  lln-  ^     _  .      .;'i 

re  formed  by  successive  addiii'  ;:  i    <  r,i[    f  a 

,iass  of  iron;  for  instance,  a  ^\:<'<    .  ■       I  i  u 

ne  side  near  the  end,  and  b--:':;  t    .        fin, 

drawn  down  to  the  common  li,:'  <        '   \\.i- 

itional  matter  is  thrown  iiiiM  ;   -  i.rr 

)  or  use  is  added  to  \\:r  :mI  ■       i  '  !  ;        .    ;-  ' 

square  shaft,  and  also  .'u  :    ,;  •        i  ,      ■   :        ,     _  :. 


IS  inches;  they  tapered  oft'  to 
ernal  parts,  and  the  bearings  m 
diameter.  The  weight  of  the  tli 
20  tons,  and  then-  value  before 
is  upwards  of  1,000/. 


of  a  variety  of  works  arc  enveloped  in  an  old  piece  of 
sheet-iron,  aud  held  to-tthcr  by  a  ho^p  :  the  mass  is 
raised  to  the  wehliiiL  '.  :ii  m  i  M  i  nr  airfuruaee, 
ud  the  whole  is  cu  ;  ,  ,  '        ,  .'.  .  ,\u  down  uudcr 

the  tut  hammer  ;  <  ,,!..:::   i  vc  as  a  porter, 

gwrldfdrnt.;.   ,!,     '  i    ■   i,l,„v.     [,Sce  GuN.] 
1  hf:ivv  V,    I '  1  ;i  li  cojuplcx  form,  such  as 

anchors,  :  ,.     i  ;■  ,  _     .  i-  i   iiiul  most  convenient.     As 


,   of  s 


twelve  men  caoh,  arc  employed,  who  relieve  each  other 
at  short  inteiTals.  Each  man  is  armed  wilh  a  heavy 
sledge-hammer,  aud  the  liammcrs  are  all  swung  round 
and  made  to  fall  upou  auv  cmc   lailicuhu-  tpot  with 

remarkable  rcgul v    i!mM,:  ,a,  !:■:,,-  diivctcd  by  a 

foreman  with  a  l..i„'  -.  :  ,  ■:.  ,.  I  Square  shanks 
of  anchors  are  aKi   ,  ,  :       :  \    ■■.   .A>-v  a  vertical 


abovf 


In  the  forgi 


of  such  : 


lagcd  with 
a  long  iron 


ind  froi 


and  the  r 
I  the  fire  t 


es  the  work  cudways  niiou  the  auvd, 
mall  changes  of  elevation  are  sometimes  effected 
by  a  screw  adjustment  in  the  suspeutliug  chain.  The 
oircular  form  is  obtained  by  shifting  the  work  round 
upon  its  axis  by  means  of  a  cross  lever  fixed  upon  the 
porter,  aud  moved  by  one  or  two  men,  so  as  to  expose 
each  part  of  the  circumference  to  the  action  of  the 
helve  :  this  is  readily  done,  as  the  crane  tcrmiiuites 
in  a  pulley,  around  which  an  endless  baud  of  chain  is 
placed,  and  the  work  lies  withui  the  chain,  which 
shifts  round  when  the  work  is  turned  upon  the  anvil. 
The  precision  of  the  forgiugs  produced  by  thc^e 
means  is  very  surprising."  ' 

Smaller  works  are  also  forged  in  a  somewhat  similar 
manner.      Several  bars  are  often  piled  together  and 

■■■  I  group  of  bars  of  angular  section,  called 
id  are  wedged  together  in  a  hoop.  Or 
used  ;  that  is,  the  odd  scraps  and  refuse 


the  anvil,  au!  ;  .    •  :i,'  :•       j:  m  iruu 

ram.     This  hammer  i.   >\  ;  /     ;   :  .  '  arhed 

-     .  ■Mill  the  engine,  and  sudd  ;,     -,     ,  nqile 

■,  ,  .\. nice  when  the  hammer 'i      ■'      ■  liei-lit 

u:  liuiii2  to  5  feet.  The  niM  ;  n  i  .  :  i  u|inu 
any  ))oiut  indicated  by  the  l.'i*        i  ,  ,     ,!  Ii.is 

a  horizontal  range  of  about  ^' I  I ;,.  i  ';  i!  riiirul 
position,  aud  is  guided  by  tun  .-.pl  In  j  u  .nus  iiunkcd 
to  the  ram,  and  placed  at  ryhl  angles;  ihesc  gyes 
are  held  by  two  men  who  watch  the  motion  of  the 

Shovels,  spades,  mattocks,  cleavers,  and  other  im- 
plements and  tools  are  partly  forged  under  the  tilt- 
hammer.  We  shall  have  occasion  to  notice  the  subject 
of  iilting  in  the  article  Steel.    [See  Ikon  and  Steel.] 

AVorks  of  largo  size  are  healed  in  air  furnaces,  aa 
already  noticed.  Wlien  they  arc  short  and  couiplex 
in  figm-e,  the  open  fire  or  smith's  hearth  is  used.  The 
largest  kind  of  smith's  hearth  is  a  trough  or  pit  of 
brick-work,  about  C  feet  tipu;-,  rl.  \  e  1  , '>  el  (5 
inches  from  the  ground;  oie  f  :       ih  is 

extended  into  a  vertical  w;ill  1 1  ,.  i'  ■  '  •  liU'v, 
the  lower  cud  of  which  tcniiiiii:  I'lut 

plate-iron  for  colleeiin-   lie'   -    .   .  l        :       .  waU 

of  the  forgeisfill<a  ,  n  .  ,  ■  ■  ,  .  ,i  i.i.ile  or 
back,  in  the  ceutie  ■!     ■,  ,,i  :;    ;  ',    Iv   I'lj^iliug 

nozzle  of  iron,  perluiaud,  ...d  l>...>u.ig  uh.a,  i.  called 
a  tui/ere,  for  admitting  the  blast  which  mgcs  the  fire. 
The  blast  maybe  supplied  from  bellows,  by  a  rc\  olviug 
fan,  or  by  one  of  the  methods  described  in  Bim.lows 

AND    Blu\UM,     A'a.   IIIN!   -.-       V.,'     r..^:    1     ..,     l,.,,.k     is 

made  li-l.      ,     •   ■  ,    .    ■  ,   ;    -■■ii:[ll 

passage  from  the  blowing  apparatus  is  passed  through 
it,  and  thus  a  hot  llusl  is  formed.  The  forge  used  in 
forging  small  works  is  described  uudcr  Cdtlerv. 

FORK,  see  Cdtlekt. 

FORMIC  ACID.  In  our  notice  of  Acetic  Acid 
it  was  shown  that  alcohol,  by  oxidation,  under  the 
influence  of  finely-divided  platinum,  produces  acetic 
acid.     When  wood  spirit  (CHa.O  +  IIO)  is  exposed 


FRENCH  POLISH. 


under  similar  circumstances,  a  peculiar  acid  is  pro- 
duced, by  the  substitution  of  two  equivalents  of  oxy- 
n  for  two  of  hydrogen.     This  acid  is  naiued/u/- 


(C.HO3),  fror 
first  found  iu  tlie 
(CJIOa  +  HO)   i 


e  of  its  having  been 
lies  of  ants.  The  hydratcd  acid 
:i  clear  colourless  liquid,  which 


The  hardest  and  most  durable  polish  is  made  with 
shell-lac  and  spirits  without  any  other  ingredients. 
It  is  usual  to  malce  the  varnish  thicker  than  is  re- 
quired for  use,  and  to  thin  it  down  with  spirit  when 
being  used.  A  tough  polish  is  said  to  be  produced 
from  1Mb.  of  sliell-lac,  4  oz.  of  seed-lac,  4  oz.  of 
sandani'^,  r";!-!  -^  '■'  ff  '.r.-.^fk  lo  the  gallon  of  spirit; 
or  21bs,  .1  '  .        1  1  •./..  of  thus  to  the  gallon. 

Alighl  r.i!,,  I  ly  be  made  with  bleached 


FOUNDING.    See  Casting. 
FOUNTAIN.     See  Artesian  Wel; 
FII.UIING.    See  Cakpentki-— Flo 
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FRANKFORT  BLACK.    See  Cakbon,  p.  31G. 

FRANKINCENSE,  common,  is  tlie  spontaneous 
exudation  of  Allies  communis ;  it  concretes  mto  yellow 
drops  or  tears.  It  is  a  vegetable  hydi-oearbon.  For 
the  genuine  t/ius,  or  frankincense  of  the  ancients,  see 
Olibanum. 

FREESTONE,  a  term  applied  to  such  of  the  sand- 
stones used  for  building  as  v/oik  freelj/  under  the  tools. 
See  Stone,  p.  747. 

FREEZING.     See  Heat. 

FREEZING  POINT.     See  Theejiometer. 

FRENCH  POLISH  consists  of  a  resin  or  a  gum- 
re^iu  dissolved  in  spirit,  and  used  for  polishing  flat 
sml'ifi'*  For  tills  purpose  it  is  made  more  fluid 
I'  ':  !'  !r  !  i  ■  ■  il  lacker,  used  in  poHshing  turned 
>  .   '  .  '  :  I  hat  it  may  spread  easily  and  dry 

I'  I  p.ii\  .  hrriu-e  the  friction  being  derived  en- 
tirely liom  the  motion  of  the  hand,  more  time  is 
required  than  in  polishing  turned  works. 

The  recipes  for  making  French  polish  are  innu- 
merable. Indeed,  it  is  seldom  prepared  in  the  same 
manner  by  two  different  makers.  Some  prefer  it 
very  thin,  others  tolerably  thick ;  some,  of  one 
colour ;  some,  of  another ;  while  others  make  it  co- 
lourless or  nearly  so.  The  simplest  method  is  to 
dissolve  lilb.  of  sheU-lac  in  I  gallon  of  spirits  of 
wine  without  heat.  Copal,  sandarao,  mastic,  and 
gum  arabio  are  sometimes  used  in  various  proportions, 
according  to  the  fancy  of  the  preparer.  Some  re- 
commend 12  ounces  of  shell-lac,  6  ounces  of  gum 
arable,  and  3  ounces  of  copal,  to  I  gallon  of  spirits 
of  wine.  A  dark-coloured  polish  is  prepared  with 
lib.  of  :'r!l  Lm',  ;.  ;:>  .,1  iMiizom,  and  1  gallon  of 
spirits;    'r    '  ,1    ounces   of  guaiacum, 

and  I  gall;,'       ,  1 1   i^:ou's  blood  may  also  be 

used  to  t;iVL  il:ij  ii  j.iiicJ  liiit. 


open  mouth  of  the  bottle,  which  is  tlien  turned  up, 
and  the  varnish  thus  collected  is  covered  with  a 
second  rag,  and  moistened  with  one  or  two  drops  of 
linseed  oil:  the  varnish  gradually  exudes  according 
to  the  degree  of  pressure  given  to  the  b.iU,  which  is 
thrown  away  after  being  used  4  or  5  minutes,  as  it 
hardens  from  the  accumulation  of  the  varnish,  and 
then  scratches  instead  of  polishing  the  work.  This 
wasteful  method  is  often  superseded  by  the  use  of 
sponge,  applied  iu  the  same  manner  as  the  wadding ; 
this  forms  a  durable  rubber,  but  requires  to  be 
softened  every  time  it  is  used.  Small  cloth  or  list 
rubbers  are  also  used  for  layuig  on  the  first  coat: 
the  list  should  be  torn  oft'  the  cloth,  which  gives  a 
softer  edge  than  if  cut ;  then  wound  up  spirally  to 
the  diameter  of  3  to  4  inches,  and  tied  round  tightly 
with  string:  these  rubbers  are  covered  with  a  cloth 
so  as  to  be  easily  renewed ;  or  the  lower  face  of  the 
rubber  itself  may  be  saturated  with  lacker,  so  as  to 
soften  that  which  may  remain  in  the  rubber  from 
previous  use,  and  the  excess  is  squeezed  out  before 
commencing  the  polishing. 

Jlr.  Holtzapflel  remarks,'  that  the  choice  of  rubber 
is  not  very  material,  provided  it  be  moderately  soft 
and  contain  a  suflicient  quantity  of  polish  to  allow 
of  its  being  gradually  supplied  to  the  work  as  the 
polishing  progresses ;  but  the  rubber  must  always  be 
kept  covered  with  a  piece  of  soft  rag  moistened  with 
oil,  and  renewed  when  il  beoouics  so  far  el.-gged  as  to 
prevent  the  polish  [la  '  ._:  iV  ■ ' .  i ',!  ■  1  j'l  !■  l";rriri'  the 
polishing,  the  woi k  .:i,    I        litiue 

glass-paper,  and  tin     ■  ;         ■  n^-is 


Jmg 


n  equal 


which  is  regulated  1j3  1  lie  lK-i.x  ul  pn„uiiL  nu  the 
rubber,  and  also  by  squcezuig  it  between  the  lingers. 
The  rubber  must  never  be  allowed  to  remain  sta- 
tionary on  the  work,  or  be  lifted  directly  from  it ; 
when  removed  it  should  be  slid  off  at  the  sides  or 
ends  of  the  work,  or  lifted  off  with  a  swcepmg  stroke 
so  as  to  break  contact  gradually.  The  polishing  is 
continued  until  the  grain  of  the  wood  appears  to  be 
thoroughly  filled  up,  and  the  surface  exhibits  a  uniform 
appearance.    It  is  then  allowed  to  stand  for  an  horn- 
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or  two  to  liarclen ;  after  ^vliicli  it  is  suioullied  duwu 
with  TPry  fine  glass-paper.  The  polishing  is  then 
repeated ;  aud,  if  necessary,  again  smoothed,  and  the 
polishing  continued  until  the  whole  surface  presents 
a  smooth,  uniform  and  tolerably  bright  appearance. 
Cloudy  mails  j  ;  .1  ,:■<  .1  1..  i'.   .':i  ^.f^ll,,   umb,  ,■  uill, 

rubber,  'cox.    ::.„-,,,,,■  ,'    ]        '.i:,| 

touched   with    :i     few    :i_,.:,;     nf      .i',!!'-.    i-l'    ■■ii:i-        wiih 

applied  first  with  a  circular  motion,  and  when  the  I 
surface   is   nearly   dry,    straight    strokes   arc   taken 
lengthways  of  tlio  grain  of  the  wood,  aud  traversed 
entirely  oil'  the  ends  of  the  work:  when  the  rubber 
and  the  work  are  quite  dry,  the  polishii: 
completed  for  that  time.     In  the  cunvtc  ot  a  few 
days,  the  polish  having  been  p;\;ily   :!     >,'»  >I  ],\    i!ie 
wood,  the  surface  should  be  :i_  i  i      iili 

very  fine  or  nearly  worn-out   u  i  .1    /;ir 

polisliiu-  repented.     The  final  l......   M'  i".;.-',   ;::M.t 

l.r  :,.  i::;.  ,,.  p.--il,le,  or  the  vaiui.h  will  not  be 
Si  See  Vaunisues. 

1  I:  i  ^1  '  i  r  ,  I  \  ilXG.  An  ancient  aud  still  cs- 
t;  ri,u  A  i,iih;.:  .,1  ,i,  eoratiiig buildings  with  paintings  of 
a  perniiuieut  kind,  e.^eeutcd  on  ihe  fresco,  ov  fresh  plas- 
ter of  the  wall.  The  nature  of  the  work  requires  great 
rapiility  and  .skill  in  the  painter;  aU  that  is  begun  in 
tlir  i:,.'.i,iii,  niii  l.r  eomplcted  in  the  evening  while 
;  J I     I  • .   ' ,    as  any  subsequent  retouching 

il  I  I  I  ,  nf  the  work.  The  general  prac- 
li'  I  I  if  I  ni^  I  '  i  I  .lis  to  the  following  particulars  -. — 
1,  the  cartoon;  2,  the  preparation  of  the  \v:ill  ;  :;,  li:,' 
painting;  4,  the  colours  and  implements  usi  li  , 
the  artist  is  unable,  -without  injury  to  lli.  _ 
effect,  to  retouch  a  fresco  paiutiiii-,  it  i  ::  ■  :i  -i. 
important  that  he  should  prepare  t)  '      '       !  i  ,  I 

coloured  sketch  of  the  subject  i,.        .  -   :..<:,■- 

sent,  and  also  a  full-sized  chalk  ilia;,  i-  -!  ;  <  . 

For  this  latter  purpose  he  prepares  a  c  i  ,  :  1  , 
straining  strong  cloth  on  a  frame,  and  tin  ;, 
Layers  of  paper  to  the  surface,  which  niu-;  i 
smooth  and  even,  and  finally  prepared  to  mn..  ri 
drawing  by  a  preparation  of  size  and  alum.  The 
drawing  is  made  with  charcoal,  and  when  finished 
and  fixed,  an  outline  is  traced  from  it  on  oiled  paper. 
This  is  the  working  outline,  a  portion  of  which,  cor- 
responding with  the  quantity  of  fresco  painting  which 
can  be  executed  at  one  time,  is  nailed  to  the  wet  W'all, 
where  the  forms  on  the  oiled  paper  are  gone  over  with 
a  sharp  pomt  so  as  to  make  a  distinct  indentation  on 
the  soft  plaster  beneath.  Another  way  of  producing 
the  outline  on  the  wall  is,  to  place  the  tracing  paper 
first,  at  the  back  of  the  cartoon,  and  prick  tlie  figures 
through,  then  to  lay  the  pricked  ]iaper  on  the  wall, 
and  dust  a  black  or  red  powder  on  it  from  a  nuislin 
bag.  This  produces  a  dotted  outline  on  the  plaster, 
and  leaves  the  surface  without  indentation ;  but  it 
injures  the  cartoon,  and  also  gives  less  decided  lines 
to  work  by.  That  both  these  methods  were  practised 
by  the  most  celebrated  painters,  is  evident  from  the 
pricked  outline  being  visible  in  some  of  the  works  of 
Caracci  and  B.aphael,  and  by  the  indented  outlii 


produced  by  tracing  being  likewise  seen  in  some  of 
the  best  Italian  frescoes. 

The  preparation  of  the  wall  for  fresco-painting  is 
a  matter  of  great  importance.  The  chief  thing  to  be 
dreaded  is  damp ;  therefore  all  old  niovtar  is  removed, 
and  the  solid  wall  laid  bare,  in.  |,:i!  i  ,  ,  Im  ..  .  ,  u  roal 
of  approved  materials.  Thi  '' •  lust 
jdace,  of  Hme  and  river  sand,  l..  .  ,  .  ,  .  .  I  1.  ft 
to  become  perfectly  dry  and  In:  i  ■    i'.       .iher 

Ju!JhX:i,       1  :      ,  .:,:!.,!       ■:    ,:...l'at 

burnt  Kmeatone,  which  is  slaked,  and  then  stirred 
1  continually  till  it  is  reduced  to  an  impalpable  consist- 
ence. The  surface  having  settled  to  a  level,  clean 
river-sand  is  spread  over  it  to  the  depth  of  a  foot  or 
;  more,  so  as  to  exclude  the  air,  and,  lastly,  the  whole 
is  covered  with  earth.  Thus  it  remains  for  two  or 
three  years,  before  it  is  used  either  fur  painting  (lime 

■  beiug"lhe  white  piK "  -i  l.  ■  .-a;  m- walls. 

Thefinalprepau.i;        .;  ,.     a.si, is  iu  wetting 

it  till  the  first  rough  .     ,: :..,  lui.re  water, 

then  laying  on  a  tluu  c.ii  uf  i.i.isiei,  and  when  this 
begins  to  set,  adding  a  finer  euat,  containing  more 
lime  and  less  sand.  This  is  done  aud  the  work 
smoothed  with  a  wooden  trowel;  but  only  so  much 
space  is  finished  in  this  way,  at  one  time,  as  can  be 
painted  on  before  it  gets  dry. 

The  wall   thus   prepared,  the   outline  has   to  be 


ed  f 


goes  on  too  rapidly,  the  surface  of  the  plaster 
sprinkled  from  time  to  time  with  water.   The 


plaster.  AVlien  the  artist  concludes  his  w..rk  for  the 
day,  he  cuts  away  any  portion  of  the  prepared  plaster 
wdiich  ho  has  not  used,  taking  care  that  the  division 
is  made  in  the  folds  of  drapery,  or  in  some  other  part 
of  the  painting  where  it  will  be  unobserved :  on  com- 
mencing the  next  day's  work  he  takes  care  to  wet  the 
edges  of  the  finished  part,  and  make  them  amalgamate 
as  nicely  as  possible  with  the  new  plaster.  The  cb-y- 
ing  of  the  plaster  is  sometimes  arrested  by  foreign 
artists  by  keeping  wet  linen  stretched  over  the  sur- 
face of  the  picture,  and  pressed  to  it  by  a  cushion  of 
waxed  cloth:  this  enables  them  to  finish  in  the 
morning  what  they  were  unable  to  complete  over- 
night. Defects  ui  a  painting  are  sometimes  remedied 
by  cutting  out  a  portion  of  old  plaster,  and  painting 
that  portion  over  again  on  new  plaster.  There  are 
also  various  devices  for  heightening  the  eS'ect  of 
finished  frescoes,  but  these  are  all  objectionable,  as 
impairing  the  durability  of  the  work. 

The  colours  used  in  this  art  consist   chiefly  of 


earths  and  a  few  metallic  oxides  variously  prepared. 
Animal  or  vegetable  substances  cannot  be  employed, 
because  the  lime  would  destroy  them.  Brushes  of 
hogs'  hair,  and  smaller  pencils  of  otters'  hau-,  are 
found  to  resist  the  action  of  the  lime.  Distilled 
water  should  be  employed  in  all  the  operations  con- 
nected -n-ith  fresco-painting. 

A  new  mode  of  fresco-painting,  the  invention  of 
which  is  ascribed  to  a  well-known  German  chemist, 
Obergrath  vouFuehs,  consists  in  the  use  of  a  solution 
of  silex,  instead  of  lime,  and  m  the  employment  of  a 
chemically  prepared  ground,  which  becomes  exceed- 
ingly hard,  and  can  be  worked  on  repeatedly  ^^ithout 
detrunent  to  the  general  effect. 

Many  valuable  ancient  paintings  in  fresco  have 
been  saved  from  destruction  by  ingenious  modes  of 
transferring  them  from  badly  constructed  walls  to 
canvas.  An  attempt  of  tliis  kind  was  made  at  Brescia, 
in  1829,  by  Mr.  Ludwig  Gruuer,  and  met  witli  perfect 
success.  The  frescoes  existed  on  the  old  walls  of  the 
convent  of  St.  Eufemia.  These  were  first  thoroughly 
cleaned :  a  strong  glue  was  then  passed  over  the  sur- 
face, to  which  a  sheet  of  fine  calico  was  affixed  :  other 
layers  of  glue  and  of  calico  were  then  added,  and  the 
whole  so  amalgamated  by  heat  as  to  become  of  one 
substance  with  the  plaster  of  the  wall.  The  whole 
was  then  torn  away,  leaving  the  wall  v>  hite,  and  the 
fresco  adhering  to  the  glue.  To  detach  it,  a  still 
stronger  glue,  and  one  that  resisted  moisture,  was 
applied  to  the  back,  and  secured  to  the  canvas.  The 
subsequent  application  of  tepid  water  gradually  caused 
the  calico  and  glue  to  loosen  their  hold,  and  leave 
the  fresco  in  its  new  position. 

Much  interesting  information  on  the  subject  of 
fresco  painting  may  be  gathered  from  the  Appendices 
to  the  Reports  of  the  Commissioners  on  the  Fine  Arts, 
1842,  18-13.    [See  Appendix.] 

FRICTION  is  the  resistance  which  opposes  itself, 
in'  a  greater  or  less  degree,  under  all  circumstances, 
to  the  motion  of  a  body  when  in  contact  with  another 
body.  This  resistance  occurs,  though  to  a  less 
extent,  when  the  surfaces  are  as  well  smoothed  and 
polished  as  possible ;  and  as  it  is  not  necessarily 
attended  (at  all  events  percepjibly)  with  any  abrasion 
of  those  surfaces,  it  may  probably  have  its  origin  in 
some  modification  of  molecular  adhesion. 

The  effects  of  this  action  have  been  studied  under 
two  conditions.  The  friction  of  quiescence  is  that 
which  forms  the  resistance  to  the  first  motion  of  a  body 
previously  at  rest  on  a  surface.  The  friction  of  motion 
presents  ilself  after  movement  has  commenced,  and  acts 
continually  to  retard  or  check  that  movement. 

The  results  of  numerous  experiments  have  esta- 
blished the  following  general  laws  of  friction  : — 

1 .  That  when  no  unguent  or  lubricating  substance  is 
interposed  between  the  nibbing  surfaces,  the  amount 
of  friction,  or  the  ratio  of  the  resistance  to  sliding 
motion  to  that  of  the  insistent  pressure,  is  independent 
of  the  extent  of  the  sui-faces  in  contact  and  of  the 
velocity  of  motion,  and  that  it  is  determined  solely  by 
the  natm-e  and  muteiial  of  those  surfaces  and  the 
force  with  which  they  arc  pressed  togeil.or. 


2.  That  when  unguents  or  lubiicatiug  substance, 
are  used,  the  friction  depends  on  the  nature  of  the 
unguent,  on  its  greater  or  less  abundance,  and  on  the 
proportion  of  insistent  pressure  to  the  extent  of  bear- 
ing sm-face. 

These  laws  apply  to  both  conditions  of  friction,  but 
with  nioie  accuracy  to  the  friction  of  motion  than  to 
tlie  friction  of  quiescence. 

The  ratio  which  the  resistance  to  sliding  motion 
bears  to  the  force  pressing  the  surfaces  together  is 
called  the  coefficient  of  friction.  Its  value  has  been 
determined  experimentally  for  almost  all  materials 
likely  to  be  used  as  rubbing  surfaces  in  practical 
works,  and  for  all  pressures  varying  between  the 
lightest  and  that  which  produces  abrasion  of  the 
substances  in  contact.  The  coefficient  of  the  friction 
of  quiescence  is  generally  greater  than  tliat  of  the 
'.on  of  motion,  but  as  the  smallest  jar  or  shock  is 
sufficient,  dui-ing  the  application  of  a  force  tending  to 
produce  motion,  to  change  the  condition  of  rest  to 
that  of  movement,  the  latter  state  may  be  assumed 
to  exist  in  all  cases  of  machinery.  The  condition  of 
quiescence  may  be  considered  as  occurring  in  statical 
problems  of  the  stability  of  structures. 

With  respect  to  the  materials  forming  rubbing 
surfaces,  it  has  been  found  that  the  softer  substances 
produce  more  proportionate  friction  than  the  hardei', 
and,  of  coui-se,  in  those  the  limits  of  abrasion  are 
sooner  reached  than  in  the  latter. 

When  unguents  are  used,  the  surfaces  may  be 
merely  greasy,  or,  from  the  thickness  of  the  lubri- 
cating matter,  and  the  small  insistent  pressure,  a 
complete  film  of  tliis  matter  may  be  interposed  between 
the  rubbing  parts.  In  the  former  instance,  the 
resistance  varies  as  little  as  possible  from  that  due  to 
the  dry  surfaces.  In  the  latter,  the  surfaces  in 
contact  are  practically  not  those  of  the  hard  mate- 
rials, but  two  surfaces  of  hard  material  with  one 
of  the  interposed  grease.  Hence,  under  these  cir- 
cumstances, the  friction  is  found  to  depend  more  on 
the  kind  of  unguent  than  on  the  nature  of  the 
bearing.  Thus,  surfaces  of  wood  on  wood,  wood  on 
metal,  metal  on  wood,  and  metal  on  metal,  when 
abundantly  svipplied  witli  grease,  have  nearly  all  the 
same  coefficient  of  friclion,  which  varies  between  007 
and  COS,  when  hog's  1  rd  or  oil  is  used,  and  rises  to 
O'lO  with  tallow.  With  axle  bearings  of  the  usual 
materials,  and  greased  in  the  usual  way,  the  coefficient 
varies  from  010  to  019  of  the  insistent  pressure. 

Much  depends  on  the  adaptation  of  unguents  to 
the  circumstances  under  which  they  are  to  be  used. 
The  softer  greases,  as  oil,  hog's  lard,  &c.  diminish  the 
resistance  under  small  pressures  more  than  tmder 
high  pressures.  The  harder  greases,  as  tallow,  soft 
soap,  and  mixtures  of  grease  and  plumbago,  produce 
less  efi'ect  with  small  pressures  than  with  large  ones. 
The  cause  of  this  evidently  exists  in  the  different 
facilities  with  which  the  unguents  can  fonn  a  perfect 
separating  film  between  the  surfaces  of  contact,  or 
are  by  an  increase  of  pressure  squeezed  out  so  as  to 
leave  those  surfaces  in  effect  merely  greasy.  With 
each  kind  of  lubricating  matter  there  must  evidently 


exist  a  certain  pressure  per  square  iuch  of  bearing 
surface,  at  whicli  the  uugueut  forms  a  perfect  lilm 
between  the  rubbing  parts.  This  is  the  state  pro- 
ducing tlie  minimum  of  resistance.  An  increase  of 
pressure,  by  squeezing  out  this  unguent,  increases 
the  coeflioient  of  friction;  and  a  diminution  of  pressure, 
by  allowing  the  viscosity  of  the  unguent  itself  to 
afl'ect  the  result,  may  also  add  to  the  proportion  of 
resistance. 

The  resistance  produ-i -I  li\  ilu'  n  .■,,  1^  ,,,  ,1  ! 
hesiveness  of  the  un-u-  ,'        .  :i    ,  11,:; 

small  magnitude  to  In:   ■.'  :  ;  .       1 

large  machinery,  but  iu  w.iicli  .uiJ  UuLk  ii.LLL.u;:,  ::■ 
this  resistance  becomes  of  cunsiUerable  importance. 

Professor  Moseley,  of  Cambridge,  first  made  known 
a  method  of  computing  the  effect  of  friction,  which 
is  of  great  practical  importance.     It  may  be  briefly 


illustrated  thus 

If  a  body,  M,  rig.  lOOS,  be  pressed 
_.        upon     a    surface    AU    by 

/ 

/  . 

/            any  vertical  force   P,  tins 

/              force   may  be  represented 

in  direction  and  in  amount 

by   the   vortical   line   Mr, 

A.      H 

due  to  t 

lis  pre 
ntop 

sure,  and  which  i    .:<   -          ;  .  1:. 
on  the  nature  of  iIk      -i  ■  ■     ■;'  -   1- 

tact,  may  be  conceived  to  act 
A  B  in  a  direction  opposite  to  that  ui  :.  1  r.  I  ■  ,  ■  >  :  1  -  v-,' 
to  slide  M  along  ab.  Let  this  friction  Iju  repn  huIciI 
in  direction  and  amount  by  the  line  mr,  which  lias 
the  same  proportion  in  length  to  Jt  v  that  the  resist- 
ance of  friction  has  to  the  pressure  f.  Complete  the 
parallelogram  M  P  F  it,  which  has  these  two  lines  for 
its  adjacent  sides,  and  draw  its  diagonal  f  m.  Now 
the  angle  which  FM  makes  with  MP  is  determined 
by  the  proportion  of  si  R  to  M  P  ;  that  is,  this  angle  is 
dependent  on  the  friction  between  m  and  ab.  In 
fact  it  is  that  angle  the  tangent  of  which  is  the  co- 
efficient of  friction  for  these  two  surfaces.  This  aiii^ie 
FMPiscalledbyProfr--^  1  M.  ■  rv  il„  ,,  ;•,  ,,,  ,■  > 
vf  reshtance,  and  its  |iii  ,  !       .'  '  . 

pressure  be  applied  tu  >!,  I i.)  ^  .  i.i>  ,  i  .  >.  >  :  :  n  ,, 
it  may  be,  wUl  not  cause  li  Uj  sli|i,  unl.  ss  il  i....ki 
with  the  perpendieuliir  a  greater  angle  than  11m> 
lii'iitiiig  angle  of  resistance;  and  if  it  does  thus  makr 
a  greater  angle  than  fmp,  it  will  huwcvcr  small  it 
may  be,  cause  II  to  slip  on  A  B.  'Hi-  iii::;.;!.]-  1  >  t 
the  highest  value  in  mechanical  1  :  1  :  <  .  1  _ 
questions  of  the  stability  of  stp; 
useful  effect  of  machines  to  be  suh  I  i  .■.  ■  i  ,,ij,  u:! 
accuracy.  If  the  line  f  m  revolve  about  m  r,  it  will 
describe  an  imaginary  conical  surface.  This  is  the 
cone  of  resistance.  Any  pressure  the  direction  of  which 
lies  within  this  cone  will  be  resisted  by  m  up  to  the 
point  of  crushing,  and  if  its  direction  lie  without  this 
cone,  it  will  not  be  resisted  by  Ji,  but  this  body  will 
blide  on  A  B.     [See  Bridge,  Sec.  II.] 

A  table  of  the  limiting  angles  of  resistance  accom- 
panies  many  tables  of  the   coefficients  of  friction. 
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When  not  so  given  they  may  be  found  from  any  table 
of  natural  tangents,  by  seeking  that  angle  whose 
tangent  is  cqu.^d  to  the  coefficient  of  friction  of  the 
bodies  iu  question. 

From  the  brief  illustration  given  above  it  is  evident 
that  when  a  single  force,  or  tlir  n-  i;!'--,*  -f  any 
number  of  forces,  acting  on  aiiN  1  -mid 

e.\aetly  at  the  limiting  angle  ul  ■      !■  :    1   iml 


.rd 


n  this 


.u  for  the 
relating  to 


a  state  of  rest,  and  allowm_ 

effects  of  friction.     Hence,  iu  all  probleii 

the  balance  of  forces  in  equilibrium,  we  know  that 

the  resultant,  or  joint  effect  of  those  forces,  must  be 

inclined  to  the  surface  on  which  motion  is  on  the 

point  of  taking  place,  exactly  at  the  limiting  angle  of 


As  an  illustration  of  this  a|i]  1 
a  lever  ab,  turning  on  an  a\i 
diameter,  and  distant  12  iiitln 
of  the  bar  and  S  inches  from  tl 
in  equilibrium  by  two  forces,  1 
on  the  point  of  preponderatin 


■"■■  p.     n,|,„  P 


It  is  required  to  determine  the  relation  between  these 
two  forces  iu  this  state,  taking  friction  into  consi- 
deration. Now,  since  the  axis  is  on  the  point  of 
turning  on  its  bearmgs,  it  is  evident  that  the  result- 
ant of  these  two  forces  cannot  pass  through  the 
centre  of  this  axis,  or  it  would  produce  no  tendency 
to  motion ;  but  it  must  pass  through  such  a  point  in 
the  axis,  that  its  direction,  when  jmilniiuid,  may 
Mi'kr  wiih  the  plane  of  junci ion  lirpA.r,,  ii„   ,,\;-.  and 

'  t  corresponding  to  tlif  ma!'  1:   ,    1  :   ■         1  lluse 


•v  the 


ihr  circuiiitureuee  of  the  axis  in  a  point  .s  on  the  side 
of  P.  Through  s  draw  a  veitical  R  s  ;  then  the  angle 
Kso  equals  the  limiting  angle  of  resistance.  Then 
the  point  b,  where  the  Hue  s  r  cuts  the  axial  line  of 
the  lever,  is  the  point  through  which  the  resultant 
acts,  and  therefore  from  which  the  moments  of  these 
forces  are  to  be  measured.  Now  we  see  that  if 
instead  of  the  two  forces  P  and  w,  a  single  force 
were  acting  parallel  to  the  dureetions  of  p  and  v,  that 


IS,  vertically  duwuwards,  ou  the  poiut  n  in  the  axis, 
this  foi-ce  would  press  the  axis  downward  on  the 
poiut  of  its  bearing  s,  in  a  directiou  e  s  inclined  to 
the  surface  of  junctiiju  at  s,  at  an  angle  rso,  equal 
to  the  limiting  angle  of  resistance.  This  single  force 
would  therefore  be  on  the  point  of  moving  the  lever 
downward  on  the  side  of  p,  that  is,  it  would  be  ou  the 
poiiit  of  producing  the  same  action  as  p  and  w.  This 
single  force,  which  could  be  substituted  for  any  num- 
ber of  forces,  aud  produce  singly  by  itself  the  same 
cli'ect  which  those  forces  were  capable  of  producing 
altogether,  is  termed  the  resultant  of  those  forces.  If 
the  forces  p,  w,  instead  of  being  parallel  in  direction, 
liad  been  inclined  to  one  another,  an  analogous,  but 
more  complicated  process  must  have  been  adopted  to 
ascertain  that  point  of  the  cii-cumferenee  of  the  axis 
on  uliicli  the  whole  resultant  pressure  might  be  eou- 
II  i\r  1  tu  ill  I  When  found,  we  know  that  at  this 
!  I     I       '    111  of  this  resultant  makes  with  the 

I  ;  J  an  angle  equal  to  the  limiting  angle 

ui  iL :.;Lii,Lj.  liiio  thls  problenv,  however,  it  is  not 
ULCCbSiuy  to  enter,  as  our  only  object  is  to  explain  the 
general  application  of  the  principle  made  known  by 
Prof.  Moseley,  and  to  deduce  at  the  same  time  the 
actual  etTect  of  friction  in  modifying  the  conditions  of 
eqiulibrium. 

Had  this  question  been  solved  as  a  pure  question, 
neglecting  the  effect  of  friction,  the  moments  of  p  aud 
w  would  have  been  measured  from  the  centre  o ;  and 
these  forces,  when  in  the  state  of  equilibrium,  would 
have  bad  magnitudes  inversely  as  the  distances  from 
o  of  their  points  of  appKoation;  that  is,  p  would 
have  been  8  and  w  12.  But  when  friction  is  taken 
into  account,  the  moments  are  measui-ed  from  a  point 
nearer  to  the  preponderating  force  than  the  centre  of 
motiou.  By  actual  coustrnction  the  point  k  would 
be  found  to  be  0-75  inch  nearer  to  p  than  the  centre 
o.  That  is,  the  distance  p  r  is  075  inch  less,  and 
w R  is  OZa  inch  more,  than  the  corresponding  dis- 
tances of  V  aud  w  from  o.  Therefore  these  forces, 
which  are  in  magnitude  inversely  as  their  distances 
from  the  point  of  application  of  their  resultant,  are 
found  to  be  p  =  S-75  aud  w  =  11-25.  But  these  forces 
are  still  only  iu  equilibrium,  though  p  is  0'75  more 
and  w  is  075  less  than  they  were  computed  to  be 
when  the  effect  of  friction  was  neglected. 

i'rom  this  wo  see  that  the  effect  of  friction  is  to 
increase  the  amount  of  force  necessary  to  be  applied 
to  produce  any  mechanical  effect ;  or,  which  is  the 
same  thing,  to  diminish  the  useful  effect  w  capable 
of  being  yielded  by  any  applied  force  p.  Had  w  been 
on  the  point  of  preponderating,  the  angle  o  s  R  would 
have  been  drawn  ou  the  other  side  of  o  s,  aud  then 
w^e  shodd  have  had  the  force  w  necessary  to  over- 
come p,  increased  by  the  amount  due  to  the  friction 
also  to  be  overcome. 

This  effect  of  friction  is  quite  general.  The  resist- 
ance due  to  this  action  may  in  all  cases  be  regarded  as 
so  much  additional  power  necessary  to  be  expended 
to  produce  a  given  effect,  or  as  so  much  less  effect 
produced  by  the  action  of  a  given  amount  of  power. 

So  far  the  statical  effects  of  friction.    Li  dynamical 


problems  we  have  to  remember  that  friction  pro- 
duces a  constant  retarding  force,  which,  ui  order  to 
the  conturuance  of  any  motion,  must  be  overcome 
tlirough  a  space  proportionate  to  the  extent  of  such 
motion,  by  tlie  expenditure  of  a  corresponding  addi- 
tional quantity  of  working  power.  Now  the  amount 
of  work  necessary  to  be  expended  to  overcome 
this  resistance,  is  measured  by  the  product  of  the 
actual  magnitude  of  the  resistance  multiplied  by 
the  space  through  which  it  is  overcome.  It  may  be 
diminished,  thcrrli I  .  ii'm  iv  Ii^m  ning  the  actual 
magnitude  of  tbr  .  |.  >  v.  or  by  diminish- 

ing the  distance  I  In  im-ii  v.ii.ili  ,1  I,, I,  to  be  overcome. 
To  accomplish  the  liisi,  the  paris  sliunld  be  made  as 
light  as  possible  consistent  with  strength,  so  as  to 
diminish  the  weights  on  the  bearing  surfaces ;  and  in 
cases  where  it  is  practicable,  the  driving  power 
should  be  ajiplied  on  the  same  side  of  the  centre  of 
motion  as  the  resistance  to  be  overcome.  Tliis  im- 
portant principle,  also  made  known  by  Prof.  Moseley, 
will  be  rendered  clear  by  applying  tlic  conditions  o. 
the  problem  iu  Pig.  1009  to  the  case  of  a  lever  of 
the  second  order,  instead  of  (as  iu  the  Pigui-e)  to 
a  lever  of  the  first  order.  The  secoud  means  of 
diminishing  the  loss  of  work  due  to  friction,  by 
diminisliing  the  space  travelled  over,  leads  to  the  axes 
or  pivots  of  wheels  and  levers  being  made  as  small 
as  possible:  not  to  lessen  thereby  the  amount  of 
resistance,  but  to  lessen  the  space  through  which  the 
rubbing  sm-face  of  the  axis  turns,  and  through  which 
the  resistance  has  therefore  to  be  overcome.  In  both 
oases  the  judicious  application  of  unguents  is  ob- 
viously an  important  element  in  the  question. 

In  some  eases  the  loss  by  friction  is  lessened  by 
causing  the  bearing  parts  to  rest,  not  on  fixed  sur- 
faces, but  on  the  circumferences  of  wheels  or  rollers 
free  to  turn  on  their  axes.  There  is  then  no  rubbing 
between  the  first  bearing  and  the  friction  wheel  or 
roller,  the  first  simply  rolling  upon  the  second  and 
turning  it  round  with  itself.  'J  lie  rubbiug  is  confined 
to  the  pivots  of  these  fiictiou-wheels,  and  the  spaces 
through  which  they  move  are  obviously  less  than  the 
spaces  moved  through  by  the  original  axis,  in  the 
same  proportion  that  the  circumference  of  tlie  pivot 
of  the  friction-wheel  is  less  than  the  circumference 
of  the  wheel  itself.  This  method  is  a|)pliod  in  the 
apparatus  well  known  as  Atwood's  Machine.  It  has 
also  been  applied  to  carriage  axles,  to  railway  wheels, 
to  the  pivots  of  large  capstans,  &c. 

In  large  metal  structures,  as  bridges,  the  expansion 
and  contraction  of  the  material  must  be  allowed  for 
by  giving  freedom  of  motion  to  the  ends  of  the  struc- 
ture. But  were  this  motion  only  allowed  to  lake 
place  by  the  sliding  of  the  cuds  of  the  stmcturc  on 
the  surfaces  of  its  piers  or  supports,  the  enormous 
friction  produced  by  such  vast  weights  insistent  ou 
such  rough  surfaces,  woidd  practically  render  the 
ends  almost  rigid,  aud  the  force  produced  by  clianges 
of  temperature  would  be  exerted  to  crush  or  tear 
asunder  the  structure  itself.  To  avoid  this,  it  is  usual 
to  cause  the  ends  to  rest  on  balls  or  rollers,  free  to 
turn  under  the  structure,  thus  substituting  an  entirely 


rolling  contact  for  one  of  rubbing   surfaces.     [S 
Bridge,  Sirs.  V.,  XL]  '  1 

FRIT.     See  Glass -Exahel. 

FUEL.  The  cliemical  combination  of  two  sub- 
stances whereby  heat  and  light  arc  produced,  cousti- 
tutes  the  process  of  eoiubuslio'.i  in  its  extended  sense. 
[See  Combustion.]  The  most  connnon,  as  well  as 
most  auci'cnt  example  of  combustion,  is  where  the 
oxygen  of  the  atmosphere  is  made  to  combine  with 
some  substance  easily  procurable,  .such  as  wood,  turf, 
pit-coal,  &c.  Such  substances  arc  known  by  the 
name  o(  fuel,  from  the  French /.,^  fire,  which  "is  de- 
rived from  the  Latin /)««,  a  hearth  or  Invplaci;.' 

Tlie  process  of  combustion  is  cinplnved  cilli.i-  as 
a  source  of  /ma  or  of  !!(/h/.  TU-  jiatuiv  uf  tlic  pro- 
cess and  of  the  substances  em|iluyu(l,  tuu'cthrr  w  iih 
the  practical  arrangements  f.ir  ran;,  ii;-  ii  mi,  renjrr 
•  it  impossible,  or  at  least  IP  I  .1.  :  .li  .  ■  ■  ittaiubotli 
objects  at  the  same  tiui;  .   :,    .  .Inrtiou  of 

heat  and  of  liglit  form  di-i-  ,  i  ,,;  ,  .  „  ..i  nulusfry. 
[See  Candle— Gas  Lighji.m.— Lajif,  kc.  for  tlic 
production  of  light ;  and  for  the  production  of  heat, 
see  the  present  article— Coal— Carbon  — Coke— 

^lost  of  the  operations  in  the  V>>  inl  A ;  i  -  ;>  [•'.'•i'\ 
directly  or  iiulireetly,  the  application  .1      :  : 

and  the  means  of  obtaining  it  arc  of  i:.  i  ,  i, 
ance  in  every  mauufaetnre.  The  puliiir.il  juAn  ui 
a  country  such  as  Great  Britain  is  due,  nut  to  her 
army  or  her  uavy, — for  these  are  defensive,  not  pro- 
ductive,— but  to  the  great  development  of  her  manu- 
factures ;  and  this  is  in  great  measure  dependent  on 
an  abundant  supply  of  fuel  easily  procurable  at  a 
cheap  rate. 

Wood.  The  carbonaceous  parts  of  plants,  whether 
fouiul  upon  or  under  the  surface  of  the  earth,  are 
peculiarly  adapted  for  supplying  an  easily  combustible 
fuel.  Tliis  source  is  extensively  distributed,  and  is  in 
a  constant  state  of  reprodiioti'-n  V.'.r  trunk.  rnnt«, 
and  larger  branches  of  tir.  :  .,  •■,■  ■  \  ,■  "  i  ' 
///I'/,  or  sinijily  icooil.  li  -  \  ■  ,  -i  n;  ,  :  ■ 
arc  three  difl'orent  Mibsl.n.  ■  '  .  oi:    ^i<  i,  .      1,!:.- 

oxygen,  whieb  i  ■  .     i      .  .  ;;^  and  vessels  of  the 

plaut,  and  forms  :  ii;         _Mlie  sff/);  and  3,  the 

felled  wood  contains  all  three  coiisl  ii  ui;i:  .  :   i!.'  li.  i 
two  are  combustible,  and  produce  1m      ,    i       '  i 
converted  into  vapour,  and  expclkJ    •         ^  ,; 
the  heat  produced  during  the  combus;..ii, ,.;  tin  i.ii.i . 
two.     Woody  fibre   and  water  are   common   to   all 
kinds  of  wood :  the  differences  in  woods  ai-e  in  tlie 
sap  and  in  the  density.     In  coniferous  woods  tl'c  sap 
is   resinous;    beech   and    birch    coi.i   'i   '  .'.m;!,,  ; 
oak  contains  tannin:    the   const  it  m  ,,        :    ' 
however,  form  a  very  small  propcui;       .      • 
bulk  of  the  wood.  The  proportion  of  w.iri  :-  ltt,;!.  m 
at  the  time  of  the  flowing  of  the  sap,  and  least  wlien 
the  growth  of  vegetation  is  less  rapid ;  hence  wood 
should  be  felled  in  the  winter,  unless  indeed  it  be 
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cultivated  more  for  the  sake  of  the  tannin  in  tlie  bark 
than  the  wood,  or  the  spot  where  it  grows  be  in- 
accessible at  that  season.  The  amount  of  water  diiTers 
in  diflerent  species  of  wood,  but  in  general  in  recently 
felled  wood,  from  Hh  to  |  of  its  weight  is  water,  and 
in  that  which  is  cormnonly  used  for  fuel,  above  ^d  :  the 
quantity,  however,  greatly  diminishes  by  exposing 
the  wood  to  the  air  in  a  dry  place.  Thus,  in  10  or 
13  months,  100  lbs.  of  wood  arc  reduced  to  80  lbs.  by 
tin  1 -,  i,iMi,  (inn  >.|'ihr  water,  the  value  of  the  same  as 
I'll'  '  '    ■        ':  •  ■   :  -  ■  '41'c.atly  increased. 

[         :  ill  water  is  injurious  to  wood  in 


■  dis; 


as  those  in  which  they  unite  t( 
and  this  relative  proportion  is 


.    Ire 


products  from  the  peat  by  distili.iUonand  oilier  means, 
such  as  paratline,  paratfine  oils,  &c.,  with  what  success 
will  be  seen  under  Peat,  App.  Small  deposits  of  peat 
are  found  in  almost  every  country,  but  districts  of  iin- 

Grand  Duchy  of  lli  -  <  1      >•  i!;o 

Khiue,  the  pe.it  is  ( 


c  p.,. 


>  d.y 


>port.     Care  is  taken  to  sepai 

part  of  the  layer,  which  is  young 

lieavy  and  more  abundant  low  er 

1:1  I  iialion  of  peat  resembles 

i  .  The  peat  is   scooped 

i        IS  possible  to  do  so,  and 


erted  into  a  homoge 


a  olf.      The  mud  1 


it  with  rakes  li 
s  then 


•uly  ii 


.  I  >  '      k,  iu  large  wooden  boxes,  such  as 

'  .1  ;  -  .  _•  lime,  that  the  water  may  run  oft 
an  I  ;iir  iii,i,s  I'.viaiic  diy.  The  boxes  are  previously 
strewetl  with  stamped  hay  to  prevent  the  peat  from 
adhering  to  the  box,  and  after  some  days,  when  the 
mass  exhibits  a  certain  consistence,  a  number  o( 
women  strap  flat  boards  like  snow-shoes  to  then-  feet, 
and  stamp  it  down  until  sufiicieutly  compressed  i.of 
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to  take  ail  impression  from  a  common  tread :  it  is 
lastly  stamped  with  boaters  until  the  surface  is 
uniform.  The  cake,  now  8  or  9  inches  thick,  is 
divided  by  means  of  long  laths  into  squares  of  about 
■i  inches,  and  these  are  gradually  removed.  The 
thickness  of  the  cake  is  the  length  of  the  bricks, 
which  are  kept  upright.  In  drying  tlie  cakes,  the 
first  one  taken  out  is  laid  transversely  upon  the 
second;  the  third  is  laid  upon  the  fourth,  and  so 
on;  tliis  order  being  reversed  when  the  pieces  are 
piled  up. 

In  some  places  the  peat  mud  is  scooped  out  with 
buckets  on  to  a  dry  jilaee,  and  when  the  water  has 
drained  otf,  it  is  made  into  bricks  with  m  iili'  1  " 
large  an  amount  of  water  in  the  peat  in'  ,         , 

destrov  its  value,  and  render  it  infai^i'' 
piled."  Its  value  inrrr.so.  i„  ri.pid  |„ni.u:ii...i  lu  i;. 

properties  onlv   m   ;   :       '        i    . 
carriage  and  by  krrp  .      ;  ,      , 
compressing   and    K: 
thus  become  vahuli    -       ;  ;:     i    . 
of  peat  prevent  i;    :    , 


purposes  of  combustion.  This  invention,  although 
new  to  us,  is  an  ancient  one,  for  the  Chuiese  have 
been  accustomed  for  ages  to  mix  their  powdered  fuel 
with  a  compost  of  soft  clay  just  suf&cient  to  make  it 
coliere ;  cow-dung  or  other  refuse  vegetable  matter 
is  also  used :  balls  are  then  formed  of  this  mixture, 
wliich  are  dried  in  the  sun  or  open  air.  Tins  method 
is  not  adopted  on  account  of  the  scarcity  of  fuel,  for 
coal  is  abundant  in  Cliiiia ;  but  the  Chinese,  unlike 
tlieEii.lili.  1.1, .i;v  1:.,.  i.    I,  'r  .^iirof  it.   These  fire- 


cry  little  s 
I  he  coal  districts, 
i   laue  poition  of 

ustMe 


>ess  Ihcbc 
suffers  by 


of  tl 


I  (lur 


iig  the  dc. 


of  the  peat.  Indeed,  peat  of  various  districts  has  been 
found  to  contain  from  1  per  cent,  to  one-third  of  its 
weight  of  ash.  Carbonates  of  the  alkalies  are  never 
found  in  it,  but  phosphates,  sulphates,  &c.  In  100 
parts  of  ash  Einhof  found  15-35  lime,  20  5  alumina, 
5'5  oxide  of  iron,  -11  silica,  15  phosphate  of  lime, 
1-55  c  i;)i;<;.  II  I'll  ;i;i'  ,-;-'i"i-  Schiibler  found  34  per 
cent  if  ,   ;       I  I  !  '   u;li  of  peat  from  Schwen- 

ash  is  oihrr.:  r  i,,i;imus  as  CBUsiiig  dust  and 
taking  up  niiicli  looiii,  decreasing  the  quantity  of 
condjnstiblc  matter,  and  in  smelting  processes  acting 
chemically. 

Coal  has  already  been  treated  of  under  tliat  head : 
its  valnc  as  a  fuel  will  be  more  fully  considered  in  the 
l)roscnt  article :  Coke  and  Cuakcoal  have  hern 
noticed  in  the  arl-iele  Carbon.  A  description  of 
fuel  made  from  a  mixture  of  coal-dust  and  pitch, 
or  coal-tar,  and  known  as  Patent  Fuel,  was  in- 
troduced sonje  years  ago.  The  advantages  of 
this  kind  of  fuel  are  economy  of  money  and  of 
space  :'  for  waste  and  refuse  coal  was  used,  such  as 
from  its  pulverulent  state  is  unfit  for  the  ordinary 


thr    |>         _  I     ,:    ;„,d   tar  coUcacd :  the  tar 

is  cuii\     ■    I  i;  .1'   ■ihich  is  mixed  while  hot  with 

the  ]>i  i:     '    :  I  V,  ,  A  IS  method  of  making  patent 

I''::'  wiict  branches:  1st,  the  sepa- 

i       II     '    >  .  >i;  I  illation  into  naphtha,  dead 

: I  Is  mixed  with  small  coal  and 
I  -  .' I' il  II  I  i  I',:  '  ,1-1  will  be  described  presently. 
1  Tin:  na]ilitha  is  rcLtil'icd,  and  sold  as  such.  3.  The 
1'  111  oil  is  converted  into  ivory  black,  and  is  also 
:  III  for  other  purposes.  4.  The  pitch,  having  become 
i.aiil,  is  ground  under  edge  stones,  and  mixed  with 
small  coal  in  the  proportion  of  1  to  1.  This  mixture 
of  coal  and  pitch  is  carried  up  into  a  large  hopper, 
from  which  it  gradually  passes  into  the  receivers,  m  m. 
Fig.  1010,   at  the  botlM.i  of  whirl,  -i   jiVu-  of  phihi 


I  rollers  o,  Fig.  1011,  : 
N,  Fig.  1010;   and  i 


way  a  regular  supply   i 


thrown  into  tlic  rutnrt  R.  An  Arcliiincdcan  screw  Q 
Fig.  1011,  inside  the  retort,  is  also  made  to  revolvi 
by  means  of  the  shaft  N.  The  retort  is  kept  at  a  dul 
red  heat  by  the  hot  air  of  the  fine  t,  and  the  fuel 
passes  tliroush  the  wliolo  length  of  tlie  retort,  which 


nites.     The  n 


s  of 


'  I  ih' opposite  end  of  the 
:  ;  '  iriied  by  an  endless 
,  1  i  :.  lnH,  where  it  is  kept 
■,  so  as  to  prevent  it  from 
rom  this  cylinder  or  receiver 
s,  where  it  is  subjected  to  a 
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coal  and  ])iti  h  i     : 

chain  into  tli^'  i  ■.. 
in  motion  by  the  arms 
hardening  into  lumps, 
it  runs  into  large  mot 

heavy  pressure  in  the  following  manner :  a  is  a  mova- 
ble oval  table  upon  which  the  moulds  BB  are  fixed  ; 
s  the  vessel  which  receives  the  fuel  paste ;  n  and  x, 
two  cylinders  similar  to  Ihc  cylinJeis  of  a  steam- 
engine,  but  -worked  by  wii^r;  -  ,  il:t  pistons,  to 
which  two  rams  arc  ni'  .  ;  <  '  '  mul;  6  arms 
fitting  accurately  into  tin  i  Irisalever, 

worked  by  means  of  llie  j  : m.  u  ■ .      i    ■    moidds  are 
filled  from  the  vessel  s  as  the  table  is  made  to  revolve 
by  the  movement  of  the  lever  j.     As  the  moulds 
approach  the  cylinder  u  the  piston  descends  and 
compresses  the  fuel  with  enormous  force;  and  after 
the  piston  rises,  another  set  of  moulds  take  their 
places,  while  the  piston  y  of  the  cylinder  x,  having 
descended  at   the  other  end  of  the  table,  the  six 
bricks  are  forced  out  of  the  moulds,  and  are  received 
below  ready  to  be  stamped  with  the  maker's  name. 
The  composition  of  these  bricks  appears  to  be — 
(Carbon    ....     61-67 
•^  I  Ashes      ....       7-OS 
Gaseous  matter  ....     31'2j 

100  00' 
The  relative  values  of  fuel  is  a  very  important  inquiry. 
Different  kinds  of  fuel  produce  very  dilferent  amounts 
of  heat,  and  various  methods  have  been  adopted  for 
ascertaining  their  maximum  effect.  To  find  the  theo- 
retical effect  of  any  fuel,  we  must  know  the  quaniU;i 
of  heat  which  a  certain  amount  of  such  fuel  is  capable 
of  producing,  and  the  time  required  for  effecting  that 
object.  These  two  points  furnish  the  heating  power, 
on  which  its  value  as  fuel  (in  conjunction,  of  course, 
with  its  market  price)  depends.  But  as  heat  cannot 
be  weighed  or  measured,  it  is  impossible  to  a-.  -  1 1,  ; 
the  quantity  of  heat  produced  by  a  body  dun  - 
bustion;  but  it  is  not  difficult  to  ascertain  iln  i  ,i  >  ' 
of  one  kind  of  fuel  compared  with  another  kiinl,  liu  .\ 
much  one  kind  exceeds  or  falls  short  of  the  other. 
This  gives  a  relative  value  to  the  fuels,  although  the 
actual  quantity  of  Jieat  produced  by  each  is  altogether 
unknown.  One  of  the  methods  of  making  this  com- 
parison is  to  cause  the  whole  quantity  of  heat  evolved 
by  the  fuel  under  examination  to  act  upon  a  third 
body,  which  producing  different  effects  under  the 
action  of  different  kinds  of  fuel,  thus  affords  a 
standard    of   comparison.      Lavoisier    and   Laplace 
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caused  the  iieat  of  their  caiorinieler  to  aef  upon  ice, 
and  they  measured  the  heat  by  the  quantity  of  ice 
melted,  llumford  used  water  instead  of  ice,  and 
measured  the  quantity  of  heat  by  tiie  increase  of 
temperature   in  a   given  quaufify  of  water.      Both 

?th0ds    ai-     M,ni;,ll.     if    N..       lu  ;,,'     in     ,:,\,I     l!„l      lllC 


Coke 


water  100°  Cent.  We.  ,  ;;  i  ;  ,  i  ;,  >  ,1  il.at 
an  equal  weight   of   ,.  ;  ^  ■  ■■     •...;  ■    ■•  -.r   ils 

and  the  same  amount  of  lie..t,  and,  ei.n.sequeutly, 
always  contains  the  same  qnanfily,  and  that  the 
quantity  of  heat  which  water  at  100°  Cent,  absorbs  or 
renders  latent  in  order  to  become  vapour,  would  be 
5-0  times  sufficient  to  heat  the  same  weight  of  water 
from  0°  to  100°  Cent.  :  hence,  it  is  easy  to  calculate 
liow  muoli  water  would  be  converted  into  vapour  by 
the  heat  required  to  melt  1  lb.  of  ice :  it  is  found  to 
be  tlie  .Voth  part  of  the  same  lb.,  or  in  other  words, 
it   is   capable   of  converting  into  vapour  0-154  lb. 

Despretz  and  Welter  found  that  those  quantities 
of  a  combustible  body  wliich  require  equal  amounts 
of  oxygen  for  combustion,  evolve  also  equal  quanti- 
ties oTlicat,  and  this  was  made  the  measure  of  the 
heating  power.  [Sec  Comkustiox.]  Indeed,  con- 
sidering that  the  heat  evolved  must  bear  some  rela- 
tion to  the  mass  of  the  body  burned,  so  the  oxygen 
may  a! so  be  regarded  as  the  combustible  as  much  as 
the  fuel  with  which  it  combines.  When,  therefore,  oxy- 
gen burns  by  means  of  carljon,  wood,  hydrogen,  &c.,  the 
heat  evolved  nnist  increase  with  the  quantity  of 
oxygen  consumed.  On  this  supposition  Berthier 
founded  a  jiraotical  process  for  detecting  by  one  ex- 


1  for 


of 


sumed  by  the  oxygen  of  the  oxide  of  lead,  as  it 
would  be  by  the  oxygen  of  the  air.  Every  equiva- 
lent nf  oxygon  thus  consumed  leaves  an  equivalent 
of  vrrleri  1  riirf:,Il;r  !.  n.l,  and  it  is  only  necessary 
'  ,,  '  :'i  I..!  ;  :  ,  '  ill  order  to  discover  the 
i  <  \  .-I  ;  <  ;:i,i,I,  and  consequently  the 
h.iiin-  I  "uer,  ilie  ..hhni  1  leing  mcrcly  a  comparison 
of  the  relative  powers  of  tlie  different  kinds  of  fuel. 

The  lighter  kinds  of  woods  contaiu  more  hydrogen 
than  the  heavier,  so  that  the  first  stage  of  their  com- 
bustion with  flame  is  increased  at  the  expense  of  the 
second — viz.  the  incandescence  of  the  charcoal; 
hence  they  burn  -with  greater  facilit\',  and  evolve 
their  heat  in  a  shorter  time  than  the  hard  woods ; 
hence,  also,  lighter  woods  are  more  combustiljle  than 
harder,  and  give  out  more  heat,  inasmuch  as  1  equiva- 
lent of  hydrogen  requires  3  times  as  much  oxygen 
(evolvmg  3  times  as  much  heat)  as  1  equivalent  of 


[.ortar.ce.  A  owt.  of  wood  in  tlie  state  of  sliavings 
will  expose  a  much  greater  amount  of  surface  to 
the  air  than  when  in  the  form  of  a  log.  Kumcrous 
portions  of  wood  will  be  burning  at  one  time  in  the 
former  case,  while  in  the  latter  the  sm-face  is  oidy,  or 
chiefly  acted  on ;  and  while  the  log  will  maintain  a 
moderate  temperature  for  hours,  the  shavings  may 
produce  a  red  heat  in  the  sides  of  the  furnace  in  a 
few  minutes.  But  as  the  amount  of  combustion,  or 
quantity  of  fuel,  consumed  in  a  given  time,  increases 
by  a  state  of  division,  so  if  this  state  is  increased 
beyond  a  certain  limit,  it  acts  in  an  opposite  manner, 
and  destroys  combustion  altoi,'etht;r.     Thus  saw-dust, 

charcoal,   ,',     |.r;,t     ,„     y.:^,,U■^^'r^.,An  ^    r...i,    ,V.'.    ,V,M> 

to   be   ci:        ■••..■ 
because  i ! ,  i   i    ■  .  ■   - 

If  coal  be  of  a  cakiug  quality,  its  dust  can  be  con- 
verted into  compact  coke ;  but  fuel  which  falls  to 
pieces  in  the  fire  without  caking,  has  many  of  the 
objections  of  powdered  fuel.  The  pulvendent  waste 
from  peat,  wood  cliarcoal,  and  pit-coal  may  now  be 
converted  into  patent  fuel,  and  on  the  continent 
small  fuel  is  often  used  in  glass-w^orks  and  for  boiler 
(ires,  the  grate-bars  having  been  previously  covered 
with  lumps  of  sandstone,  limestone,  &c.,  to  prevent 
the  powder  falling  through  the  grate,  and  to  distri- 
bute the  sujjply  of  air  through  the  fuel.  An  ingenious 
application  of  clinkers  to  the  same  purpose  is  de- 
scribed in  the  article  Copper,  p.  42S. 

The  quantitv  of  herit  obtained  from  fuel  in  the 
useful  arl>  ;•:,,!  ni-ninrp-uivs  Hill,  iny  f;,,-  .-'yn:  ..f 
the  thei.iv      :  •-    '  A       -       . 

heat  is  (■!■     ,    :    '    -  ,    A   .:.   .  ,         :  ■    :     , 

useful  clTiV,  Tlh'  :i!.!«lir,ii  ii.n  ..r  im.'I  \.>  pi. .!■-,■,,[ 
purposes  is  c:illcd  heating  or  irunnhnj,  [sec  "\VAR5n>'G,] 
and  its  object  is  to  evolve  the  heat  from  the  fuel  as 
completely  as  possible,  and  to  apply  it  without  loss 
to  the  purpose  it  is  intended  to  serve,  as  in  the  pro-  j 
cesses  of  boiling,  roasting,  smelting  and  forging  ope- 
rations, the  warming  of  dwellings,  &c. 

Some  valuable  information  respecting  fuel,  espe- 
cially as  regards  the  coals  of  our  own  country,  is 
contained  in  the  reports  "  on  the  coals  suited  to  the 
steam  navy,  by  Sir  H.  De  la  Beche  and  Dr.  Lyon 
Playfair."'  This  inquiry  was  undertaken  at  the 
public  cost,  on  the  establishment  of  a  steam  navy, 
and  the  reports  are  published  under  the  authority  of 
the  novemmcnt.  The  following  is  an  abstract  of  these 
reports,  and  in  the  Appendix  will  be  found  some 
statements  based  on  further  experience  of  the  subject. 

Considering  the  poi-poscs  to  whicli  tlie  coal  was 
to  be  applied,  the  chief  test  of  the  value  of  any  par- 
ticular coal  was  its  evaporative  power,  or  power  of 
converting  water  into  steam.  Thus,  if  a  given  weight 
of  coal  in  a  certain  time  converted  a  larger  portion 
of  water  into  steam  than  a  similar  weight  of  another 
coal,  the  evaporative  power  of  the  first  would  be 
greater  than  that  of  the  second.  It  is  shown,  how- 
ever, by  tliis  inquiry,  that  the  true  practical  value  of 
coals  for  steam  purposesjiepends  upon  a  combination 


of  qualities  which  could  only  be  elicited  by  careful 
and  continued  experiment.  Their  qualities,  so  far  as 
regards  steam-ships  of  war,  are  stated  as  follows : — 
1.  The  fuel  should  burn  with  a  quick  action,  so  that 
steam  may  be  raised  in  a  short  period.  2.  It  should 
possess  high  evaporative  power ;  that  is,  be  capable  of 
converting  much  water  into  steam  with  a  small  con- 
sumption of  coal.  3.  It  should  not  be  bituminous, 
lest  so  much  smoke  be  generated  as  to  betray  the 
position  of  ships  of  war  when  it  is  desirable  that 
this  should  be  concealed.  4.  It  should  possess  con- 
siderable cohesion  of  its  particles,  so  that  it  may  not 
be  broken  into  too  small  fragrncnls  by  The  constant 


;  •  ■  ■ ;    ■■■•      ■■■■'■■■:-  ••';••.  ;     •  ■^'■•''\  ''""^'j 

evaporative  viJucs,  often  involves  a  chirercncc  of 
more  than  20  per  cent.  6.  It  should  be  free  from 
any  considerable  quantity  of  sulphur,  and  should  not 
progressively  decay,  otherwise,  in  either  case,  it  is 
liable  to  spontaneous  combustion. 

The  above  conditions  are  never  united  in  one  coal. 
Anthracite,  for  example,  has  very  high  evaporative 
power,  but  not  being  easily  iji  ■  I,  i-  i  i  suitnl  for 
quick  action.  It  has  great  i>  ^  :  i  :i  ,  [  nuclcs, 
and  is  not  easily  broken  up  b.  ,  ,  i  ,'  .    :,  not  a 

caking  coal,  and,  therefore,  wo. i.,1  i.„;  euhu;;  in  the 
furnace  when  the  ship  rolled  in  a  gale  of  wind.  It 
emits  no  smoke,  but  from  the  intensity  of  its  com- 
bustion, causes  the  iron  of  the  grate-bars  and 
lii  ili  rs  to  oxidize,  or  waste  away,  rapidly.      Thus, 

.: ,;  many  advantages,  anthracite  has  several  defects 
■  ii  under  ordinary  circumstances  preclude  its  use. 
li  >a;i-;  thought  that  the  above  conditions  might  be 
united  in  some  of  the  fuels  prepared  from  coals  pos- 
sessing the  various  qualities,  after  the  manner  of 
patent  fuels,  and  with  this  object  experiments  were 
directed  to  be  made  with  the  view  of  preparing  such 
a  fuel.  Hence,  in  order  to  obtain  a  knowledge  of  the 
coals  of  different  districts,  Wales  was  first  selected 
for  examination,  as  producing  coals  of  all  kinds, 
varying  from  bituminous  to  anthracite.  The  result  of 
these  experiments  was  not  favourable.  The  cement- 
ing tar,  though  partially  carbonized  by  the  heat  of 
the  coking-ovens  in  which  the  prepared  fuels  arc 
heated,  was  so  much  more  combustible  than  the  dense 
and  difficultly  buriihag  anthracite,  that  the  latter 
remained  after  the  combustion  of  the  former,  and 
either  accumidatcd  on  the  bars  in  the  state  of  powder, 
obstructing  the  draught,  or  falling  through  the  grate 
escaped  combustion.  If  thrown  again  on  the  fire,  it 
choked  the  air-way  and  impeded  the  proper  action  of 
the  fuel.  The  evaporative  power  of  the  fuels  thus 
prepared  was  found  to  increase  according  as  the  pro- 
portion of  fixed  carbon  was  augmented;  but  this 
would  appear  to  arise  from  the  fuel  then  assuming 
more  of  the  characters  of  the  anthracite  or  coke 
from  which  it  was  made.  The  results  of  the  experi- 
ments indicated  the  necessity  of  keeping  a  uniform 
character  in  the  fuel  manufactured. 

In   the   selection   of  the   coals   for   trial   careful 


inquiries    was   :iia(lo   at    the  different   ports   in  tlio  ' 
ueighbourliood  of  tlic  coal-fields  as  to  the   k!'i  1  -  f 
coal  exported  for  steam  purposes.     Inforin.ii:    .: 
steam-sliip  companies,  in  tlic  li!il)it  of  usiii/ il;    , 
of  that   district,  was   collected,  and  the  Im  ,1   rl,  , 
raeter  of  the  fuel  was  ascerlaimd.     Circulars  weic 
then  forwarded  to  the  owners  of  such  coals,  explain- 
ing the  object  of  the  inquiry,  and  requesting  them 
to  furnish  2  tons  for  experiment.     In  most  instances 
the  coal  was  sent,  but  in  a  few  cases  the  owners 
declined  to  do  so;  and  as  it  was  contrary  to  the  spirit 
of  the  inquiry  to  report  on  the  merits  of  coals  con- 
trary to  the  wishes  of  the  owners,  no  coal  was  ex-  ' 
amiucd  except  such  as  was  delivered  free  of  expcnsr 
to  the  commissioners,   under  the  certificate  of  the 

The  method  of  testing  the  cohesive  power  of  the  | 
coals,  was  by  means  of  a  wooden  cylinder,  3  feet  in  { 
diameter,  and  about  4  feet  long,  each  end  with  a  ' 
bearing  or  gudgeon  attached  to  it;  in  the  interior 
were  fixed  3  shelves,  each  6  inches  wide,  tending  to 
the  axis,  for  the  purpose  of  forming  a  lodgment  for 
the  coals,  and  of  carrying  tlicm  up  towards  tin'  top 
of  the  cylinder  .liirir,^'  ''■!.- v. .'.:'-.  i    *]ii;  •  ci, -',■;■.•  ., 

a  block  let  into  llic  wall,  and  mot  ion  was  communi- 
cated by  a  band  passing  round  its  circumference. 
The  coals  to  be  tested  were  first  broken  to  the  size 
employed  in  the  experiments  on  tlieir  evaporating 
power,  then  thrown  on  a  sieve,  the  meshes  of  which 
were  1  inch  square.  Of  the  coals  left  on  the  sieve 
100  lbs.  were  put  into   the  cylinder,  which  was  then 
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IVum  the  bfilcis  by  conduction  through  the  cxtcvnar 
wall;  by  this  means,  also,  ready  access  is  gained  to 
the  base  of  the  chimney  T>,  Fi;;.  1013.  The  tmiks  E  F 
f  V  ^ny:^yus  ti,r  boilcr  with  water,  arc  made  of 
V-       '  ,     j'it.'s,   riveted   together    and    placed 

'   .      ''  I     I    the  cast-iron  pipe  which   supplies 

tiiMi  .1:1  II  >\  ,!<r  being  brought  up  inside  the  build- 
ing to  defend  it  from  frost.  The  extremity  of  the 
pipe  is  furnished  with  the  means  of  directing  the 
floiv  of  water  into  cither  tank  at  plcasui  c,  and  a  two- 
way  cock,  b,  connected  with  the  tanks,  directs  in  a 
similar  way  the  supply  from  them  to  the  boiler.  A 
cock  on  the  feed-pipe  a  short  distance  below  this 
re^-nli'tcs  the  quautitv  of  water  admitted  to  the 
1-:'.)      T'.l.-'rr  is  oy'i>'il>»'il  "1  I"'"-!!!,  12  feet  in 

nf  Mhii'i  iLr  Lii'ir  IS  placrd.  This  is  the  usual  form 
of  Cvn/i.s/,  Imlers.  The  flues  are  on  the  split  or 
bridle  draught  plan,  in  which  the  colum]i  of  heated 
air,  after  leaving  the  fire,  passes  through  the  internal 


with  each  coal,  with  .50  n-volutiuns. 

Each  coal  was  subjected  to  experiment  for  3 
successive  days,  the  draught  being  difi'erently  arranged 
for  each  day,  either  in  the  proportions  of  4  :  5  :  8  or 
1:2:4.  In  this  way  it  was  easy  to  ascertain  when 
the  gases  escaping  from  the  coals  were  most  economi- 
cally consumed.  The  coals  most  liable  to  be  influciu'cd 
by  thedificiTii!  .ujs  u,ir..v  •  f,  il„-  :.:,^.\--:..n  ,S  ,,:,, 

most   apt  tu   1  r.  ,  :  ,-.     II  ■  I      .  1   L 

products  on  til-  lii>l  s;'j'lir  i' vn  ■  f  Imm!,  -nr'h  .-i-.  I  Ih' 
coals  from  the  Northumberland,  Durham,  and 
Lancashire  coal-fields ;  and  it  was,  therefore,  found 
that  the  experiments  made  with  them  under  different 
areas  for  the  admi'ssion  of  nir,  vary  much  more  con- 
siderably than  till  1,  1  '  I  iiis  coals  of  the  South 
Wales  coal-i'irlij      1 1 -.  ,  lniiiul  necessary  in  the 

highly  gas-c:iv Hi-  (i,:ii^,  -  i.  h    i-  the  Carmel  coal  of 
Wigan,  to  allow  air  to  cuter  In  hmd  the  fire-bridge,  so  as 
to  complete  the  combustion  of  the  escaping  gases. 
The  experiments  were  conducted  at  the  College  for 


to  the  heating  action.      !  .  :  i     i.  i  il  part  of  the 

flue  at  K,  just  before  i  i.         .  '  i"  ,v,  a  damper 

is  placed  sliding  vcrtic.a.,,  m  a  Li,i..i,-ii>jn  frame,  which 
is  worked  by  means  of  a  rod  passing  through  a 
stuffing-box  and  attached  to  a  cord  k'  carried  over 
I  wo  jiuUics,  and  furnished  with  a  balance  weight,  so 
:'|  ii  I  ;  '  "11  I  iiiliug  near  the  fire-door  can  easily 
I  .nut  of  draught.  The  internal 
.  ;   'Il    iliimney,  182J  square  inches;  the 

".  Is'li  liri.iii,  -.'.  I'.'rt  G  inches.  Apertures  were  made 
in  the  diiiunfy  about  0  feet  from  its  base,  for  the 
purpose  of  making  observations  on  the  temperatures 
of  the  currents,  and  of  obtaining  samples  of  the 
gases  for  analysis.  Openings  were  also  made  at  the 
end  of  each  of  the  side  flues,  and  at  the  base  of  the 
chimney,  for  the  purpose  of  drawing  out  the  soot  at 
the  end  of  each  set  of  experiments.     The  floor  of  the 

flues  is  laid  in  fire-tiles,  to  f;i,  ,ili;,i,    n     ,,. ^,a. 

When  the  furnace  is  inaction,  il  :lic 

end  are  closed,  and  loss  of  hen  I  im  -  n  ■  I.  ms 
of  stone  doors  4  inches  thick;  iIhh  im  in'ir.  ,il  iur 
air  about  1  inch  thick  ;  and,  finally,  east-iron  hanging 
doors  lined  with  fire-clay.    The  fire-grate  is  2  feet  0 


a  plate  (ua 
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inclies  wide  and  2  feet  long,  thus  giving  an  area  of 
5  square  feet  of  grate  surface;  ilie  bars  are  ,  lueh 
in  tLickiiess,  with  '  v^fh  sjvifps  l«>t\vcrn  them  In 
the  front  end  of  tin  r  -,'  m  ;h.  Ilicdooi  is  an 
:      the  purpo  e  of 

sln|H  .(Imwii  1,,  1 1;,-  rrrate;  beside  this  is  another  phte 
'laiig  upwards  to  the  fire  door  con 
>  i4ih  to  15  inches,  which  is  the \Mdtn 
'■  r  ii:i  ;r,  .  :,  lor  the  introduction  of  fuel  The 
iirc-duurs  ^l^(■ll  for  closing  the  entrances  to  the  grate 
and  ash-pit,  were  on  Jlr.  Sylvester's  plan,  and  well 
adapted  for  preventing  the  loss  of  heat,  regulating 
the  direct  supply  of  air  to  the  fire,  and  the  convenient 
application  of  fuel.     In  this  arrangement  c  d,  Fig 


1014  is  a  large  cast-iron  plate  let  into  the  bricli-work, 
and  having  4  projecting  brackets,  e  e,  ff,  in  which 
are  seemed  the  ends  of  stout  cylmdrical  bais  which 
aie  to  cany  the  doors  The  apeituies  to  the  giate 
and  ash  pit  aic  ■^uriounded  -with  an  iron  rim  or  edge 
ibout  J  meh  ^ide  the  lo^^Cl  part  bemg  continued 
back\\  ud  along  the  phte,  foiming  a  kind  of  guide, 
g  h  The  file  dooi,  \\hich  exactly  resembles  the  ash- 
pit door,  consibti  of  a  leetaugulai  east  uon  box, 
having  its  edge  giouud  so  as  to  fit  aceuiately  the 
ironnmbefjie  deseiibcd    and  the  intenoi  is  filled 


vnth,  first,  a  lajer  of  fire-biick,  theu  a  space  for  air, 
and  then  auotlrer  thickucsa  of  fire-brick,  which 
effectually  prevents  loss  of  heat.  The  top  of  the 
door  has  projecting  ledges,  forming  the  cheeks  for 
two  frielioii  wheels,  1 1,  which  run  on  the  cjlindrical 
bar  already  mentioned,  so  that  when  the  door  is 
drawn  sideways  by  means  of  the  liandle  K  at  its  back, 
the  wheels  roll  along  the  bar,  the  lower  part  of  the 
door  sliding  at  the  same  time  closely  along  the  ledge 
or  guide  ff.  The  two  sides  of  the  aperture  are 
sl.jped  gradually,  so  as  with  the  lower  edge  to 
project  more  at  bottom  than  at  the  top  ;  this  causes 
the  weight  of  the  door  to  act  in  keeping  the  sui-faces 
in  contact.  The  boiler  has  three  safety  valves,  one 
of  which  is  loided  dii-eclly,  and  lias  au  area  of  5.4 
square  inches,  and  two  smaller  steelyard  valves,  each 
having  an  area  of  2.07  square  inches.  In  the  experi- 
ments, the  boiler  was  worked  the  first  two  days  with 
a  pressure  of  lib.  per  square  inch,  and  generally  on 
the  third  day  with  a  pressure  of  3  lbs.  on  the  inch. 
The  tliickness  of  brickwork  at  the  crown  of  the 
boiler  is  4j  inches,  and  the  valves  were  brought  up  on 
a  level  with  it  and  then  paved,  thus  forming  a  large 
platform,  and  affording  convenient  access  to  tlie 
different  thermometers  and  apparatus.  Openings 
were  made  into  the  side  flues  in  about  the  middle  of 
their  length,  in  which  were  fixed  iron  tubes  closed  at 
the  lower  ends,  and  coulaiumg  od  in  which  the  ther- 
mometers were  placed  for  giving  the  temperatures  ; 
a  similar  tube  was  inserted  at  k  in  the  base  of  the 
chimney,  and  another  in  the  boiler  at  l,  to  give  the 
initial  temperature  of  the  water  in  it. 

The  method  of  conducting  the  experiments  is  now 
to  be  described.  Supposing  the  water  in  the  boiler 
to  be  cold^  and  to  stand  about  1  inch  below  the  normal 
level,  the  fire  was  lighted  and  the  steam  got  up  in  the 
afternoon  of  the  day  preceding  the  commencement  of 
the  experiments.  The  fire  was  then  allowed  to  burn 
out,  when  the  fire  and  ash-pit  doors  and  the  damper 
were  all  closed.  The  next  morning  the  first  thing 
done  was  to  open  the  safety  valve  to  equalize  the 
external  and  internal  prcssm-cs,  and  theu  sufficient 
water  was  let  down  from  the  tanks  to  raise  that  in 
the  boiler  to  the  normal  level.  The  depth  of  the 
water  in  the  tanks  was  then  gauged,  and  the  first 
observation  of  its  temperature  m.-uln.  The  .-islics, 
cinders  and  soot,  were  next  cli;i:  1  ■  '!'  i'  I  -r 
noting  the  temperature  of  the  v,  i  i   i;  .    !        i, 

thefire  was  lighted  with  a  weigh  r,i  i.Miii.n  ..,  v,.n.a, 
and  the  exact  time  was  then  observed,  the  coals 
were  then  gradually  added  till  the  fii-e  was  of  the 
proper  size  and  form.  The  form  of  fire  was  slightly 
varied  according  to  the  kmd  of  coal  employed,  the 
object  being  to  burn  the  coal  to  the  best  advantage 
with  as  little  smoke  as  possible  at  the  chimney.  The 
observations  of  the  temperatun^s  of  the  two  side  and 
escape  flues,  and  of  the  water  in  the  tanks,  then 
succeeded  each  other  at  regular  intervals  of  about 
one  hour  each.  When  the  steam  raised  the  safety 
valve  the  time  was  observed  and  entered  under  the 
heading  s(eam-vp.  The  damper  was  adjusted  as  soon 
^  the  fire  was  sufficiently  established,  and  was  not 
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disturbed  dm-iug  the  day,  except  uuder  peculiar 
circumstances.  When,  by  evaporation,  the  water  had 
sunk  about  1  mch  below  the  normal  level,  the  defi- 
ciency was  supplied  from  the  tanks  above ;  or,  by  the 
plan  afterwards  adopted,  the  water  was  allowed  to 
flow  in  continuously,  so  as  to  iiv  'i  '  -'i  f':-  -v:  'i  r  in 
the  boiler  at  a  constant  level.      I        :  i    ,  '^nl 

with  coals  in  pieces  not  exce.^li!'        ■'   ::•  •  i  h, 

and  not  more  than  one  or  twn    I:  .,i,  :  i  ,i  > ;  !ie, 

and  were  usually  spn  :il  iA.i..,  ■  i  ::ir  llie;  but  m 
the  case  of  authrae-      '  !' ;i;M  he  sudden 

application  of  heat  r:  ,  ■     <|ilit  and  fall 

through  the  bars.  I  ;  >  ,  ,  :  le,  onidually 
heated  on  the  dead  ]  1  '  '  '  i  '  [■-''■  '  '■■■  Willi 
the  bituminous  coaK  :i  j..,  :,^:.\  ,i.>  "ij.ilial 
coking  on  the  dead  Ilia:,'  |.i^  ..  :  i'  .,  ii.  n  .  I.ing 
in  the  fire  (which  woula  have  r...  ,  ;  i  i  .  [ .  ^  _  ■  of 
air  through  the  grate),  beside  ;  ,    i   ,    ,  ,,|,(ir- 

tuiuty  for  burning  the  smoke  a  '■  \   i ;.  mg 

them  over  a  large  surface  of  ie  i     i.      I  j    iiira- 

tion  of  the  experiment  was  iv.  \  :'.•■     :!;    iimc 

the  steam  was  up  to  about  thai  I  '.-  '  i,  ,:imu 
of  fuel,  after  which  the  fire  \v a-  I     :   an,  'iy  to 

burn  out,  when  the  damper,  and  laiiiav  and  a^li-pit 
doors  were  closed.  During  the  day,  ashes  wcic 
thrown  up  in  small  quantities  from  time  to  time, 
when  the  fire  was  burning  clear  and  well.  The  weight 
of  coals  consumed  was  then  ascertained,  liy  deduetiiig 
the  weight  left  from  the  gross  weight  ]u-ovided  lor 
the  day's  trial,  when  the  experiment  terminated.  The 
next  morning,  when  the  level  of  the  water  in  the 
boiler  was  adjusted  by  turning  down  a  supply  from 
the  tanks,  their  depth  was  gauged,  and  the  quantity 
evaporated  the  previous  day  was  thus  ascertained. 
The  coke  and  cinders  were  then  removed,  t  he  clinkers, 
if  any,  were  separated,  and  the  ■-.:  ■  M  "I  i  ■''■!  i.:!aii. 
The  soot  was  cleared  out  at  lia        !    i   '  d  ly's 

experiment,  and  the  total  v<\  .-'■'':  ..  .>,  a,  ,,  ineli, 
divided  by  the  number  of  trials,  ;;:i\u  llie  average 
weight.  Samples  of  the  ashes,  cinders  and  soot, 
were  theu  put  aside  in  bottles  for  the  purpose  of 
ascertaining  the  per  centage  of  combustible  matter 
present  in  the  residue.  The  barometer  was  observed 
at  about  11  o'clock  in  the  day,  being  generally  about 
2  hours  after  the  steam  was  up. 

The  method  of  estimating  the  quantity  of  com- 
bustible matter  in  the  residue,  was  to  heat  the  pow- 
dered substance  in  a  stream  of  oxygen  gas,  by  which 
the  organic  matter  was  dissipated  chiefly  as  carbonic 
acid  and  water,  and  to  estimate  the  loss  as  combusti- 
ble matter. 

Some  difficulty  was  found  in  obtaming  the  mean 
temperature  of  the  water  in  the  boiler  at  the  begin- 
ning and  end  of  an  experiment,  arising  from  tho 
normal  level  being  established  by  letting  down  water 
to  the  bottom  of  the  boiler  by  means  of  the  pipe 
e'e'e',  and  cold  water  being  denser  than  hot,  the 
cold  water  remained  at  the  lower  part  of  the  boiler 
without  mixing  with  that  ah-cady  contained  in  it, 
the  two  temperatures  often  varying  as  much  as  70", 
which  would  make  a  considerable  difference  between 
the  real  and  apparent  weight  of  the  water  contamed 
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35-0 

10-44 

559-02 

390-25 

Pontypool 

7-47 

557 

82-35 

■676 

47-845 

40-216 

57-5 

8-04 

416-07 

250-40 

Bcdwas 

97'J 

50-5 

82-6 

■Gil 

63-565 

44-32 

54-0 

999 

494-39 

476-96 

EbbwVale 

10-21 

53-3 

78-81 

•676 

45-98 

42-26 

450 

10G4 

544-19 

460-22 

Porth-mawr 

7-53 

53-3 

86-722 

•614 

62-7 

42-02 

62-0 

7-75 

401-34 

347-44 

ColeshiU 

8-0 

53-0 

80-483 

■658 

51-85 

42-26 

62-0 

8-34 

424-0 

406-41 

ScoTCU  Coals. — 

Dalkcath  Jewel  Seam  .     . 

7-OS 

49-8 

79-672 

•625 

59-984 

44-98 

857 

7-10 

352-58 

355-18 

„       Corou;ition  Seam 

771 

51G6 

78-611 

•657 

52-17 

43-36 

88-2 

7-8G 

398-29 

37008 

Wallscud  Elgin       .     .     . 

S-4G 

54-6 

78-611 

•694 

43-78 

41-02 

64-0 

S-67 

400-82 

43577 

Fordcl  SpUut     .... 

7-5  G 

55-0 

77-611 

■699 

42-92 

40-72 

63-0 

7-69 

415-80 

464-98 

Grangemouth     ,     .     .     . 

7-40 

54-25 

80-48 

•674 

48-35 

40-13 

69-7 

7-91 

401^45 

380-40 

Englisu  Coals. — 

Broomhill 

7-3 

52-5 

77-988 

•673 

48-55 

42-67 

65-7 

7-66 

383-25 

397-78 

Lydney  (forest  of  Dean) . 

8-52 

54-444 

80-046 

•68 

47^02 

41-14 

55-0 

8-98 

463-86 

487-19 

Slievardagh  Lish  Ajithi-acite 

9-85 

62-8 

99-57 

•630 

58^55 

35-66 

74-0 

10-49 

618-58 

473-18 

Patent  Coals.— 

Wylam's  Patent  Fuel .     . 

8-92 

65-OS 

68-629 

•948 

5-45 

34-41 

9  74 

580-51 

418-89 

Bell's      ,-.  „        „      .     . 

8-53 

65-3 

71-124 

•918 

8-91 

34-30 

8-65 

557-0 

549-11 

Warliok's    „        „      .     . 

10-36 

6905 

72-248 

•955 

i-49 

32-44 

10-60 

715-35    457-84 

in 

the  boiler;  and  as  this  was  one  of  the  elements  1 

as  shown  by  the  arrows  e,  b.    This  mixing  apparat 

IS 

employed  in  caloulatiug  the  evaporative  value  of  the 

was  used  at  the  beginning  and  end  of  each  experi- 

coals experimented  on,  it  was  thought  important  to 

ment  in  the  foUowmg  manner :— Suppose  an  experi- 

be able  to  find  the  true  mean  temperature,  which  was 

ment  to  have  been  made  the  previous  day,  the  first 

thing  done  iu  the  morning  was  to  turn  the  cocks  K 

force  pump  p,  by  means  of  which  water  can  be  drawn 

and  s  in  a  proper  position,  and  then,  by  means  of  the 

from  the  bottom  of  the  boiler,  and  passing  in  the 

pump  p,  force  water  from  the  bottom  of  the  boiler  on 

direction  of  the  arrows  aaa,bbb,  be  distributed  on 

the  top  at  T  T  T.     This  generally  lasted  ten  mmutes  : 

the  top  by  means  of  the  perforated  extremities  of 

when  the  cocks  k  and  s  being  turned  in  another  posi- 

the tubes  t  t  t.    Iu  another  position  of  the  three  and 

tion,  the  normal  level  was  restored  by  letting  down 

four-way  cocks  r  and  s,  the  water  passes  directly 

water  from  the  tanks  in  the  direction  of  tlie  arrows 

from  the  tanks  to  the  bottom  of  the  boiler;  while  by 

c  b,  when  the  cold  water  flowing  from  the  apeitures  T, 

a  thii-d  modification  in  the  position  of  the  plugs  of 

being  denser  than  that  contained  in  the  boiler,  faUs  to 

the  cooks  p.  and  s,  the  water  can  be  made  to  flow 

the  bottom,  and  in  doing  so  abstracts  heat  from  the 

directly  on  the  top  of  the  boiler  from  the  tanks  e  f. 

warm  water  tIu:ough  which  it  passes,  until  the  equili- 

brimn  is  restored ;  the  temnorature  is  theu  read  off 
by  means  of  the  themiometer,  and  the  cocks  k  and  s 
are  turned  so  as  to  allow  water  to  flow  directly  to  the 
bottom  of  the  boiler  i]i  the  direction  c,  in  which 
position  they  remained  during  the  whole  of  the  ex- 
periment. The  coeks  t'  t'  t'  were  shut  to  prevent  the 
condensation  of  steam  in  the  mixing  apparatus,  and 
also  to  cut  off  all  communication  with  the  boUer.  In 
this  way  the  temperature  of  the  water  in  the  boiler 
was  made  uniform,  a  difference  of  2°  being  rarely 
observed  between  the  fliermometcr  l,  and  a  thcr-  | 
mometer  placed  in  a  stream  of  watii  :ul.iMr>l  !i.  \\~.\\ 
from  the  cock  x.'  Those  opcnili.  i:  v,  .  :<  ,  : 
every  morning  during  the  progress  i  -I  ; 
as  also  ou  that  of  the  fourth  day,  v,:._a  ;!i     _,.iLj  -A 


i:L.  7-23 

expenmeuts  was  completed.  This  last  tempcratme 
is  used  in  the  calculations  of  the  work  done  on  the 
thii'd  day,  whilst  in  the  other  cases  the  final  tempcra- 
tui'e  of  one  day  is  evidently  the  initial  temperature  of 
the  succeeding. 

Every  sample  of  coal  submitted  to  examination  was 
accompanied  by  a  certificate  from  tlic  owner  or  his 
agent,  and  in  the  report  a  \.ii!il;,  ^f  |  ii'irulirs 
respecting  the  mine,  the  gculu^      '    :  i     i'  ilic 

coal,  the  method  of  workin-,  i:      i  ■    ,       ,  ihe 

extent  of  trade,  the  physicil  r':  i  :i     r-al, 

.\e.;    ;ilnl    the    rCSults    of   the    .-ili.     ■     ■    .    -;    ;;  I        .    :,rc 

'    i  .11  a  tabulated  form.    Tlir  i  ;  •  !,,i-s 

i>  ,  '  ;iig-  the  Duffryn  coal  m,iI  ,  .  ;lr  ■  ■  n  cf 
Liiuv  lur  all  the  coals  examined  : — 


"  I  hereby  ccjtif 
sample  of  tl 


Duffryn  Co.vl. 
oal  marked  as  in  the  margin  of  this  c 
.,  wliifli  were  nuned  speciaBy  for  the  so 


c  of  tl 


imaU  j.i 
■reguhvrity  of  i' 

r--r -. pyrites  were  observi 

coal,  where  the  structure  is  well  seen,  show  the  lines  of  fibrous  structure 


;iiid  is  obtained  in  the  valley  of  Abcrdarc  near  Jlertli.vr, 
s  2S8  feet,  and  the  thickness  of  the  vein  is  ^'iner.-illy 
iiiding:  the  small  and  vefii'^e  i^;  e;wi  l.-irk  ,,,■ 'j'liliril  in 
i;ons  containing  aboul  n  i-n  i  'i  -i.l  ■•:  i,  ,,  ;  iVmhi 
l.ving  stratum  is  stron::  '  -         ■    :  i        '     i     '  "' 

,r  imI;;.  n  to  Cardili',  the  shipi>in- port,  is  2;i  liiiles,  to 

\     .     1,  lit  price  is  given  in  the  return,  which  states 

I   :  i.  r  contract  with  tlie  government  for  steam 


fracture,  but  which  is  somewhat  obscured  by  the  app; 
siderable  proportion  of  a  white  substance,  but  no  iron  pj 


ir  bedding. 


Numerous  very  thin  layers  of  a  soft  brownish  substui.e^  .. 


pea ranee  of 

iMus  of  the 
e  planes  of 
the  lino  of 


deposit] 
bedding. 

Our  remarks  during  the  trials  show  that  it  kmdles  very  readily  and  bm-us  freely,  raising  the  steam  with 
great  rapidity.  It  makes  a  remarkably  clean  fire,  without  any  smoke,  opening  well  on  tlie  bars  without 
caking.     No  clinkers  were  made  :  the  ashes  and  cinders  left  were  clean,  and  of  a  whitish  colour. 


Extr 


iofes 


Dew-point 

Area  of  damper  open 

Wciglit  of  coals  cousuraed 

Weiglit  of  ashes  left .        ... 

Per  centage  of  combustible  matter  in  ash{ 

Weight  of  cinder  left  .         ■     .    •.    , 

Weight  of  clinker  in  cinder 

Average  weight  of  soot  in  flues  . 

Per  centage  of  combustible  matter  in  sool 

Weight  of  water  evaporated 

Weight  of  water  evaporated  from  212°  In 

Weight  of  coals  per  hour  for  1  stiuare  foe 

Duration  of  experiment     . 

Specific  gravity  of  coal 

Mean  weiglit  of  cubic  foot  of  coal 

Economic  weight  or  space  oc-cupicd  by  oi 


337-5  lbs. 

S  5  lbs. 

52-76  lbs. 

89 -7i 


In  reviewing  this  long  and  elaborate  inquiry,  the 
Commissioners  state   that   the   qualities  which  dis- 


tinguish particular  kinds  of  fuel  a 

difficult  to  deduce  general  results.   In  the  c 
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economical  application  of  coals,  vh.  their  evaporative 
value,  one  varietj  of  coal,  whioli  may  be  admirably 
adapted  from  its  quick  action  for  raising  steam  in  a 
short  period,  may  be  far  exceeded  by  another  variety, 
inferior  in  this  respect,  but  capable  of  converting;  a 
1111  i  'i  ],-,_■.  1  1,1:  iiiity  of  water  into  steam,  and  there- 
1  ill  the  production  of  force.   A  coal 

111.  '         <  .  '  qualities  in  a  high  degree  might 

•  I /I  I  1,  '.  I  1  naval  purposes,  on  account  of  its 
inipliaiiir:il  stnicturo.  If  the  cohesion  of  its  particles 
be  small,  (lie  ciicct  of  transport,  or  the  attrition  of 
one  coal  against  another  by  the  motion  of  a  vessel, 
might  so  far  pulverise  it  as  materially  to  reduce  its 
value.  Even  supposing  the  three  qualities  united, 
rapidity  and  duration  of  action  with  considerable  re- 
sistance to  breakage,  there  are  other  properties  which 
should  receive  attention  in  the  selection  of  a  fuel, 
without  the  coiuliinalion  of  which  it  might  be  useless 
for  our  steam  navy.  "U'ith  respect  to  the  bulk  or 
space  occupied  by  certain  weights  of  different  coals, 
two  varieties  of  coals  often  equally  good  as  regards 
their  evaporative  value,  may  differ  as  to  the  space 
occupied  as  much  as  20  per  cent. ;  that  is,  where  80 
tons  of  one  enal  eouW  be  stowed,  100  tons  of  another 
(if  equal  ev  r-:!:'  ;\'  \  I'lh-  iiiijlit  be  placed  by  select- 
ini;- it  will;  :  i  :"!-! 1 1(  chauical  structure. 

The  vaii-i:  .'  •■'.:,,.  ii  ,1  coals  sent  from  different 
parts  of  the  einiuuy  were  liist  analysed  and  examined 
in  the  laboratory,  but  as  it  was  found  that  no  practical 
result  coidd  bo  attained  by  this  method  alone,  it  was 
determined  to  test  each  variety  of  coal  on  a  scale  of 
sufUcient  magnitude  to  cheek  the  theoretical  views 
h\  the  praetical  results. 

In  ascertaining  the  true  evaporative  value  of  the 
fuel,  several  corrections  were  necessary  before  the 
final  resijlt  could  be  arrived  at.  Some  of  these 
have  been  already  noticed.  Other  circumstances 
also  affect  the  evaporative  powers  of  the  coal,  as 
for  example,  that  all  tho  water  exposed  to  the 
aefiun  of  the  fire  in  the  boiler  is  not  converted 
info  steam,  and  that  wood  is  used  to  light  the  fire. 
The  expansion  or  contraction  of  tho  boiler  from  an 
increase  or  diinmntion  of  the  temperature,  made  a 
difference  of  nearly  70  lbs.  of  w-ater  in  the  contents 
of  the  boiler  between  the  temperatures  of  150°  and 
212° :  aUowanco  was  therefore  made  for  this  even 
wlieu  the  difference  between  the  initial  and  final  tem- 
pirature  was  not  greater  than  10°.  Other  circum- 
stances of  less  importance  were  neglected,  such  as 
the  quantity  of  gases  evolved  diuing  combustion,  the 
elevation  in  temperatm-e  of  the  air  entering  the  fire- 
p.aee,  the  barometrical  and  hygi-ometric  conditions  of 
the  atmosphere,  the  radiation  from  the  boiler,  (very 
small  in  amount,  owing  to  its  brick  covering,)  the 
hjgrometric  state  of  the  fuel,  or  the  heat  necessary  for 
obtaiiiiug  mechanical  draught  in  the  chimney.  With 
respect  to  the  hygroscopic  condition  of  the  fuel,  had 
wood  been  employed  con-ection  must  have  been  made 
for  it,  but  the  hygroscopic  nature  of  coal  is  very 
much  less  than  that  of  wood.  The  latter  contains  ^ 
of  its  o^vn  weight  of  hygroscopic  water ;  and  the  heat 
necessary  for  tlie  evaporation  of  this  quantity  might 


be  shown  by  a  simple  calculation  to  be  nearly  equal 
to  22  per  cent,  of  the  total  heat  obtained  by  the  com- 
bustion of  the  wood.  The  hygroscopic  water  in  coal 
is  however  very  small,  as  will  be  seen  by  the  foUo'O'ing 
determinations  of  some  of  the  Welsh  specimens  ex- 
perimented upon : — 

Hygroscopic  .rater. 

Graigola  coal     .     .     .     I'OO  per  cent. 
Anthracite    ....     244      „ 
Old  Castle    ....     074      „ 
Ward's  Kery  Vein     .     1-27      „ 
Myndd  Newydd     .     .     0-67      „ 
Pentrepoth  "...     078      „ 
Pentrefetin  ....     070      „ 
Of  the  gases  flying  up  the  chimney,  repeated  analyses 
proved  them  not  to  contain  any  combustible  consti- 
tuent ;  the  only  products  ever  found  being  carbonic 
acid,  sulphurous  acid,  oxygen,  and  nitrogen.    The 
quantity  of  free  oxygen  in  the  chimney  varied  from 
■J  to  §  of  the  oxygen  which  combined  with  the  fuel ; 
in  other  words,  nearly  twice   as   much  air  passes 
through  the  fire  as  is  strictly  necessary  by  theory. 

The  heating  values  of  coals  depend  on  the  quan- 
tity of  oxygen  required  for  their  complete  combus- 
tion. This  may  be  estimated  experimentally  by 
heating  the  coal,  with  certain  precautions,  with 
an  excess  of  litharge,  or  it  may  be  determined 
by  calculation  from  the  known  equivalents  of  the 
combustible  ingredients  of  the  coal.  From  tlio  quan- 
tity of  lead  reduced  by  the  coal,  the  oxygen  em- 
ployed in  its  combustion  may  be  estimated,  and  the 
calorific  values  stand  in  direct  relation  to  this  quan- 
tity. The  amount  of  oxygen  necessaij  to  consume 
the  combustible  constituents  may  be  more  accurately 
determined  by  elementary  analysis ;  and  thus  calcu- 
lated, the  results  are  generally  found  to  be  about  one- 
ninth  greater  than  those  indicated  by  experiment 
wdth  the  litharge.  The  calculation  from  the  elemen- 
tary analysis  depends  upon  the  circumstance  that  6 
parts  or  1  eqidvalciit  of  carbon  require  16  parts  or 
2  equivalents  of  oxygen  for  combustion,  while  1  part 
of  hydrogen  requires  8  parts  of  oxygen ;  it  is  only 
necessaiy,  therefore,  to  subtract  from  the  liydi-ogen  a 
quantity  corresponding  to  the  oxygen  contained  in 
the  coal,  to  enable  the  calculation  to  be  made  on  these 
principles.  As  the  calorific  values  are  only  relative, 
it  is  useful  to  refer  them  to  the  heating  power  of  pure 
carbon,  1  part  of  which  requires  2  066  parts  of  oxygen 
for  combustion,  and  is  capable,  according  to  Des- 
pretz,  of  heating  7S'15  parts  of  water  from  its 
freezing  to  its  boiling  poiut.  The  calculation  may  bo 
simplified  by  multiplying  each  part  of  lead  obtained 
by  2'265,  which  gives  at  once  the  weight  of  water 
capable  of  being  heated  between  these  temperatures 
by  a  unit  of  the  coal  used  in  reducing  the  litharge. 

The  economical  values  of  coal  are  often  influenced 
by  circumstances  which  caimot  be  taken  into  account 
in  chemical  analyses.  If,  for  example,  the  coal  in  the 
furnace  should  undergo  destructive  distillation  before 
combustion  commences,  a  large  quantity  of  the  con- 
stituents of  the  coal  arc  rendered  gaseous,  and  so 
much  heat  is  expended  in  this  act,  that  the  heat 


0  destructive  to  tin 
s  easy  from  analysis 


developed  by  the  sul)^ctlueut  couilnisliou  of  t'jcsc 
gases  is  frequently  not  greater  tliau  that  abstracted 
during  their  foruiatiou.  It  would  have  been  difficult 
to  ascertain  the  propoi-tion  of  fixed  and  volatile  pro- 
ducts in  tlie  various  coals ;  this,  however,  was  done 

r.ii '  '  ,■!,              .,1  ■  1^.    I    I  ;    '"■   •     ,    uletiant    gas, 

;i;.  I    .    i  ■-    :     ■         I    ■III. :i  inflammable 

111  '..  ■'!  '           ■'' '■         ;.  til  btato  the  proportion 

"1'    i  ■       !    I   liiiN,  tlic  per  ccutage  of 

'■"t.i    I  I            I    ,  1   III'   :■,  \,v.  determined.     [See 

It  has  liciu  supimscd  that  the  evaporative  value  of 
a  bituminous  coal  may  be  expressed  by  the  value  of 
its  eoke,  the  heat  of  combustion  of  its  volatile  pro- 
duets  being  practically  little  nmrr  lliiii  is  nfep«^iry 
to  volatilise  them.  If  this  sn;  ;  :  i  v.rrr  i\  .i 
near  the  trutli,  the  most  useful  I  •!:  ■      ,11 

follow  from  it.  By  a  larger  ami  1  -       1     ,         I     ,    . 
of  gas  manufacture,  the  volalili    :  ■  1   ,: 

tion  might  be  made  useful  not  1  1      :   :    1  ,     - 

of  illumination,  but  also  for  dn;      '  ■  i     1 

residual  coke  might  be  usedwilli  ,iii  njuil  r(Mii!.;ii\  m 
our  manufactures, '  thus  preventing  the  emission  of 
that  smoke  which  at  present  is 
comfort  of  our  large  cities.  It 
to  examine  whether  tlie  duty  performed  by  the 
is  to  be  attributed  to  its  fixed  ingredients,  or  coke, 
by  estimating  the  work  wliich  the  latter  is  capable  of 
performing.  This  may  be  done  by  subtraetiug  the 
amount  of  ashes  iu  the  coal  from  its  amount  of  coke, 
and  estimating  the  remainder  as  carbon.  This  carbon 
multiplied  by  its  heating  power,  13,208,  and  divided 
by  905-7,  or  the  latent  heat  of  steam,  indicates  the 
number  of  poimds  of  water  whieh  the  eoke  by  itself 
could  evaporate  witliout  the  aid  of  the  combustible 
volatile  ingredients  of  the  coal. 

The  whole  system  of  manufacturing  coke  is  at 
present  very  imperfect.  Besides  losing  the  volatile 
combustible  substances,  whieh  under  new  adjust- 
ments might  be  made  of  much  value,  an  immense 
quantity  of  ammonia  is  lost  by  being  thi'owu  into  the 
atmosplicrc.  Ammonia  and  its  salts  are  daily  becoming 
more  valuable  in  agriculture,  and  it  is  their  compara- 
tive high  price  alone  wMch  prevents  their  general  use 
in  all  kuids  of  cereal  cultivation.  By  a  construction 
of  the  most  simple  kind,  the  coke  ovens  now  in  use 
might  be  made  to  economise  much  of  the  nitrogen 
which  invariably  escapes  in  the  form  of  ammonia. 
The  price  of  sulphate  of  ammonia  is  about  13/.  per 
ton,  and  iu  coking  100  tons  of  coal  about  six  tons  of 
this  salt  may  be  produced. 

By  the  data  furnished  by  this  report,  the  actual 
value  of  the  coals  may  be  contrasted  with  that  which 
is  theoretically  possible,  supposing  their  combustion 
to  proceed  under  circumstances  which  prevented  any 
loss  of  heat.  Tlie  actual  duty  obtained  by  a  pound 
of  coal  from  the  boiler  employed  may  be  easily  ex- 


pressed by  the  number  of  pounds  raised  to  the  height 
of  one  foot.  This  result  may  bo  rcadUy  obtained  l)y 
the  simple  formula — 

W  ,  X  905-7  X  7S2  =  X. 
^Y  representing  water,  of  which  rj  pounds  are  evapo- 
rated by  a  pound  of  coal.  This  formula  is  deduced 
from  the  fact  that  7;  pounds  of  water  midtiplicd  by 
005-7,  or  the  co-efficient  for  the  latent  heat  of  steam 
at  212%  indicates  the  number  of  pounds  of  wattn- 
which  would  be  raised  1°  Fahr. ;  aud  the  number  782 
arises  from  experiment  on  the  mechanical  force  denoted 
by  the  elevation  'of  a  pound  of  water  1°  Fahr. ;  that 
force  being  equal  to  7S2  pounds  raised  to  the  height 
of  1  foot,  according  to  tlie  careful  experiments  of  Mr. 
Joule  on  the  frietion  of  oil,  water,  and  mercnry. 


7  SS  lbs.  of  water  from  21:3'"';  AVall,  in  USS,  fixed 
the  quantity  at  8-02  lbs. ;  Wieksteed,  in  1810,  found 
that  1  lb.  of  Merthyr  conl  ooidd  be  made  to  evaporate 
9-493  lbs.  of  water  from  SO",  which  is  equal  to 
10-740  lbs.  from  212\  In  some  experiments  made 
on  the  boiler  of  the  Loam's  engine  at  the  United 
Mines  in  Coinwall,  each  pound  of  coal  was  found  by 
atrialof  sN.  u,...:]..  1,,  ,.>:,,,oratc  10-29  lbs.  of  water 
fromL'!J\      I  :       ,    ::>lrd  that  11  lbs.  of  water 

have    Ih  I   .    ,  ;       ,    1  lb.  of  coal   burued   in 

Cornish  l"i,:i;  ,  1-  /  .1,  i!iis  is  the  utmost  quantity 
theoretically  possible,  the  statement  requires  to  he 
reconsidered.  According  to  some  experiments  under- 
taken m  Cornwall,  at  the  request  of  the  commis- 
sioners, it  was  found  that  11--12  lbs.  of  water  were 
evaporated  by  every  lb.  of  Welsh  coal  corresponding 
iu  composition  to  that  of  Mj-nydd  Newydd. 

"With  regai-d  to  the  patent  fials,  alllmugh  tlicir 
specific  gravity  is  lower  than  1'  ii  il'  •  iHnn;,  luiils, 
yet  from  their  brick-like  slui|:   :  ,.'    .imc- 

turc  they  generally  occupy  !'~  1  :  m  r(|iial 

weight  of  coals.  Many  of  tin- ;  'iiii  1  ;  1  ,  L'lHrMr, 
are  made  up  of  the  dust  of  bifuuiinons  en,d,  f-nnrnted 
together  with  bituminous  or  tarry  matter.  Tht-y 
would  more  nearly  resemble  the  best  coals  by  mixing 
a  more  anthi-aeitic  coal  with  the  tar.  But  according 
to  the  practice  indicated,  it  woidd  be  almost  im- 
possible to  prevent  the  emission  of  dense  opaque 
smoke.  Besides  this,  the  veiy  bituminous  varieties 
are  not  well  suited  to  hot  climates,  and  are  as  lialjlc 
to  spontaneous  combustion  as  certain  kinds  of  coal. 
To  avoid  these  inconveniences  some  kinds  of  patent 
fuel  are  subjected  to  a  sort  of  coking. 

It  is  important  to  obtain  exact  information  re- 
specting the  effects  Uiely  to  be  produced  on  coals 
by  stowage  and  contmued  exposure  to  high  tem- 
perature. The  coals  may  not  only  deteriorate  under 
such   circumstances,   but    emit    infiamiiiablc    gii^o.s. 
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and  produce  dangerous  explosions.  Coal  at  ordi- 
nary temperatures  evolves  carbonic  acid  and  nitro- 
gen, together  with  inflammable  gases,  sliowing  that 
a  slow  conibusHon  or  decay  is  going  on  in  con- 
sequence of  exposure  to  the  oxygen  of  the  atmo- 
sphere. This  change  in  coal  takes  place  more  rapidly 
at  an  elevated  temperature,  as  in  hot  cHmates,  and 
it  is  also  greatly  favoured  by  moisture.  'When 
sulphur  or  irou  pyrites  is  present  in  considerable 
quantity  in  a  coal  still  changing  under  the  action  of 
the  atmosphere,  a  second  powerful  heating  cause  is 
introduced,  and  the  coals  may  spontaneously  take 
fire.  The  best  method  of  prevention  is  to  dry  the 
coals  thoroughly  before  they  are  stowed  away,  and  to 
select  a  variety  of  fuel  not  liable  to  the  progressive 
decomposition  above  alluded  to. 

If  the  coal  be  kept  in  iron  bunkers  and  be  liable  to 
be  wetted  with  sea-water,  the  iron  will  become 
speedily  corroded,  in  consequence,  appareutly,  of  the 
carbon  or  coal  forming  with  the  iron  a  voltaic  couple, 
and  thus  promoting  oxidation.  The  action  is  similar 
to  that  of  the  tubercular  concretions  on  the  inside  of 
ii'on  water-pipes  when  a  piece  of  carbon  not  chemi- 
cally combined  with  the  metal  and  in  contact  with 
saline  waters  produces  a  speedy  corrosion.  A  mecha- 
nical protection  is  sometimes  sufficient,  such  as  a 
coat  of  Roman  cement,  a  lining  of  wood,  or  drying 
oil,^-ivcu  into  the  pores  of  the  iron  with  great 

FULCRUM.    See  Lever. 

FULLER'S  EARTH,  a  kind  of  lithomarge  clay  of 
a  greenish  or  yellowish  grey  colour;  it  is  soft  and 
friable,  coarse  or  fine  grained,  witli  a  greasy  feel ; 
its  sp.  gr.  varies  from  I'S  to  2-2.  It  forms  a  non- 
plastic  paste  with  water.  Its  constituents  arc, 
according  to  Dr.  Thomson's  analysis,  silica  44  per 
ciu',.  ,  I  i  !i';i  :-'VOG,  lime  4"08,  magnesia  2,  prot- 
iix;'>  ;  ;  .',  .iiii- 24-95.  Hence,  supposing  the 
li  ,    ,  ,    :  1  iron  to  bo  in  the  state  of  silicates, 

;i,  i  ;.  ':  i  1.T I licuts,  fuller's  earth  is  a  hydrous 
bisilicate  of  aluinina,  and  two  equivalents  of  water. 
It  was  formerly  much  used  in  the  cleansing  of  woollen 
cloth  in  the  operation  of  fulling,  whence  the  name  ; 
its  cleansing  action  depending  on  the  affinity  of  its 
almniua  for  greasy  matters.  The  fullers  generally  use 
it  before  they  apply  soap.  Fuller's  earth  is  found  in 
several  parts  of  England,  but  chiefly  in  Surrey,  Kent, 
1^1  u;' .  I  i::;r,  TTampshire,  Bath,  Nottinghamshire, 
;:i  i    -  ,  Ai    X\itGeld,  near  Reigate,  in  Surrey, 

ii  .  vlicds,  near  the  summit  of  a  hiU, 

li:  '  ,, .  :  ;,>  ';  ■  .  and  or  sand-stone,  containing  fossil 
wooi,  conuia  nmmouis,  &c.  There  are  two  distinct 
beds  of  fuller's  earth;  tlie  upper  is  of  a  greenish 
colour,  and  is  5  feet  in  thickness  ;  this  rests  upon  the 
other  bed,  which  has  a  bluish  tint,  and  is  11  feet  in 
thickness.  !Masses  of  sulphate  of  barytcs,  often  in 
regular  crystals,  are  found  in  these  beds,  particularly 
in  the  latter. 

The  earth  is  prepared  by  baking,  or,  where  fuel  is 
scarce,  by  heatmg  in  the  s\m ;  it  is  then  thrown  uito 
cold  water,  when  it  falls  into  powder.  The  separa- 
tion of  the  fine  from  the  coarse  powder  is  effected  by 


the  simple  but  beautiful  operation  of  washing  over 
(as  described  under  Emery,  p.  594),  three  or  four 
tubs  being  used  for  the  purpose.  The  different  kinds 
of  earth  thus  obtained  are  used  for  cleansing  fine  or 
coarse  cloth. 

FULLING.     See  Hat— Wool. 

FULIMINATING  POWDER.  This  may  be  pre- 
pared in  various  ways ;  as  for  example : — a  mixture 
of  3  parts  nitre,  2  of  dry  carbonate  of  potash,  and  1 
of  sulphur,  forms  a  fulminating  powder,  a  small  por- 
tion of  which  placed  on  a  metal  plate,  and  heated  to 
about  330°  will  blacken,  fuse,  and  explode  with 
violence  in  eonsequeuee  of  the  rapid  action  of  the 
sulphur  upon  the  nitre,  and  the  sudden  evolution  of 
nitrogen  and  carbonic  acid,  the  residue  being  chiefly 
sulphate  of  potash.  The  fulminating  powder  used  in 
percussion  caps  is  prepared  from  Meecury,  and  will 
be  described  under  that  head.  Fulminating  powders 
from  Gold,  Silver,  and  Platinum  will  be  noticed  in 
the  articles  on  those  metals. 

FULMINIC  ACID.  An  acid  existing  in  certain 
fulminating  compounds :  it  has  not  yet  been  isolated : 
it  will  be  noticed  in  the  description  of  the  process  for 
preparing  fulminating  powder  under  the  ai'ticle 
Mercury. 

FUMIGATION  is  an  application  of  vapours  or 
fumes  for  the  purpose  of  getting  rid  of  unpleasant 
or  unwholesome  smells.  By  the  old  method,  vapour 
of  hot  vinegar,  aromatic  pastiles,  and  vegetable  mat- 
ters, the  smoke  of  burning  brown  paper,  burnt  fea- 
thers, tobacco,  &c.  were  supposed  to  be  effectual ; 
and  one  or  other  of  these  substances  is  still  occasion- 
ally  employed;  but  in  all  these  applications  little 
more  is  done  than  to  substitute  one  bad  smell  for 
another,  by  over])Owering,  not  displacing  or  destroy- 
ing the  bad  or  dangerous  odour;  and  in  the  case 
of  tobacco,  its  reputed  purifying  and  antiseptic 
properties  furnish  an  excellent  excuse  to  those  who 
have  the  misfortune  to  smoke,  of  rendering  the  house 
always  unpleasant,  and  not  at  all  more  free  from 
infection.  The  only  efficacious  kinds  of  fumigation 
are  by  means  of  gases  which  decompose  the  miasmata 
or  fumes,  and  convert  them  into  innocuous  com- 
pounds :  such  gases  are  sulphurous  acid,  mm-iatic 
acid,  nitrous  acid,  and  chlorine ;  the  last  named,  either 
in  its  free  state  or  in  combination  with  lime,  or  soda, 
being  incomparably  the  most  convenient,  efficacious, 
and  powerful.     [See  CnLORiNE.] 

Sulphurous,  and  the  other  gaseous  acids,  are  sup- 
posed to  perform,  indirectly,  important  service  in 
maintaining  a  large  city  like  London  in  a  healthy 
condition.  The  products  of  the  combustion  of  coal 
may  operate  in  checking  the  spread  of  malignant 
diseases ;  the  maunfactories  of  chloride  of  lime  and 
other  chemical  works  may  also  be  of  use,  although 
the  benefit  derived  from  them  is  seriously  counter- 
acted by  trades  which  deal  largely  in  the  conversion 
of  refuse  animal  matters ;  and  were  it  not  for  the 
sewerage  of  London  (imperfect  though  it  be)  and  the 
water  companies,  the  effects  of  our  large  consumption 
of  animal  food,  and  the  presence  of  slaughter-houses 
in  every  parish,  would  be  more  severely  felt.     In 
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times  of  plague  and  other  pestilence  the  vicinity  of 
smelling  furnaces  was  formerly  resorted  to  as  being 
least  liable  to  infection,  the  sulphurous  and  other 
acid  fumes  acting  as  disinfectants. 

The  theory  of  infection  and  contagion  is  very 
imperfect,  and  therefore  the  mode  of  action  of  dis- 
infectants must  be  equally  so.  TVe  are  ignorant  of 
the  influence  and  production  of  malaria,  of  marsh 
nuasrna,  and  other  poisonous  exhalations  of  organic, 
but  chiefly  of  vegetable,  origin,  which  pimlit .  I'l  it 
extraordinary  disease  the  ague,  or  intermit; i. 
One  of  the  most  remarkable  properties  of  s^  h  i  < 

of  infectious  matter  is  its  permanency,  rct:ii:.  n;-,  ,:^ 
it  frequently  does,  its  peculiar  powers  for  a  long,  if 
not  for  an  iudefiuite,  period.  Of  this,  the  preservation 
and  transmission  of  dried  variolous  and  vaccine  matter 
is  a  familiar  example.  Professor  Brande  states,  that 
"  the  infection  of  scarlet  fever  is  sometimes  retained 
for  weeks  and  mouths  by  articles  of  wearing  apparel ; 


ilignant  form  of  that  disease 

-.as    I'.iiiiigated  -ndth 

air  of  furni- 

iri,  with  the 

1  the  appearance  of 
the  disease,  after  a  period  of  two  months,  was  pro- 
bably attributable.  Blankets  and  woolien  goods  seem 
especially  retentive  of  such  poisons,  and  in  aU  doubt- 


.e  instance,  after  a  n 
had  prevailed  in  a  linu 
chlorine  and  whitewas', 
ture  and  clothing  c\v..,. 
exception  of  a  handknv 
dentally  overlooked,  ai 


ful  ct 


a  be  burned." 


In  ISij  Dr.  Fai-aday  was  employed  to  fumigate  the 
Tcnitcntiary  at  ilillbank,  London.  The  space  re- 
quiriug  fumigation  amounted  to  nearly  2,000,000 
cubic  feet,  and  the  surface  of  the  walls,  floors,  ceilings, 
&c.,  was  about  1,200,000  square  feet.  This  surface 
was  principally  stone  and  brick,  most  of  which  had 
been  lime-washed.  The  fumigation  was  performed 
by  means  of  chlorine  generated  in  the  following  man- 
ner. A  quantity  of  salt  in  powder  was  mixed  with 
an  equal  weight  of  black  oxide  of  manganese,  and 
upon  this  mixture  was  poured  a  cold  solution  of 
2  parts  of  sulphuric  acid  and  1  part  water.  The  acid 
and  water  were  mixed  in  a  wooden  tub,  the  water 
being  first  put  in,  and  it  being  more  convenient  to 
measure  than  to  ^xigh  the  water  and  acid,  10  mea- 
sures of  M-ater  and  9  of  acid  were  used  :  half  the  acid 
was  added  first,  the  remainder  being  added  when  the 
mixtuic  was  cold.  3^-  lbs.  of  flic  mixture  of  salt  and 
manganese  were  put  into  a  eonimon  red  earthen  pan, 
of  the  capacity  of  about  a  gallon,  to  which  a  measiu'c 
equal  to  4ilbs  of  the  dduto  acid  was  added:  the 
mixture  was  then  well  stirred  and  left  to  itself.  A 
number  of  these  pans,  each  containing  a  similar  dose, 
being  thus  arranged,  all  the  apertures  were  closed, 
and  as  the  action  did  not  connnence  immediately,  the 
operator  could  pass  from  pan  to  pan  without  incon- 
venience from  the  suffocating  fumes  of  chlorine. 
On  entering  a  gallery  150  feet  in  length,  a  few 
minutes  after  the  mixtm-e  had  been  made,  the  general 
dilTusion  of  chlorine  was  evident ;  in  half  an.  hour  it 
was  often  almost  impossible  to  enter,  and  frequently, 
on  looking  along  the  gallery,  the  yellowish  green  tint 
of  the  gaseous  atmosphere  co;dd  be  perceived.     Up 


to  the  fifth  day  the  colour  of  the  chlormc  could  gene- 
rally be  observed  in  the  building  :  after  the  sixth  day 
the  pans  were  removed,  though  sometimes  with  diffi- 
culty, and  the  gaUery  thus  fumigated  had  its  windows 
and  doors  thrown  open.  The  charge  contained  in 
each  pan  was  estimat,ed  to  yield  about  5  J  cubic  feet 
of  chlorine:  in  fumigating  the  space  of  2,000,000 
cubic  feet,  about  700  lbs.  of  common  salt  and  the  same 
of  bl.ack  oxide  of  manganese  were  employed,  yielding 
I'l  a:  1,710  cubic  feet  employed  to  disinfect  this 
In  ordinary  cases  Dr.  Faraday  conceives  that 
■  to  i  this  quantity  of  chlorine  would  sufEce. 
I  IN. \  EL,  a  hollow  conical  vessel,  with  a  small 
pipe  issumg  from  its  apex,  used  for  conveying  fluids 
into  vessels  of  small  apertures  :  it  is  also  of  use  in 
filtering.  [See  Filtr.<.tion.]  For  domestic  purposes 
funnels  may  be  made  of  copper,  pewter,  or  tin-plate ; 
but  in  the  laboratory  no  funnel  made  of  a  material 
likely  to  be  corroded  by  acids  or  alkalies  siinuid  be 
aUowcd :  the  fuimels  should  be  of  glass,  earthen,  or 

FUR,  a  material  for  warm  clothing,  largely  required 
by  the  inhabitants  of  cold  countries,  where  it  is  also 
most  richly  supplied ;  for  it  consists  of  the  skins  of 
such  animals  as  are  covered  for  their  own  protection 
with  thick,  soft  hair ;  and  the  colder  tl 
more  abundant  the  provision  thus  n 
The  skins  taken  from  these  atiir.ia'  , 
prepared  on  the  inner  side,  a:  ■  ' 
often  very  beautiful,  and  foiia 
description  of  clothhig  which  •-.■  ' 
climates.  lu  the  prepared  state,  the  s 
fur ;  but  without  any  preparation,  they  go  by  the 
commercial  name  oi  pcltr?/. 

The  extensive  and  abuost  universal  employment  of 
fur  as  an  article  of  dress,  during  our  own  compara- 
tively mild  winters,  will  give  some  idea  of  the  demand 
for  tins  material  in  less  favoured  climates.  In  Russia, 
Poland,  East  Prussia,  Hungary,  Bohemia,  Saxony,  &c., 
landjs'  skins  constitute  an  essential  part  of  the  dress 
of  thousands  among  the  lower  classes,  and  the  skins 
of  various  other  animals  may  also  be  considered  as 
articles  of  absolute  necessity.  The  priucipal  con- 
sumption of  the  more  beautifid  and  costly  fiu-s,  which 
rank  as  articles  of  fashion  and  luxury,  is  in  China, 
Turkey,  Russia,  and  England. 

So  early  as  the  sixth  century,  the  skins  of  sables 
formed  an  article  of  fashionable  attire  at  Rome,  and 
were  brought  from  the  confines  of  the  Arctic  Ocean, 
at  great  cost,  to  supply  the  demaud  of  that  wealthy 
capital.  Several  centuries  elapsed,  however,  before 
Western  Europe  sought  after  a  .similar  luxury.  The 
traders  of  Italy  brought  a  considerable  supply  to 
England  in  the  tune  of  Edward  UI. ;  so  much  so, 
that  the  monarch  thought  fit  to  prohibit  their  use, 
exce])t  among  the  wealthier  classes. 

The  Canadian  fur  trade  was  commenced  by  the 
French,  soon  after  their  settlement  on  the  St. 
Lawrence,  and  was  at  first  extremely  profitable, 
because  the  Indians,  unconscious  of  the  worth  of 
the  skins,  wo\dd  readily  exchange  them  for  beads, 
nads,  hatchets,  trinkets,  and    other  articles  of  in- 


;e  country,  the 
ade  for  them. 


■e  called 
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adequate  value.  At  lirst  there  was  also  au  almost 
uulimited  supply  ;  but  wheu  the  hunting-grounds  in 
the  neighbourhood  of  the  Eui-opean  settlenieuts  bi- 
came  exhausted,  louger  journeys  -were  ncecssary,  and 
various  settlers,  under  the  name  of  coiirairs  des  bois, 
or  wood-rangers,  made  excursions  to  more  distant 
hunting-grounds,  sometimes  remaining  there  for  many 
months,  adopting  the  habits  of  the  Indians,  and 
forming  coimexious  with  them.  But  the  measure  of 
sueoess  attending  this  branch  of  traffic  soon  brought 
other  speculators  into  the  field.  A  company  was 
formed  in  London,  and  chartered  by  Charles  II.  in 
1670,  for  the  purpose  of  trading  in  fur  with  tlie 
Indians  inhabiting  the  region  to  the  north  and  west 
of  Hudson's  Bay,  and  hence  called  the  Hudson's  Bay 
Company.  This  association  became  prosperous, 
founded  many  establishments,  and  carried  on  its 
trade  with  success  for  more  than  a  century.  It  then 
met  with  a  powerful  competitor  in  a  new  company, 
consisting  of  wealthy  and  influential  British  settlers 
in  Canada,  and  others,  who  recognised  no  exclusive  ^ 
right  in  the  Hudson's  Bay  Company  to  trade  in  a 
particular  region ;  the  charter  granted  to  them  never 
liaving  been  couOrmcd  by  Act  of  Parliament.  This 
second  company  (called  the  North-west  Company) 
carried  on  its  affairs  with  great  spii-it  and  energy, 
having  its  chief  establishment  at  Montreal,  but  trading 
upwards  of  four  thousand  miles  further  to  the  north- 
west. Where  these  companies  came  in  contact,  ani- 
mosities arose,  wliich  occasionally  led  to  the  com- 
mission of  actual  violence  between  the  servants  of 
each.  After  a  long  course  of  dissention,  the  two 
companies  at  length  united  into  one  powerful  body, 
under  the  name  of  the  Hudson's  Bay  Fur  Company, 
which  now  engrosses  the  principal  part  of  the  fur 
trade  of  British  America.  The  Indian  trade  of  the 
great  lakes  and  the  Upper  Mississippi  is  principally 
enjoyed  by  the  North  American  Fur  Company,  whose 
chief  establishment  is  in  New  York.  But  we  are 
told  that,  with  the  exception  of  the  musk-rat,  most  of 
the  fur-bearmg  animals  are  exterminated  in  the  vicinity 
of  the  lakes. 

A  large  supply  of  furs  is,  therefore,  received  through 
the  Hudson's  Bay  Company,  whose  immense  hunting- 
grounds  afford  a  varied  and  almost  endless  amount  of 
valuable  skins,  and  whose  possessions,  or  the  lands 
over  which  they  claim  control,  extend  to  nearly  one- 
eighth  of  the  habitable  globe.  The  great  fur-sales  of 
this  company  are  held  in  London  every  year,  during 
the  month  of  March,  and  attract  great  numbers  of 
foreigners.  Through  their  means  the  greater  part  of 
the  furs  destined  for  the  Continent  find  their  way  to 
the  great  fair  at  Leipsic,  whence  they  are  distributed 
throughout  Europe.  In  former  days,  the  beaver  was 
one  of  the  most  valuable  furs  of  this  company ;  but 
it  is  of  far  less  importance  at  the  present  time,  because 
the  principal  use  to  which  it  was  applied,  in  the 
manufacture  of  hats,  is  now  greatly  dimmished.  But 
by  a  new  process,  and  by  the  application  of  an  in- 
genious machine,  the  skin  of  the  beaver  is  now  cut, 
and  converted  into  a  handsome  fur  for  ladies'  use. 
There  has  abjo  been  a  suecessfid  attempt  to  employ 


its  fine  silky  wool  for  weaving 
of  the  black  and  silver  fox  is 
Russian  and  Chinese  markets,  s 


purposes.  The  skin 
highly  prized  in  the 
nd  is  the  most  valu- 
able of  that  family  ;  but  the  red  fox  is  also  used  by 
the  Chinese,  Persi:uis,  Greeks,  &c.,  as  linings  aud 
trimmings  for  robes,  which  are  ornamented  in  spots 
or  waves  with  the  black  fur  of  the  paws  of  the  same 
animal.  The  white  and  blue  fox  is  also  used  for 
ladies'  wear.-  The  finest  raccoon  furs  are  also  tlie 
produce  of  North  America.  They  are  extensively 
used  in  Russia  and  throughout  Germany,  as  a  lining 
for  gentlemen's  coats,  the  darkest  skins  being  pre- 

The  Hudson's  Bay  martin,  or  sable,  is  a  valuable 
and  useful  fur,  and  is  used  in  large  quantities  in  this 
country,  and  in  France  and  Germany.  So  is  also  the 
mink,  which  is  exclusively  the  produce  of  that  com- 
pany's possessions  and  of  North  America.  The  fur 
of  the  wolf  is  also  used  in  cold  countries  for  cloak- 
Unings,  coverings  of  sleighs,  &c.  The  soft,  wann, 
and  light  fur  of  the  lynx  is  also  in  much  request  for 
linings,  &c.  In  its  natural  state  it  is  greyish-white, 
with  dark  spots ;  but  to  prepare  it  for  certain  markets 
it  is  dyed  of  a  beautiful  glistening  black.  The  heavy 
fur  of  the  sea-otter  is  of  great  commercial  value,  and 
is  said  to  be  the  royal  fur  of  China.  It  is  worn  by 
officers  of  state,  mandarins,  and  other  important 
persons  :  it  is  also  held  in  great  esteem  in  Rxissia  for 
facings,  trimmings,  collars,  &c.  of  gentlemen's  dresses ; 
but  it  is  unfit  for  ladies'  wear,  on  account  of  its  great 
weight.  The  fur  of  the  North  American  black  bear  is 
valued  for  military  purposes  at  home  and  abroad.  It 
is  formed  into  caps,  rugs,  pistol-holders,  hammercloths, 
sleigh-coverhigs,  &c.  The  fui-  of  the  brown  bear  is 
used  by  American  ladies.  The  musquash,  or  musk- 
rat,  is  also  imported  into  this  country  in  great 
numbers.  It  was  formerly  used  in  the  hat  manufac- 
ture, but  now,  with  some  preparation,  is  converted  to 
the  ordinary  purposes  of  fur.  The  Hudson's  Bay 
otters  are  chiefly  procured  for  Russia  and  Greece, 
where  they  are  used  for  caps,  collars,  &c. 

Important  as  is  the  trade  thus  carried  on  with  the 
New  World  for  the  furs  of  her  northern  countries, 
yet  there  are  some  furs,  and  those  the  most  costly, 
and  highly  esteemed  among  ourselves,  for  which  we 
are  indebted  to  Northern  Europe  and  Asia,  the  great 
trade  in  them  being  carried  on  by  Russia.  The 
ermine  is  one  of  these,  a  fur  which  is  produced  in 
many  countries,  but  only  in  perfection  in  Russia, 
Sweden,  and  Noi-way.  The  animal  producing  it  is 
the  stoat  or  weasel  of  southern  climates,  but  its 
peculiar  value,  in  this  instance,  arises  from  a  provi- 
sion of  nature,  by  which  the  animal  becomes  pure 
white  in  winter,  in  those  snow-covered  regions,  where 
it  would  otherwise  be  exposed  more  clearly  to  the 
~"  '       therefore,  must 


be  souglit  and  killed  iu  vviulcr,  to  produce  llio  cele- 
brated fur,  wliicli  is  the  royal  fur  of  England,  as  it 
is  also  of  llussia,  Germany,  Spain,  Portugal,  &c. 
The  tail,  alone,  of  the  auunal  is  jet  black  at  the  tip, 
and  this,  in  ordinary  wear,  is  inserted  at  intervals  m 
the  fur,  as  an  ornameut.  There  is  no  restriction  on 
the  wearing  of  this  fur  iu  England  at  the  present  day, 
but  ill  the  reign  of  Edward  III.  it  was  expressly 
forbidden  fo  all  but  the  royal  family  (a  similar  prohi- 


judgcs,  &o.  The  sovereign,  and  niembers  of  the  royal 
famdy  can  alone  wear  ermine  trimmings  to  their  robes 
of  state,  in  which  the  fur  is  spotted  all  over  with  black 
— a  spot  in  about  every  square  iiieh  of  the  fur. 
These  spots  are  not  formed  of  the  tail  of  the  ermine, 
but  of  the  paws  of  the  black  Astraean  lamb.  Peer- 
esses wear  capes  of  ermine,  in  which  the  spots  are  ar- 
ranged iu  rows,  the  number  of  rows  denoting  their 
degrees  of  rank.  Peers  wear  robes  of  scarlet  cloth 
trimmed  with  pure  white  ermine,  without  any  spots. 
But  the  number  of  rows  or  bars  of  pure  ermine  iu 
this  case,  also  denotes  the  rank.  The  robes  of  judges 
are  also  scarlet  and  pure  white  ermine.  In  heraldic 
language,  this  fur  is  called  m'mn-er. 

The  ermine  is  a  small  auiuial,  the  extent  of  the 
skin,  exclusive  of  the  head  and  tail,  not  being  above 
ten  or  twelve  inches.  The  best  fur  is  furnished  by 
the  oldest  animals,  which  are  taken  either  ui  snares 
and  traps,  or  by  shooting  at  with  blunt  arrows.  The 
skins  are  always  sold  in  lots  of  forty,  called  the 
timber. 

Next  in  value  and  general  use  are  Russian  sables, 
the  best  of  wliioh  are  extremely  costly  and  beautiful. 

These  are  used  for  civic  robes,  &c.,  as  tlie  ermine 
is  for  court  and  parliamentary  dresses.  The  luiing 
of  ;:  r>.1ii'  nf    I  ii!  ,  ii'  made  of  the  finest  sables,  may 

I :  i    I  :  1   guineas.     Skins  of  the  best 

qui'.  I!  ':  M  i  i'V  tlie  Samoieds,  and  iu  Yakutsk, 
Kai,i..!i  .;k:,,  .v.l  Kiissian  Lapland.  The  length  of 
the  animal  (wliicli  liy  some  naturalists  is  considered 
to  be  a  variety  of  the  pme-marten)  is  from  eighteen 
to  twenty  inches.  The  darkest  iu  colour  are  cousi- 
dercd  the  most  valuable.  The  produce  of  Rnssia  in 
these  costly  and  beautiful  skins,  is  about  twenty- 
five  thousand  annually.  The  tails  of  sables  are  used 
in  the  manufacture  of  artists'  pencils  or  brushes.  A 
great  quantity  of  mink-sable,  which,  as  we  have 
said,  is  exclusively  the  produce  of  the  Hudson's  Bay 
Company's  possessions,  is  sold  to  the  inexperienced 
as  real  Russian   sable.     There  is  an  inferior  sable 
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Tartar  sable,  which  is  procured 

miim.il  hflongs  to  the  weasel  tribe, 

'      -     .   colour.     This  fur,  wheu 

•'■  •  i|';r  sables,  but  it  is  also 


called  Kollnski 
from  KusM,.    Tl 


produce  of  that  ci^n.  i.  l''i'  •  !  n  ■'  \  '  iI'huI, 
twenty-three  millions  <!'  ;.iii- ;iiii!u;ill;> .  TM-  (•  mitry 
alone  received  from  llinicc,  during  the  year  ISjO, 
upwards  of  two  million  skins.  The  back  of  the  grey 
squirrel  is  most  in  request,  but  the  white  portions, 
from  the  belly  of  the  same  animal,  are  also  largely 
used  for  linings,  &c.  The  favourite  Weisenfels  cloak- 
lining  is  made  from  the  white  part  of  the  dark  blue 
squirrel,  and  is  so  extremely  light,  that  the  lining  for 

a  full-sized  cloak  do;>    v.    i   «'  i^l,  ;,:■     rihr,   ^^uui.rrs. 


It  i: 


Russia  are  celebmlr^ 
can  lamb,  which  is  Ii 
is  said  to  be  obtaim 
parent  sheep  bcini; 
Persian  grey  and  bl 


umal  i: 


is  born,  that  the  small  curls  wluoh  cover  the  skui  may 
not  expand.  The  national  dress  of  Hungary  is  made 
of  the  lambs'-skins  of  tliat  country,  worn  iu  summer 
with    the   far  outside,    in    winnn     lii;'     li'ir-'       The 

skin  is  tanned  in  a  j.  .  ,    -i      i  I  ne- 

cordiug  to  the  fauey .  :  ',        !  -      .rlri 

worn  by  Spaniards,  is  nl  I  ii;',-'  ;,n;,  .;>  n;;,,!  .,1  \ii(li 
fiUigree  silver  buttons. 

The  skins  of  hares  and  rabbits  are  used  in  common 
with  beaver  and  nutria  (or  coypou)  skins  for  felting 
purposes;  they  are  also  dressed  rnnl  dved  for  ennvor- 
siou  to  various  other  uses.    R;;!  '  '  ''  !    in(o 

a  cloth  for  ladies' use ;  the  slur-    .  ;.of 

rabbit  are  mueh  cn.ployed  for  I  „  ,   .      ,       1 1,   skin 

0fthe\vbilrP..l:    l,,.l.-:,|--,i:  .  :       :    MlIc 

forernun.s       i    .       ;  .Imr 

to    LilKsai;    '  ■!.       ksi     1,   .••'.—,.,    .  '.     ..:lirr 

parts  of    fllr  r.,  ,l||,t|y,    | -,    r ,  ■,    ,  I       '    -i    i  'kina 

and  Russia,  where  it  is  in  grr-i  I    .     ^rs 

a  high  price.  It  has  been  rr,,  :;  i  s  .i  [  unnr 
feature  of  the  fur-trade,  that  ali,,  :  .  .>  ;  ,  •  nnliy 
or  city  which  produces  and  expoiu  lui.-.,  ii.i|ii.ils  and 
consumes  the  fur  of  some  other  place  frequenlly  the 
most  distant.  An  article  is  seldom  consumed  in  the 
country  where  it  is  produced,  but  is  eagerly  sought 
after  in  another  quarter  of  the  globe.  A  suit  of 
English  silver-grey  rabbit  is  rarely  seen  here,  and 
when  exliibited,  is  far  from  securing  the  adrnkation 
which  it  meets  with  in  China. 

Other  skins  in  less  general  use  are  the  chin- 
chilla, introduced  about  fifty  years  since  from  South 
America,  where  it  is  exclusively  found ;  the  fur  seal, 
divested  of  its  long  coarse  hair,  and  retaining  the 
curly,  silky,  yellow  down,  which  when  dyed  of  a  rich 
brown  colour,  supplies  a  fur  of  velvet-like  softness ; 
the  tiger,  used  to  cover  seats  of  justice  in  China,  and 
also  employed  for  rugs,  &c. ;  the  leopn  !.  ••.■••n  as  a 
mantle  by  the  Hungarian  nobles  v.ho  form  the  royal 
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body-guard;  used  ako  as  an  officer's  saddle-cloth  by 
some  of  our  own  cavalry  regiments ;  the  Angora 
goat,  whose  long  silky  coat  once  formed  a  costly 
article  of  ladies'  wear,  but  is  now  of  small  value,  and 
is  chiefly  used  for  carriage  and  drawing-room  mats 
and  rugs ;  buffalo  skins,  which  have  been  of  late  years 
much  used  in  Eui-ope  as  robes  and  wrappers  in  severe 
climates ;  the  cat,  which,  when  bred  for  the  pui-pose, 
as  it  is  largely  in  Holland,  supplies  a  useful  and  very 
durable  fur. 

Substitutes  for  fui'  have  been  found  iu  the  plumage 
of  birds ;  thus  swan's-down,  goose-down,  egret-down, 
and  the  silvery  plumage  of  the  grebe,  are  convertible 
to  ladies'  use.  The  down  from  the  bird  called  the  egret 
is  so  rare  and  costly  that  only  a  few  sets  have  been 
made  during  a  century,  one  of  the  last  having  been 
fabricated  in  Paris  for  the  Great  Exhibition  of  1S51. 

The  dressing  or  preparing  of  furs  for  use,  is  a  very 
simple  operation  when  the  furs  are  to  remain  on  the 
original  felt,  and  to  be  worn  as  garments,  trimmings, 
&c.  In  early  times,  the  skins  were  worn  nearly  in 
the  state  in  which  they  were  taken  from  the  animals, 
but  as  the  wearing  of  fur  gradually  became  a  matter 
of  fashion,  instead  of  a  mere  matter  of  convenience 
or  necessity,  so  the  preparation  of  it  was  more  care- 
fully attended  to.  The  first  process  belongs  to  the 
hunter,  who,  on  capturing  a  fui--bearing  animal,  strips 
off  the  skin,  and  hangs  it  up  to  dry  in  the  open  aii-, 
or  in  a  cool  room  \vithout  a  fire.  If  the  skin  be  well 
dried,  and  carefully  packed,  it  reaches  its  destination, 
however  distant,  in  excellent  condition;  but  if  any 
moisture  be  left,  or  if  it  be  packed  with  skins  less  care- 
fully dried,  so  that  the  slightest  degree  of  putrefaction 
takes  place,  then  the  fur  is  unfit  for  use,  so  far  as  the 
furrier  is  concerned.  A  minute  examination  of  the 
skins  is  therefore  his  first  business ;  after  ■which,  his 
next  care  is  to  cleanse  them  from  greasiness,  by 
steeping  the  skins  in  a  liquid  containing  bran,  alum, 
and  salt,  and  then  working  and  scorning  them  in  the 
same.  But  this  process  does  not  entirely  remove  a 
kind  of  oil  which  is  found  in  the  fur  itself.  This  is 
removed  by  an  application  of  soda  and  soap.  EinaUy, 
the  skin  is  washed  in  clear  water  and  dried,  the  pre- 
vious treatment  having  effected  a  kind  of  taiming 
process,  and  converted  it  into  thin  leather,  adapted  to 
be  cut  up  into  articles  of  dress.  The  cutting  up  of 
the  skins  requires  some  judgment,  to  avoid  waste.  It 
is  well  known,  tliat  the  fur  of  an  animal  is  scarcely 
ever  of  the  same  coloui-  all  over  the  surface,  the  back 
usually  presenting  the  darkest  and  richest  colour, 
and  the  under  parts  a  much  hghter  hue.  In  cutting 
out  material  for  muffs,  mantles,  &c.,  the  same  harmo- 
nious colour  is  required  throughout,  therefore  the  best 
portions  of  several  skins,  corresponding  in  quality 
and  colour,  must  be  selected,  and  the  rest  refused. 
But  this  refuse,  if  not  cut  to  waste,  is,  equally 
available  for  making  articles  of  a  less  costly  descrip- 
tion, and  the  skill  in  joining  these  pieces,  even  to  the 
smallest  portion,  so  that  they  shall  appear  as  one 
skui,  is  not  a  little  remarkable.  Many  a  lady,  on 
naving  her  furs  fresh  lined  under  her  own  superin- 
tendence, has  viewed,  with  surprise  approaching  to 


dismay,  the  elaborate  patch-work  which  the  skijis 
present  on  their  inner  side. 

Skins  that  are  to  be  used  in  felting,  as  hare,  rabbit, 
beaver,  nutria  skins,  &c.,  undergo  a  longer  process. 
Hares'  fur  is  first  cleaned  on  the  outside  with  a  tool 
caUed  a  rake,  then  damped  on  the  inside,  and  several 
pressed  together  to  remove  creases.  Next,  the  longer 
portion  of  the  hair,  which  has  no  felting  property,  is 
carefully  sheared  off  without  injuring  the  soft  tliick 
fur  beneath.  The  skin  is  then  stretched  out  on  a 
cutting-board  made  of  willow,  and  kept  damp.  A 
knife  about  sk  inches  long  by  three  broad  is  then 
applied  iu  the  dii-ection  the  fur  naturally  lies,  and 
gradually  removes  it  from  the  pelt  in  a  light  fleecy 
mass.  In  preparing  rabbit-skin,  the  long  hair  is 
pulled  out  by  a  short  knife,  the  thumb  of  tlie  ope- 
rator being  protected  by  a  leather  shield.  The  skiu 
also  requires  careful  cleaning,  on  account  of  its 
greater  greasiness.  The  inner  cuticle  is  stripped  off, 
and  the  surface  beneath  it  rubbed  with  whitening. 

A  somewhat  similar  process  is  adopted  with  beavers' 
skins,  which  are  so  full  of  grease,  that  nothing  but  a 
thorough  scorning  with  fuller's  earth  and  whitening 
will  bring  them  into  condition.  In  these  also  the 
long  hairs  are  removed  by  pulling  out ;  the  under  fur, 
however,  is  not  removed  by  hand.  A  machine  has 
been  contrived,  by  which  a  broad  and  sharp  blade,  of 
the  full  width  of  the  skin,  falls  rapidly.and  with  a  chop- 
ping action,  near  the  edge  of  another  blade  beneath. 
The  skin  is  fastened  to  a  part  of  tlie  machine  which 
draws  it  between  the  blades  from  end  to  end,  and  as 
it  passes  along,  the  fm-  is  completely  cropped  from 
the  pelt  without  any  injuiy  to  the  latter.  Palling  on 
an  endless  apron,  the  fur  is  removed,  and  transferred 
to  a  large  chest,  where  it  is  powerfully  acted  on  by 
a  fan,  which  revolves  two  thousand  times  in  a  minute, 
carrying  the  fur  along  a  hollow  cylinder  or  channel 
fifty  feet  long.  As  it  passes,  the  fur  becomes  sepa- 
rated into  different  qualities,  simply  by  its  own 
specific  gravity.  The  largest  and  ccarsest  hairs  fall 
first,  the  next  further  on,  and  so  on,  the  finest  being 
carried  to  the  extreme  end.  The  pelt  of  the  beaver 
is  very  smooth  and  uniform,  therefore  the  fur  can  be 
conveniently  removed  by  the  above  machine ;  but  for 
other  and  less  regular  skins,  it  is  found  inapplicable. 
Nutria  skins  are  subjected  to  thorough  washing  and 
purification  with  soap  and  boiling  water,  being  full  of 
fat  and  oily  matter.  These  skins  resemble,  in  some 
degree,  those  of  the  otter;  and  in  fact,  the  name 
commercially  given  to  them  is  derived  from  the 
Spanish  word  for  "  otter."  Several  other  kinds  of  fur 
have  been  turned  to  felting  purposes  with  inferior 
effect,  such  as  the  fur  of  the  mole,  musk-rat,  seal,  and 
otter.  The  felting  property  can  be  mcreased  by 
wetting  the  skm  on  the  inner  side  with  dilute  sul- 
phuric acid,  while  yet  the  fur  remains  upon  it,  and 
then  quickly  drying  it  near  the  fire,  or  by  passing  a 
hot  iron  over  it.  This  process  is  called  carrotting, 
from  the  colour  it  imparts  to  the  fur.  [See  ArPENuix.] 

EURNACE,  (Latin,  foniax,)  an  enclosed  fire, 
differing  from  the  common  grate  in  the  mode  by 
which  the  draught  is  supphed  :  for  while  in  the  com- 


mon  gi-ate  tlie  air  rushes  in  througli  the  front  as  well 
as  the  bottom  bars,  it  is  supplied  in  the  furnace  at  the 
bottom  only,  and  that  with  considerably  increased 
velocity  compared  with  the  common  giate. 

Numerous  forms  of  fui-uace  aic  employed  in  the 
Useful  Ai-ts :  some  of  them  have  already  bccu  de- 
scribed; others  will  be  noticed  hereafter.  lu  the 
laboratory  "  there  is  scarcely  any  Umit,"  as  Dr. 
Faraday  remarks,  "  to  the  number  of  furnaces  that 
have  been  contiived  as  particularly  adapted  either 
for  special  or  general  uses ;  all,  no  doubt,  were  good 
at  the  tunc  they  were  devised,  and  superior,  for  some 
reason  or  othci,  to  flioso  which  had  preceded  them; 
but  the  thaiaoter  of  chemical  operations  has  changed 
so  much  as  to  render  many  of  these  contiivauces  use- 
less, or  of  little  importance,  and  eaeli  person  is  now 
left  to  select  those  which  are  most  agreeable  to  him- 
self, as  arcoidmc;'  best  with  either  his  notions  or 
modes  of  e\pinriieiitiug."  The  general  working  fur- 
nace of  llie  Lilimatdiy  is  thus  described  by  the  same 
cscellcut  aulhoiit}  . — "Its  use  is  paitly  domestic, 
partly  chemical ;  for  it  has  to  warm  and  air  the  place 
occasionally,  to  heat  water,  as  well  as  to  supply  the 
means  of  laisin;^  a  rrucihlc  to  ignition,  or  of  airuidmg  ^ 


with  movable  bars :  every  pai't  exposed  t 
fire  should  be  fonned 
of  the  most  refractory 
bricks.  When  a  very  stroug 
heat  is  required,  the  ah- 
should  be  conveyed  by  pipes 
from  the  exterior  .to  the  ash- 
pit. In  the  figure,  a  cru- 
cible is  shown  as  placed  in 
the  furuace  :  the  fuel  used 
is  coke,  or  a  mixtui'e  of 
coke  and  charcoal. 

The   small   hlasl-fnri,ace 
represented   in    Fig.  1010 
ibcd  by  Dr.  Faraday 


the  0 


a  the  1, 


ratoiy  of  the  Eoyal  Insti- 
tution. The  exteiior  con- 
sists of  a  blue  pot,  18  inches 
high,  and  13  inches  in  ex- 
ternal diameter  at  the  top. 
A  small  blue  pot,  1\  inclics 
internal  diameter,  had  the 


f^  pre 


•at    ( 


zcntally  fu    .         I 

The  fire-plau   I  !.  i i,.l  ,iul  .ul  lu.^i.,!  ....h  a 

large  plate  of  cait-iiou  of  fiom  2  tu  o  ktt  in  wijlli : 
this  is  formed  in  the  middle,  over  the  heated  pait, 
into  sand-baths,  a  round  movable  one  o\cr  the  fire 
itself,  and  a  long  fixed  one  over  the  flue.  The  sand- 
baths  supply  every  gradation  of  heat,  from  dull  red- 
ness, if  required,  down  to  a  tempeialure  of  100°,  or 
lower ;  whilst  on  each  side  of  them  exists  a  level  sm'- 
facc  which  answers  every  purpose  of  an  ordmary 
table,  and  supplies  extraordinary  facUitios  to  expeii- 
ments  going  on  in  the  sand-bath  or  furuace.  Nor  aic 
these  advantages  gamed  by  any  serious  sacrifice  of 
heating  power  in  the  furnace  itself,  for  it  is  easy  so  to 
construct  it  as  to  make  its  ordinary  combustion  not 
moie  rapid  than  that  of  a  common  fiie,  and  yet,  by 
closing  the  fire-door  and  opening  tlie  ash-pit,  to  obtain 
a  heat  that  will  readily  melt  gold,  sUver,  or  cast- 


by  11 


The  above   description 
icind-furnace,  in  which  the 
all  the  purposes  to  whicli  : 
without  the  use  of  bellows, 
draught,  dependent  on  n  n 
considerable  elevation      I 
of  the  small  wind-funi  n  < 
who  melt  metal  in  pot^       i 
nected  with  and  projccliiii; 
should  be  of  such  a  height 
to  look  in  to  it  on  laising  tlic  c( 


of  furnace  is  properly  a 
temperature  required  for 
it  is  applied,  is  obtained 


a  powerful 
rhimncy  of 


nt  the  (no  being 
I  III  interval  between 
'III  h  gradually  iiicren 
ih.  upi.ui.art,  was  fill,  dv  111, 

compact  mass.     Aim 

the  fuiuace,  of  such  a      i 

the  lower  edge  of  the  inuci 

it,  therefore,  formed  the  air-chamber,  ; 

above  it  the  body  of  the  furnace. 


1  I.  .,1  a  pau-of  double  bellows.     The 

I  [(ifcctly  dry  befoie  being  used. 

I        1     ,  The  bellows  are  mounted  on  an 

iion  ri.iiiic,  anil  the  furnace  is  laised  upon  an  ium 
stool,  so  as  to  bring  the  aperture  of  the  aii  cliaiulicr 
to  a  level  with  the  nozzle  of  the  bellows.  This  fuiuace 
is  sufficiently  powerful  to  melt  pure  iron  in  a  crucible 
in  twelve  or  fifteen  minutes,  the  fire  haxing  lircn  pio- 
viously  lighted.  It  will  effect  the  fusion  of  ihodium, 
and  even  pieces  of  pure  platinum  have  sunk  fii^elhcr 
into  one  button  in  a  crucible  heated  by  it.  All  kinds 
of  crucibles,  including  the  Cornish  and  the  Hessian, 
soften,  fuse,  and  become  frothy  in  it.     Such  a  furnac* 


om   the   chimney:   it 
to  aUow  the  operator 


1  11 


should  be  12  or  15  inches  square,  and  be  fiirnishcd 
(1)  Chemical  Manipulation,  Sitt.  I. 
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FUSTIAN-FQSTIC-GAGE. 


FUSEE.     See  Horology. 

FUSIBILITY.    See  Heat-Metals. 

FUSIBLE  METAL.    See  Alloy— Bismdtu. 

FUSTIAN,  a  coarse,  thick,  tweeled  cotton,  siinflav 
in  the  mode  of  maimfaoture  to  velvet,  and  generally 
dyed  of  an  olive,  leaden,  c 
Besides  common  fustian,  (kno' 
corduro'j,  veherett,  vehcteen, 
men's  apparel,  belong  to  the 
See  Weaving. 

FDSTIC,  a  dye-stuff,  the  bois-jaune  of  the  French, 
is  tlie  wood  of  the  Morns  tinctoria,  a  large  tree  growing 
in  Brazil,  Jamaica,  and  most  of  the  West  Indian 
islands.  A  concentrated  decoction  of  fustic,  deposits, 
on  cooling,  a  yellow  crystalline  matter  named  morhie. 
1  part  of  fustic  boiled  in  10  of  water  for  15  minutes, 
■■)W  decoction,  wliicU  praduallv  deposits 


r  other  dark  colour, 
ivn  as  pillow  or  pillaic) 
and  thicksetl,  used  for 

same  class  of  fabrics. 


of  measure.  Messrs.  Stubs,  of  Warrington,  who 
manufacture  a  large  number  of  these  gages,  tested 
the  drifts  which  they  employ  by  means  of  a  sliding 
gage,  for  reading  off  quantities  to  tlie  yjiVijth  of  an 
inch,  by  means  of  a  vernier.  The  results  of  these 
admeasurements  are  stated  in  the  following  table.  It 
must,  however,  be  understood,  that  the  three  series  of 
measures  or  gages  bear  no  relation  to  each  other: 
indeed,  this  vrill  be  sufiBciently  evident  by  comparing 
the  number  on  one  gage  with  the  corresponding  num- 
ber on  the  other  two  gages :  thus,  Ko.  10  on  the  three 
gages  is  equal  to  'ISl,  -021,  and  -190,  respectively. 

VALUES  OF  GAGES  FOR  WIRE  AND  SHEET  METALS  IK 
GENERAL  USE,  EXPRESSED  IN  DECIMAL  PARTS  OF 


gives  ; 
gent  :i 


precipit^dL.,    L.:.i.,:  .   lui,  I 

yellow-bro\Mi  with  acetate  ol   i 

with  persulphate  of  iron.     A\  : 

gives  an  oraiige-eoloured  prcciii. 

of  the  acid.   It  is  reddened  bv  ni 

nc  ;.c 

d,;uulrcnac 

paler  by  oxalic  and  by  acetic 

acid. 

The  yellow 

fustic  is  said  to  produce  severa 

grec 

ns  with  iudi 

Fustic  is  admitted  into  tlie  United  Kingdoi 
of  duty. 

FUZE.    See  Mine— Quarry. 

GAGE,  or  GAUGE,  an  apparatus  for 
the  state  of  a  phenomenon ;  as  the  air-pump  ijuge, 
winch  points  out  the  degree  of  exhaustion  in  tlie 
receiver,  [see  Aik,  p.  29,]  the  wind-gacje,  [see  Anemo- 
jiETEK,]  &c.  There  are  also  various  gages  used  in 
jiarticular  trades  and  manufactures,  such  as  those  for 
measuring  wkes  and  sheet  metals  :  these  are  usually 
thick  plates  (if  iteel,  of  ijcveral  sizes  and  forms,  around 
and  ueai  \'^\<  <  ,•>  <  1  ,  '  <  h  are  diiUed  various  holes, 
with  iini.l  I  I  he  edge  into  every  hole, 

saws  oC  I '  '  M  eral  notches  being  used 

for  the  pn  I  ^         ,      i,lel  plates  of  hardened  and 

tempered  blcel,  called  drij'ls,  are  then  driven  into  the 
notches,  in  order  to  smooth  the  sides,  and  render  them 
of  uniform  width.  The  gage  used  at  Birmingham  for 
iron  wii'c,  and  for  sheet-iron  and  steel,  differs  from 
the  gage  used  for  sheet-brass,  gold,  silver,  &c. ;  and 
both  these  differ  from  the  Lancashire  gage  for  round 
steel  wire.  Tliese  gages  appear  to  have  come  into 
use  "  without  any  attempt  at  system,  either  as  regards 
the  values  of  the  intervals  between  the  successive 
measures  or  numbers,  or  their  correspondence  witli 
the  subdivisions  of  the  inch."  '  Besides  this,  gages 
noiuinally  the  same  are  made  by  different  manufac- 
turers without  a  sufficient  agreement  as  to  the  unity 


1.  The  first  colunni  of  the  table  refers  to  the  gage 
used  for  most  kinds  of  wire,  and  hence  called  the 
Wire  gage;  the  Birmingham  loire  gage,  and  the 
Sheet  iron  gage.  This  ga 
the  three  kinds  specified 
iron,  brass,  and  other  wii 
iron,  sheet  steel,  &c.,  and  also  for  sonn 
works,  including  screws  for  joiners'  us 
notch  in  this  gage,  marked  0000,  meas 
sandths  of  an  inch,  or  rather  more  thii 
an  inch  :  the  smallest  notch,  marked 
thousandths,  or  ^iuth  part  of  an  inch.  Thus  there 
are  40  terms  in  this  gage  ;  but  there  are  in  practice 
no  less  than  60  sizes  of  wire,  intermediate  ones  being 
made.  In  some  cases  the  sizes  are  retained  while  the 
numbers  are  altered ;  as  in  the  wires  drawn  for  the 
manufacture  of  needles.     No.  1  of  (he  needle  wire 


is  the  most  common  of 
the  table ;  it  is  used  for 
black  steel  wire,  sheet 
nanufactured 
Tlie  largest 
■es  454  thou- 
4  5  tenths  of 


GAGE-  GAGING. 


corros]iou(]s  with  IS.i  of  llie  Biniiiiislmm  Miro  gage  : 
No.  2  iieedle-wire  with  19  of  the  gugc ;  2^  with  19| ; 
3  with  20 ;  4  witli  21 ;  5  with  23,  and  so  on  up  to  No. 
21  needle  wire,  whicli  agrees  with  .38  of  the  g;igc. 
lu  some  cases  haK  sizes  of  hotli  scries  are  iuterpohitcd, 
and  tlie  needles  when  manufactured  are  designated 
by  another  series  of  numbers,  which  bear  no  relation 
to  citbfir  of  these  wire  sizes.  So  also  in  the  wire 
used  for  the  strings  of  piano  fortes,  the  sizes  are 
known  as  Nos.  G  to  20,  wliich  agree  very  nearly  with 
the  sizes  and  half  sizes  of  some  of  the  notches  of  the 
Birmingham  wire  gages  :  thus  the 


Hus 


imgage,  N03.2G,25J,2.i,24i,2^ 


2,14,16,18,20, 


are  respectively  alike.  The  thinnest  music  wire.  No.  6, 
measures  about  -jS^th  inch  in  diameter ;  and  No.  20, 
the  thickest,  about  ^th  inch.  Pianofortes  are 
Strang  much  licavier  than  formerly,  so  that  Nos.  1  to 
5  have  faUen  into  disuse.  Steel  wii-e  is  now  used 
instead  of  brass.  The  covered  strings  are  also  of  steel, 
with  a  fine  copper  wire  wound  spirally  upon  them. 

2.  The  second  gage  in  the  table  is  the  Birmi-Agham 
metal  gage,  or  simply  the  metal  gage  or  the  plate  gage 
to  distinguish  it  from  the  wire  gage.  It  is  used  for 
most  of  the  sheet  metals,  (except  iron  and  steel,) 
viz.  copper,  brass,  gilding  metal,  gold,  silver,  platiuum, 
&c.  The  intervals  in  this  gage  are  closer  or  smaller 
than  those  of  the  wire  gage.  Thus  No.  1  is  4  thou- 
sandths or  the  250th  part  of  an  inch  wide,  while  the 
largest  notch.  No.  30,  n.easures  1G7  thousandths,  or 
very  nearly  ^th  inch.  When  thicker  metals  are  wanted, 
their  measures  are  songht  in  the  wire  gage:  thus  No. 
35  on  the  plate  gage  nearly  agrees  with  No.  S  on  the 
wire  gage,  and  the  numbers  7,  6,  5,  to  0000  of  the 
latter  are  employed  for  tliicker  metals  than  can  be 
measured  by  the  plate  gage.  The  plate  gage  often 
ends  at  24,  which  agrees  with  14  of  the  wire  gage, 
and  then  the  numbers  13,  12,  11  to  000  of  the  hitter 
arc  used  for  thicker  metals. 

The  method  of  describing  sheet  metals 
is  liable  to  much  variation.    Thus 


4j,  5 


are  nearly  alike.  These  thin  sheets  of  zinc  measure 
from  T^th  to  about  ■^'(\\%  inch  thick,  and  are  used 
chiefly  for  gutters,  roofs,  and  small  works.  Thicker 
plates  from  about  tfoI'is  to  iT^ths  tldck,  used  for 
zincography,  door  plates  and  engraved  works,  are 
commonly  made  to  the  notches  IS  to  7  of  the  wire 
gage- 
When  the  value  of  the  metal  in  sheet  exceeds  the 
vrduo  of  the  labour  afterwards  expended  on  it,  such 
metal  is  estimated  by  the  weight  of  every  superficial 
foot.  Thus,  cast  and  milled  lead  arc  described  as  of 
from  4  to  12  lbs.  the  superficial  foot,  the  variation 
being  1  lb.  to  the  foot.  Coppersmiths  and  braziers 
do  not  use  the  plate  gage,  but  reckon  their  metal  as 
from  about  3  to  5 Gibs,  to  the  sheet  of  2  feet  by  4 
feet.  The  precious  metals  are  sometimes  estimated 
by  the  number  of  ounces  or  pennyweiglits  troy  to 
the  superficial  foot. 


3.  The  gages  entered  under  section  3  of  tlic  table, 
are  used  for  the  bright  steel  wire  prepared  in 
Lancashire,  and  the  steel  pinion  wire  for  watch  and 
clock  makers. 

Many  other  gages  are  used  in  particular  trades, 
such  as  the  rod  iron  gage,  the  nail  rod  gage,  the  hutlon. 
makers'  gage ;  others  used  in  u;ateA  work  ;  there  is 
also  the  gage  used  hy  gun  makers  for  the  bores  of 
guns  and  rifles. 

The  above  mentioned  gages  are  all  arbitrary,  having 
no  reference  to  a  fixed  standard;  so  that  regarding  the 
various  gages  as  a  system,  it  is  one  of  confusion 
instead  of  order  ar.J  im  tli^l  ...  il  niuht  to  be.  The 
simple  and  iucxpc'ii-l.  '  lufi- of  things, 

proposed  by  Mr.  Iln'i I,      '  ■.  flic  decimal 

divisions  of  the  inch,  au.l  ilm.r  m,  '  ,■  il.eir  true  ap- 
pellations. "  Thus  for  most  pniposcs  llic  division  of 
the  inch  into  100  parts  would  be  suflicicntly  minute, 
and  the  measures  1,  2,  5,  10,  15  or  100  huudrcdths 
would  be  also  sufficiently  impressive  to  the  mind : 
their  quantities  might  be  written  down  as  1,  2,  5, 10, 
15  or  100  himdredths,  as  the  decimal  mode  of  ex- 
pression might  if  preferred  be  safclv  iihaiidnned,  and 
themctliMa»..:iVl  ;„•  :.l i:n;iN  >!■.'■  ..  i   r.,   ,-..),,n.,U 

use  if  tlir        :   '     -.    -  :     ,    ,  ilie 

gage,  to    ;:   v.     :    I    ;.    ,  ,,■,,,,.  .Iihs 

le  entire  100  notches 
many  eases  it  might 
suffice  that  below  20  hundredths  every  size  should  be 
employed ;  from  20  to  50  himdredths,  every  alternate 
size  :  from  50  to  100  hundredths,  every  fifth  size. 
As  at  present  also,  the  upper  or  lower  part  of  the 
series  of  terms  might  be  omitted  to  any  desired 
extent  in  those  cases  where  they  were  beyond  the 
partioidar  wants  of  the  artisan  or  the  particular 
branch  of  trade,  in  order  to  diminish  the  bidk  and 
expense  of  the  gage.  It  may  be  objected  to  this 
scheme  that  for  the  more  valuable  metals  and  the 
more  minute  purposes,  the  quantity  of  the  one  hun- 
dredth of  an  inch  is  too  coarse  a  difl'ercnce.  Two 
facile  modes  of  remedy  may  be  here  applied.  The 
first,  to  make  half  sizes  :  thus  8J  or  8-5  would  of 
course  denote  the  medial  interval  between  S  and  9 
hundredths.  Or,  secondly  and  preferably,  below  one 
tenth  of  an  inch,  a  finer  scale  might  be  substituted 
for  the  more  minute  and  delicate  purposes,  namely  a 
gage  based,  in  precisely  the  same  maimer,  on  the 
thotisandth  of  the  inch  as  the  unit  which  would  give 
a  much  finer  degree  of  subdivision  than  is  afforded  by 
any  of  the  gages  in  general  use ;  in  this  case  the 
intervals  being  derived  from  the  thousandth  of  an 
inch,  the  word  thousandths  should  be  stamped  on 
every  such  gage." 

For  the  advantages  and  applications  of  this  method, 
we  must  refer  to  Mr.  Holtzapfl'el's  work,  as  also  to  a 
pamphlet  published  by  him,  "  On  a  New  System  of 
Scales  of  Equal  Tarts." 

GAGING,  or  GAUGING,  is  the  method  of  deter- 
mining by  actual  measurement  the  number  of  gallons 
contained  in  vessels  intended  to  hold  goods.  These 
vessels  are  either  of  simple  and  regular  figure,  as  lu 
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GALBANUM— GALLIC  ACID— GALLIPOLI  OIL-GALLON— GALLS. 


some  casks  which  may  be  considered  as  the  frusta 
of  spheroids ;  or  so  irregular,  that  the  content  can 
only  bo  found  by  dividinf;  them  into  a  considerable 
number  of  sections,  and  considering  each  section  as 


small  C' 


uf  a  c 


•liter 


.1  the 


r.i 


a  frustum  of  a  silicioid  or  of  a  parabolic  siiiiidlc,  eras 
a  double  frustum  of  a  paraboloid,  or  else  of  a  double 
cone,  according  to  its  appearance.  The  allowance 
made  for  the  thickness  of  a  cask  was  a  guess,  and  the 
method  of  using  small  sliding  rides,  to  which  super- 
visors formerly  resorted  to  escape  calculation,  is 
a  species  of  estimation  which  would  never  have  been 
tolerated  in  money  transactions  between  man  and 
man.  The  inference  to  be  drawn  from  the  art,  as 
described  by  early  writers,  is  that,  generally  speoldug, 
the  results  of  excisenren's  measm-ements  were  below 
the  truth.  .  .  .  "With  larger  sliding  scales  for  calcu- 
lation, and  tlie  aid  of  habit  derived  from  experience, 
it  is  possible  very  accurately  and  easily  to  measure 
casks  wliich  do  not  depart  much  from  a  given  stand- 
ard of  form.  This  is  wHt  s  lone  by  ga  igeis  it  the 
present  time,  and  tjieii  pract  ce  has  attained  consi 
dcrablc  accuracy.  In  a  j  irt  c  In  isf  i  ce  which  has 
come  to  our  knowledr^e  -v  id  1 1  tl  e  cise  of  a  vat 
wliich  held  6,500  gallon-;  tic  i  easu  enent  of  tie 
exciseman  did  not  diffe  n  oic  than  ten  gallo  s  fro 
the  truth.  This  degree  of  accuiaey  s  e  t  rely  i  o  le  n 
and  must  in  a  conside  able  dc^,  ec  a  se  f  o 
larity  of  form  being  very  nea  ly  presen  ed  m  the 
different  species  of  casks 

The  most  popular  wo  k  o  i  tl  is  subject  was  foi 
a  long  time  "  The  P  act  cal  Gager  by  Willia  i 
Symons,  compiled  for  the  use  of  Exc  se  officers 
Warde's  "  Mathematiciai  s  G  ide  and  Hutton  s 
and  Bounycastlc's  "  Me  is  rat  on  co  t  i  sn  11 
treatises  on  the  subject.  | 

GALBANUM,  a  spec  es  of  gunrcsm  obta  ed  ! 
from  a  perennial  and  apj  a  e  itly  an  u  nbeUiftro  s 
plant  growing  in  Africa  S^  n  and  Teis  a  It 
imported  chiefly  from  tl  c  Leva  t  i  chests  or  c 
of  from  one  to  three  hui  drcd  )o  nds  i  eght  11 
best  galbanum  is  in  masses  of  1  tisl  tears  aggl  t 
nated  together,  and  havmg  a  stioug  balsam  c  odour 
these  are  supposed  to  be  tl  e  spoi  taneous  e\udation 
of  the  plant.  The  second  soit  s  ui  dark  iriegular 
masses  of  inferior  quality  Persi  n  galbanum  is  ve  y 
soft  and  tenacious,  and  is  son  etimes  sent  m  si  ns 
It  often  contains  stalks  a  d  poitions  of  the  [hut 
Galbanum  is  used  in  me  1  cine  aa  an  antispas  o  1  c 
and  is  often  associated  w  th  assafcetida  to  wh  ch  it 
possesses  similar  but  infeiior  j  roperties  G  11  anum 
contains  about  GO  per  cent,  of  lesin,  (GtoH.yO,,)  and 
20  of  gum,  and  yields,  when  distilled  with  water,  o, 
volatile  oU,  colourless  and  limpid,  and  having  the 
odour  of  camphor. 

GALENA.     See  Lead. 

GALL,  or  OX-GALL.     See  Bile. 

GALLIC  ACID,  an  acid  obtained  from  nut-galls, 


[see  Galls,]  wliich  are  to  be  powdered,  mixed  with 
water,  and  exposed  for  some  weeks  to  the  aii-  at  a 
temperature  of  70°  or  75°,  water  being  added  occa- 
sionally, to  supply  the  loss  from  evaporation.  During 
this  time  the  powder  swells  and  becomes  mouldy. 
The  mass,  on  being  subjected  to  pressure,  yields  a 
quantity  of  coloured  liquid  :  the  cake  which  is  left  is 
then  boded  in  water,  and  the  solution  filtered  while 
hot:  on  cooling,  it  dr]iosits  civstals  of  gallic  acid, 
which  m.ay  be  imi  '-  !    i.v   iv.l;     lUiiig,  and  boiling 

with  a  smaU  porli ,  ■       .  ul.     The  filtered 

solution  then  dtpi i . ,  ;:,>  ,,  ,.i  id,  in  the  form  of 
white  silky  crystals.  llinu  aic  other  methods  of 
forming  gallic  acid,  for  which  we  must  refer  to 
chemical  works.  Gallic  acid  has  a  slightly  sour 
astringent  taste :  it  is  soluble  in  about  100  parts  of 
cold,  and  in  3  of  boiling  water  :  it  is  readily  soluble 
in  alcohol,  and  sparingly  so  in  ether  :  it  occasions  no 
precipitate  with  gelatine.  The  formula  for  gallic  acid 
is  3  HO,  C14II3O7.  Heated  to  212°,  it  loses  2  equi- 
valents of  water.  This  acid  forms  a  number  of  salts 
caihi  ffn/laies.  Tannic  acid  and  tannin  are  noticed 
under  Leather,  Sec.  II.  p.  128. 

GALLIPOLI  OIL,  a  coarse  olive  oil  imported 
from  Gall      "  "    '  -  - 

m  Italy 

GiLLON    au  oil  E 
Untdt!  1     J  1    t      t  gallons  for- 

1  ee     c  1    1  V         1     coutmued  m  use     tl    s 

tl  e  oil  c  11  c  I  c  1  231  cub  c  inches  the 
old  CO     ^  11  1         clcs     the  oil  ale  gallon 

282  c  1  0  1    1  The       1       1  gaUou    as  settled 

by  the  \.ct  of  5  Ceo  I\  cai  ti  co  tans  10 lbs 
avouduposof  1  st  lied  water  of  wh  ch  t  is  declared 
that  232  I08  "-a  s  fill  a  cubic  neh  conseqiently 
the  impcual  j,  Ho    coi  tarns  2/7  274  cub  c  nches 

GALLS  GVLL  NUTS  The  names  gi\en  to 
lad       olvc  c     cc  c       1    1  r  1       tlesloots 


;a  poit  of  the  province  of  Otianto 
3  of  capacity 


Fl.J.1017.      CALt-KDTS. 

and  branches  of  a  diminutive  species  of  oak,  Qi/crais 
infectoria,  common  throughout  Asia  Mmor,  from  the 
Bosphorus  to  Syria,  and  from  the  shores  of  the  Archi- 
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pelago  to  Persia.  Tliesc  galls  are  produced  by  the 
punctures  of  an  insect,  Ci/nipn  gi/lltB  tiiicloria,  which 
deposits  its  eggs  iu  the  vegetable  tissue,  and  thereby 
causes  the  shoot  or  bud  to  s«-e!l,  and  become  an  ok- 
cresceuee  or  gall  within  whicli  the  larva  is  developed. 
When  the  insect  is  perfect,  it  cats  its  way  out,  and 
the  gall  has  then  lost  much  of  its  value.  The  best 
galls,  known  in  commerce  as  black  or  i/ne  galls,  from 
their  !)lueish  tint,  are  gathered  before  the  insect  has 
escaped,  and  are  of  great  importance  as  a  source  of 
black  dye,  and  also  as  a  material  in  the  manufacture 
of  writing-ink.  The  ichite  galls,  or  tlio.se  from  which 
the  in.scct  has  di  |i:m;.  J.  -n.  \',  rr  llic  same  purposes  iu 
an  inferior  ilruM     .  ,-i     :     ..vi  I han  the  blue  galls, 

but  less  lic:i\;i  .  i  lirir  colour  is  abrowu- 

ibli  or  ding)  vlluw,  .mJ  ih^y  aio  perforated  with  a 
small  cucular  hole,  through  which  the  insect  made  its 
escape.  It  is  not  an  uncommon  fraud  to  dye  the 
whitish  gall-nuts  blue  to  increase  their  value,  but  this 
is  soon  detected  by  the  colour  being  deeper  than  is 
natural,  and  also  by  the  deficiency  of  the  galls  in 
weight,  aud  by  their  perforation. 

In  the  cidtivation  of  the  crop,  great  care  is  taken 
by  the  orientals  to  gather  the  galls  at  the  time  when 
tliey  have  attained  their  fuU  size  and  weight.  Any 
delay  at  this  jicriod  is  very  injurious,  giving  the  insect 
time  to  undergo  its  final  metamorphosis,  and  to  pierce 
the  shell.  The  Aga  of  the  district  levies  a  tax  on  the 
produce,  and  is  therefore  interested  in  its  sticcess. 
He  causes  the  cultivators  to  traverse  the  hills  and 
mountains  frequently,  at  the  time  of  harvest,  and 
watch  carefully  the  progress  of  the  galls  on  the  oaks, 
w liich  grow  ficcly  iu  such  situations.  The  gall-nut  is 
very  hard,  generally  round,  and  covered  with  knots, 
some  of  which  are  pointed.  The  size  varies  from  that 
of  a  pea,  to  that  of  a  nutmeg.  Galls  are  without 
smell,  but  they  have  a  disagreeably  bitter  taste,  and 
a  powerful  astringent  action.  They  were  used  in 
medicine  in  the  time  of  Hippocrates,  and  are  still  so 
employed  to  a  certain  extent,  though  their  most  ex- 
tensive use  is  in  the  arts  aud  manufactures,  and  as 
a  chemical  test. 

The  best  galls  come  from  Aleppo  and  Smyrna.  In 
100  parts  of  Aleppo  galls  Sir  H.  Davy  found  gallic 
acid  62  ;  tannin  26 ;  gum  and  insoluble  tannin  2-4  ; 
lime  and  other  salts  2-4 ;  woody  fibre  63.  Tlie  galls 
occasionally  brought  from  India  are  not  the  produce 
of  that  comitry,  but  are  carried  thither  from  Persia 
by  Arabian  merchants.  Galls  have  been  largely  im- 
ported for  many  years ;  but  a  less  expensive  substitute 
is  now  greatly  in  request.  This  consists  of  the  cups 
of  the  aeoms  of  another  species  of  oak,  {Qiiercus  agi- 
lops,  or  the  Velaui  oak,)  which  are  found  to  partake 
of  the  nature  of  the  gall-nut.  The  acorns  of  tliis  oak 
arc  short  aud  thick,  and  the  cups  very  broad,  and 
closely  beset  with  oblong  scales.  The  cups  are  known 
in  coraraeree  as  valonia,  and  form  an  important 
article  of  trade  from  Smyrna  and  its  neighbour- 
hood. A  fruit  called  Myrohalans,  and  resembling  in 
appearance  dried  plums,  is  much  used  by  the  Hindoos 
as  a  substitute  for  galls,  the  useful  properties  of 
which  it  appears  to  possess. 


Gall  uisects  arc  remarkable  for  the  wonderful 
mechanism  which  enables  them  to  puncture  the  differ- 
ent parts  of  plants.  Whether  they  produce  the 
berry-shaped  excrescences  known  as  oak-apples,  or 
the  tuft  of  reddish-brown  hair  which  forms  the  gall  of 
the  rose,  or  the  artichoke  galls  of  the  oak-bud,  or  the 
leafy  gall  of  dyer's  broom,  or  the  rose-like  clusters 
which  give  their  name  to  the  rose-willow,  or  the  woolly 
balls  on  the  hawthorn,  or  willow,  or  the  cuiTant-gaR 
produced  on  the  catkins  of  the  oak, — the  machineiy 
employed  is  always  the  same,  though  the  species  of 
gall-insect  varies  in  each  example.  This  machinery 
consists  of  a  needle  contained  in  a  sheath,  and  having 
remarkable  powers  of  extension  derived  from  the 
peculiar  construction  of  the  body  of  the  insect ;  so 
much  so,  that  the  needle  can  be  extended  to  twice 
the  length  of  the  insect  itself,  within  which  it  is 
lodged  in  a  bent  form,  following  the  curve  of  the 
body,  and  runnuig  from  its  base  near  the  anus,  along 
the  back,  making  a  turn  at  the  breast,  and  then 
assuming  the  curve  of  the  belly  and  appearing  again 
near  the  point  whence  it  had  originated.  This  curious 
structure,  which  is  common  to  the  various  mendiers 
of  the  genus  Cynips,  has  been  closely  examined  and 
described  by  Reaumur. 

Some  Chinese  galls,  subjected  to  examination  by 
Mr.  Doubleday,  are  stated  to  have  contained  minute 
insects,  belonging  to  the  family  of  the  aphidians.  The 
galls,  on  being  broken,  were  mostly  fouud  to  contain 
a  quantity  of  white,  downy-looking  matter,  and  nu- 
little  rounded   dark-Inn,,  ,i     ..l:  ■:  ,;  n -.   not 


r  than 


,s  of  e 


brown  atoms  were  the  insect-,  v  i     ,        .    had 

produced  the  gall,  and  the  dnAvii}  mii'i  r  \',a-  ilirir 
peculiar  white  secretion.  From  their  desiccated 
condition,  and  long  shaking  about,  the  down  had 
become  detached,  and  most  of  the  legs  aud  antennae 
were  broken  off.  The  nature  of  the  shrub  which 
produces  these  galls  has  not  yet  been  ascertained. 

GALVANISM.  The  most  important  applications 
of  this  beautiful  science  wiE  be  found  under  Elec. 
TRIG  Telegkafu  —  Electro-Metallukgy  ^^^Elec- 
TRO-MOTivE  Machines. 

GiVLVANISED  IRON.  See  Amalgam— Elec- 
tro-Metallukgy. 

GAMBOGE.    See  Camboge. 

GANGUE,  the  mineral  substance  which  encloses 
or  accompanies  any  metaUie  ore  in  the  vein.  Quartz, 
lamellar  carbonate  of  lime,  sulphate  of  baryta,  sulphate 
aud  lluate  of  Kme,  are  common  gangues ;  but  many 
otlier  substances  become  such  when  they  predominate 
in  a  vein.  The  word  is  pronounced  gang :  it  is  from 
the  German  gang,  a  vein  or  channel. 

GARNET,  a  vitreous  mineral  of  the  cubic  system, 
composed  of  three  or  four  silicates— those  of  alumina, 
lime,  iron,  and  manganese ;  the  varieties  of  colour 
being  due  to  their  varying  proportions  and  combina- 
tions. The  best  specimens  are  called  precious  or  noble 
garnets :  these  are  of  a  clear,  deep  red,  and  are  cut 
q\ute  thin  on  account  of  their  depth  of  colour.  They 
are  chiefly  brought  from  Pegu,  and  are  of  considerable 
value.     A  variety  of  this  stone  is  supj oscd  to  have 
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bceu  the  carbuncle  of  the  ancients,  aud  identical  also 
with  the  hyacinth.  Common  garnet  is  very  abundant, 
aud  of  various  colours,  but  is  rarely  fine  enough  to  be 
employed  with  good  effect  in  jewellery.  In  some 
parts  of  Germany,  garnets  are  so  abundant  as  to  be 
used  as  a  flux  to  some  iron  ores.  They  are  also 
pounded,  aud  used  as  a  substitute  for  emer}^ 

Garnet  is  usually  met  with  in  the  forms  of  dodeca- 
hedrons aud  trapczohedrous,but  these  may  be  variously 
modified.  It  is  also  found  in  gi-auular  masses.  The 
sp.  gr.  varies  from  3-35  to  4-2i. 

G.iS,  the  generic  name  of  aU  those  elastic  fluids 
which  are  permanent  at  low  temperatures.  In  this 
respect  they  differ  from  vapours,  which  become  liquid 
or  solid  on  reducing  the  temperature.  The  difference, 
however,  is  only  one  of  degree  ;  for  Faraday  has  suc- 
ceeded iu  liquefying  many  of  the  gases,  aud  solidifying 
a  few  of  them,  under  the  influence  of  cold  and  pressure. 
[See  Carbonic  Acid.]  For  the  physical  properties 
of  gases,  we  must  refer  to  Aie.  The  most  iniportaut 
gases  are  described  under  their  respective  names. 

GAS-LIGHTING.  An  inflammable  air,  capable  of 
affording  light  aud  heat,  is  formed  naturally  in  many 
parts  of  the  world.  At  Baku,  on  the  shores  of  the 
Caspian  Sea,  the  "  holy  fires,"  as  they  are  called,  arc 
produced  by  the  combustion  of  gas  which  issues  from 
the  earth.  The  burning  fountain  of  Dauphine  is  of 
similar  origin:  in  Italy,  Hungary,  Greece,  England, 
America,  and  China,  natural  spruigs  of  gas  occur.  In 
China  these  natural  gasometers  arc  prolitably  applied 
in  boiling  and  evaporating  the  salt  brine  obtained  by 
boring;  other  tubes  convey  supplies  of  the  gas  for 
lighting  streets  and  houses,  and  the  excess  is  got  rid 
of  by  burning  in  a  chimney  beyond  the  limits  of 
the  salt-works.  In  the  month  of  December,  1851, 
the  newspapers  contained  an  account  of  a  large 
blaze  of  natural  gas  on  Chat  Moss,  on  the  line  of 
railway  between  Manchester  and  Liverpool.  The  gas 
was  liberated  in  boring  for  water :  the  first  10  feet 
being  through  moss  and  peat,  and  the  next  16  feet 
through  marl :  then  followed  2  or  3  feet  of  saud  ;  and 
while  scooping  through  this  portion  the  gas  suddenly 
appeared,  with  a  loudish  noise  and  a  slight  sulphurous 
smell.  A  stream  of  gas  then  floated  along  the  surface 
of  the  ground,  which  took  fire  on  the  application  of 
a  light.  A  pipe,  10  or  12  inches  in  circumference, 
was  then  inserted  into  the  ground  to  the  depth  of  2 
or  3  feet,  and  with  a  height  of  about  36  feet,  by 
which  means  the  gas  was  conveyed  above  the  level  of 
the  neighbouring  forest  trees  :  it  burnt  at  the  top  of 
the  tube  with  a  flame  apparently  S  or  9  feet  long ;  its 
colour  was  yellowish  mingled  with  blue  tints :  the 
light  was  strong  enough  to  allow  a  person  at  the  dis- 
tance of  100  yards  to  see  the  time  by  his  watch.  On 
applying  the  ear  to  the  pipe,  the  sound  of  the  gas 
traversmg  it  could  be  heard  like  the  sound  of  rushing 
water.  The  flame  was  afterwards  extinguished  by 
the  wind. 

This  gas  is  probably  the  light  carburctted  hydrogen 
of  chemists  (CH2),  the  fire-damp  of  the  coal-pit,  and 
also  known  as  marsh-gas,  from  the  circumstance  of  its 
being  found  abundantly  in  stagnant  pools  during  the 


spontaneous  decomposition  of  vegetable  matter.  So 
loug  since  as  the  year  1659,  Thomas  Shirley  attributed 
the  exhalations  from  the  burning  well  of  Wigan  in 
Lancashire  to  the  subjacent  coal-beds;  and  a  few 
years  later  Dr.  Clayton,  Rector  of  Crofton,  at  Wake- 
field in  Yorkshire,  actually  prepared  gas  by  the  dis- 
tUlatiou  of  coal,  washed  it  in  water,  collected  it  iu 
bladders,  and  burnt  it  from  a  jet.  Aud  yet,  notwith- 
standing this  suggestive  experiment,  which  was  com- 
municated to  the  lloyal  Society,  considerably  more 
than  a  century  elapsed  before  gas-lighting  took  its 
place  among  the  industrial  arts.  Iu  1770  a  sponta- 
neous evolution  of  gas  took  place  at  a  colliery  near 

Whitd.:nr,,,  vJOl,  u,..  l,;i.,ll,  ,!,  :,i.-l  Inr.lM'J  with 
a  flaiiM'   ;,         1:.    ;  J    .  r  ;     ,     _       '!■  ^   .:.    nuliccd 

which  1;;::i-  \\\  11  !■-  ;:i'i:.l-'i  lir.  \\  ;i'  -  im  litaiued 
gas  by  the  distillation  of  coal.  In  UsG  Lord  Dun- 
donald  erected  coke  furnaces  and  burned  the  gases 
in  tubes  for  the  amusement  of  his  friends,  but  appa- 
rently without  any  other  object.  In  1792  Mr.  Murdock 
employed  coal-gas  for  lighting  his  house  and  offices  at 
Redruth  in  Cornwall;  and  in  1 802,  on  the  occasion  of 
a  general  iUumiiiation,  he  lighted  up  part  of  the  Soho 
manufactory  near  Birmingham,  belonging  to  Boulton 
and  Watt,  with  a  display  of  gas-lights.  In  1804  and 
1805  the  same  gentleman  lighted  with  gas  the  cotton- 
mills  of  Messrs.  Philips  and  Lee  at  Manchester,  and 
distributed  a  quantity  of  light  over  the  building  equal 
to  nearly  3,000  candles.  This  was  the  first  extensive 
application  of  coal-gas  to  the  purposes  of  illumination, 
aud  it  soon  became  general.  About  this  time  Mr. 
Winsor  went  about  giving  lectures  on  the  subject, 
and  gradually  overcame  the  ridicule  and  incredulity 
which  were  opposed  to  his  plan  of  lighting  a  whole 
city  with  gas.  In  1812  a  part  of  London  was  lighted 
ill  tliis  way;  and  in  1815  the  method  was  introduced 
into  Paris.  About  the  year  1804  Mr.  Samuel  Clegg 
began  to  devote  his  attention  to  the  subject,  aud  he 
afterwards  rose  to  eminence  as  a  gas  engineer. 

The  light  carburctted  hydrogen  above  alluded  to  is  a 
gaseous  compound  of  carbon  and  hydrogen,  100  parts 
by  weight  containing  75  of  carbon  and  25  of  hydro- 
gen. The  illuminating  power  of  this  gas  is  far  inferior 
to  that  of  another  compound  of  these  two  elements, 
called  bicarburelled  hydrogen,  or  olejiard  gas  ;  it  con- 
tams  tM'ice  as  much  carbon  as  the  former  gas  in  the 
same  bulk.  Olefiaut  gas  does  not  occm-  naturally : 
it  is  obtained  by  the  destructive  distillation  of  oil; 
and  it  is  also  obtained  together  with  light  carburcttrd 
hydrogen  and  other  substances  more  or  less  luminous, 
when  coal,  resin,  tar,  asphaltum,  fat,  animal  refuse,  and 
similar  inflammable  matters,  are  distilled  for  the 
purpose  of  obtaining  gas  for  artificial  illumination. 

In  this  country  gas  is  usually  produced  from  coal, 
which  must  be  bituminoiis  m  quality:  cannel  coal 
produces  good  gas  in  large  quantity ;  next  to  this  is 
Scotch  parrot  coal.  By  a  rough  estimate,  100  cubic 
feet  of  coal  yield  from  18,700  to  9,200  cubic  feet  of 
gas,  according  as  the  best  kinds  of  Scotch  or  Lanca- 
shire coal  are  used,  or  the  worst  kinds  of  Staffordshire 
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But  peiinps  flie  nchc-t  g is  m ikuig  coil  in  the 
world  (if  coal  it  imy  bo  culcd)  lb  that  1  nowu  bv  llie 
nrnie  ot  Boghead  caniir'  It  is  stitcd  h\  the  pio 
pnetors,  in  their  adyertibcmeut  for  the  sile  of  thib 
article,  thit  "  it  is  the  i  lost  In  lil>  b  t  u  uncus  en  il 
known  aiil   11  II  1 


pti  houi  gni     I  h  1  t         il  t    s'  s^ci  h  c   i 

ei  h  c  m  unun,'  120  gi  mib  of  spcun  pci  houi  '  Ihib 
so  cdk  1  c  niii^l  c ill  is  i  \  lucty  of  <hj  or  shile  sitn 
lattdMilhbitui  en  Itb  uic  uibpceifiegrivitj  isl  247, 
it  IS  haid  and  tough,  uid  \\hen  bioken  shoves  i  con 
choidal  fracture  ,  the  coloui  varieb  from  bhekishgrey 
to  blown,  the  suil  icc  ippeiis  ciithy  and  h-is  no 
lustre,  a  chip  of  it  t  kcs  fire  b\  holdiu^'  it  for  a 
inoment  in  the  flame  of  n  cmdh  iid  bums  easily 
W  hen  liLited  below  re  liicsb  m  i  i^libb  ictoit  it  Mthlb 
combubtible  gises,  is  well  is  a  1  irge  ininunt  of  \  oh 
tile  combustible  hquuK,  holding  m  bi'  'oi  much 
s  pioduced 


No  a 


bolid  combustibli 

duung  the  dibtdhtion      Thcie  _  - 

after  all  volatile  matter  hab  been  r        '    '     1 '  f ' 

w  Inch,  w  hen  heated  m  the  opei  f 

ofeaithy  ingiedients,pimcipilh 

icmamdei  being  caibon     The  i 

of  this  CO  d  ga\  e,  ^  ohtile  nnttc  i 

eirbou  413       Boghead  is  sit 

between  Edmbuigh  md  Ghsgo 

close  to  the  large  iillue  of  1   tl  I 

creabiiig  in  prosperity  om  lug  to  its  dlbLu^  try     It  ib  c 

poited  largely  from  v-iuoi  b  poitbof  the  liith  of  Toith 

to  England  theCoufincut  ande\entoSouth  Ameiica 

The  piodnctiou  of  the  ^is  dependb  up  n  the  appl 
cation  of  a  high  tcnipoi  tuie  to  the  el  At  a 
model  ite  heat,  such  ab  lOU  Pahr  the  \ol  ilile  cons! i 
tueuts  of  the  co  d  p  Sb  oil  in  the  slate  of  thud  hydio 
carbons  or  naphtha,  with  little  or  no  adini\tiire  of 
permanent  gas.  At  a  cherry-red  heat,  or  a  little 
higher,  there  is  an  abundant  production  of  gas  with 
only  a  smiill  production  of  tar  and  naphtha. 

The  coals  must  not  bo  wet,  or  when  suddenly 
exposed  to  a  red-heat  the  outer  portions  will  become 
coked  long  before  the  water  in  the  centre  of  the  coal 
i>  r\;.  ''  1  .  r-i,  I  I'leutly,  as  the  heat  penctiates  tl  e 
Coal,  ,  ,  ,,.n-i  ^inverted  into  steam  and  dnvtu 
(i\'  i,  thus  leading  to  the  piodnctiou 

of  hyl;    ;■:.,   .  ::^    lie  osidc,  niid  (  ill    UR    iciJ    the 
first'two '.if  which  dilute  the  gas  ai.  1  I        i    i     i         i 
nating  power,'  while  the  third  oul; 
the  lime  wlien  the  gas  is  passed  i!. 
The  conversion  of  the  water  into  bi    ua  In    '  ii 

tion  of  sensible  heat,  lowers  the  temiieiatuiL  towards 
the  point  more  favourable  for  the  production  of  t  ii  or 
naphtha  than  of  gas.  At  too  higli  a  tempcuituie  on 
the  contrary,  the  rich  olcfiant  gas  is  decomiiosed  into 


light  eaibuultcd  h\Ji  gcu  and  caibon,  the  latter 
often  lumig  tlic  gis  letoit  in  distinct  liyers,  an  inch 
or  more  in  thickness  The  iron  pyiites  of  the  co  d 
foims,at  a  lowied  heat,proiosulphuret  of  iron  and  fiee 
sulphur,  and  the  httei,  umlmg  with  the  hydrogen  of 
'he  coal  foims  sulphuretted  hydiogen  The  nitrogen 
rf  the  coal  uniting  with  a  poition  of  its  hydrogen 
loims  ammonia  Hei  .c  it  will  be  seen  thit  the 
distillation  of  CO  J  leads  lo  complicated  i  csults 

Tlie  coal  is  distdled  in  tubes  of  cast  ii on  cdlcd 
ictorU,  thc\  aic  Uauallj  bout  7  feet  loi^^  and  1  Ijot 
ludiaimtLr  Befoie  being  used  they  an  tested  bj 
ben  .^  placed  in  watci  nd  then  foicing  lu  thiou^h 
then  if  anv  flaw  exist  it  is  detected  by  the  air 
es"aping  in  babbles  Lach  retoit  is  iisu  Uy  m  two 
piece ■-  which  aie  connected  bv  fl  mgts  and  scieva, 
nameis,  tie  nrcl ,  oi  uouth imre,  and  tlie  oodi/,  or 
hindci  pait,  which  by  conslai  t  exposuie  to  the  fne 
soon  wcais  out  and  lequiics  lenew  d  while  the 
mouthpiece   is   but  litl  1    I     n      He   retji'   is 

charged  and  disch  i  I     I       cl      d 

by  a  hd,  and  fi\(  d  1  II 

fast.   Fig    lOlS      t  I      I 

lutmg  ol  chv  01  I    1  I  1  lie 


gascb  whicli  aie      i  I 

the  letoitbvawil 
and  shown  in  1 1     1 
best  form  for  tli     b     \    i   i 
the  Ingest  cpnutitvot  gas  i 
long  a  mattei  ot  discub  i  u 


li 


I  d  11 


seded   by  the  elliptical  loim 
improve  d  by  bending  m  the  lov 


te 


ji  the  most  pait  super 
b  which  was  tiiithei 
iirface  into  a  kuliiei/ 


wheicby  a  much  I 
biou^ht  into  contact  with  the  red  hot  sides 
the  otliei   foims      The  bieadth  ot  kidney 
[toits  lb  u  udlyfium   ^0  to  "  niches   and 
\  V. 
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the  height  in  the  middle  from  9  to  12  inches.  In  all 
three  forms,  witli  the  same  length  of  Gj  feet  exposed 
to  the  fire,  150  ll)s.  of  coal,  only  half-filling  the  retort, 
l  cover  in  the  round  form  a  red-hot  surface  of  10 
inches  in  width  ;  in  the  oval  form,  a  surface  of  nearly 
12  inches,  while  the  charge  is  much  nearer  the  top  of 
the  retort  than  in  the  circular  form.  It  is  stated 
that  this  variation  in  form  has  reduced  the  time  re- 
quired for  heating  one-half;  that  the  average  quantity 
of  gas  obtamed  from  a  ton  of  Newcastle  coal  in  the 
elliptical  or  the  kidney-shaped  retort  is  9,000  cubic 
feet ;  while  in  the  circular  retort  only  0,400  feet  have 
been  obtainsd.  D-shaped  retorts,  fig.  1019,  d,  are  also 

Tiie  retorts  are  heated  in  furnaces ;  5  retorts  being 
usually  arranged  in  one  furnace,  two  and  two,  aud 
one  above ;  and  each  furnace  has  two  separate  fires, 
the  brickwork  being  so  arranged  as  to  divide  and 
distribnto  the  flame  among  the  retoits  coke  and  coal 
being  the  fuel.  At  most  works  the  fuinaces  ire 
arranged  in  rows  on  each  side  of  the  retoit  house 
their  flues  meeting  in  a  central  ehimnev  In  extensive 
gas-works  there  are  from  400  to  000  rctoits,  of  ^\hich 
from  200  to  300  are  worked  on  the  avei  ige  of  summer 
and  winter,  each  retort  being  chaigcd  with  about 
120  lbs.  of  coal  every  G  hours.  Two  men  attend  to  3 
furnaces  of  5  retorts  each,  and  as  the  retorts  are  kept 
constantly  at  work,  the  men  work  m  shifts  of  12  houis 
at  a  time,  with  intervals  for  rest  and  me  ds  they  aie 
not  actually  engaged  at  work  more  than  h  df  tint  time 
The  tubes  which  rise  from  the  retorts  k  h,  Fig  1022 
are  recurved  at  the  top,  and  dip  into  a  laige  houzoiit  d 
tube  IT,  called  the  hydraulic  main 

The  improved  scientific  knowledge  of  the  gas  m^kei 
enables  him  to  arrange  a  much  larger  numbei  of 
retorts  in  one  furnace.  At  the  Great  Ccnti  il  Gab 
works.  Bow  Common,  under  the  intelligent  manage 
ment  of  Mr.  Croll,  no  less  than  13  retoits  aie 
heated  by  one  fmniace-fire.  They  are  disposed  in  the 
manner  shown  in  Fig.  1020 :  the  furnace  fire  is 
placed  in  a  central  position ;  the  upper  series  of  G 
retorts  are  heated  by  the  radiation  of  the  fire ,  the 
other  7  retorts  are  heated  by  the  hot  draught  descend 
ing  in  the  direction  of  the  arrows  These  retorts  aie 
each  IS  feet  in  length  from  the  face  of  the  buck  work 
setting,  and  they  are  charged  and  discharged  at  both 
cuds.  The  upper  series  of  retoits  are  made  of  fiie 
clay ;  4  of  which  are  circular,  and  2  oval  m  shape, 
with  circular  iron  mouth-pieces.  The  lowei  seues  of 
retorts  are  of  iron ;  each  retort  with  its  mouth  piece 
being  formed  in  one  easting,  19  feet  G  inches  long 
Tlie  clay  retorts  will  bear  a  stiouger  heat  than  the 
iron  ones,  and  being  situated  in  the  same  arch  with 
the  furnace,  are  exposed  to  a  much  gieafei  heat  which 
admits  of  their  being  charged  c\eiy  1  hours  the 
iron  ones  are  charged  every  6  houis  Tiie  average 
yield  of  gas  per  day  at  these  works,  fiom  each 
double  retort,  18  feet  in  length,  is  8,500  cubic  feet. 
Retorts  made  of  fire-clay  retain  their  heat  at  nearly 
the  standard  temperature  when  a  fresh  charge  of  coal 
is  introduced,  and  their  superior  durability  comiiared 
with  iron  retorts  compensates  for  the  slight 


of  fuel  which  they  requne.  It  is  difficult  to  maintain 
iron  retorts  at  a  uniform  high  temperature,  and  to  pre- 
vent their  being  burnt  out  faster  in  one  part  than  in 
another,  especially  in  the  old  arrangement,  where  the 
furnace-fire  is  large,  and  the  retorts  are  few  in  number, 
and  far  asunder.  In  the  new  arrangement  one  cannot 
help  being  struck  ^ritli  the  large  number  of  retorts  in  a 
small  space,  whereby  a  great  saving  is  effected  in  the 


supeificial  space  requucd  for  the  letoit  house  there 
IS  also  a  great  economy  of  tuel  ,  out  ton  of  coals  in 
the  retorts  being  carbonized  with  only  12  to  15  per 
cent,  of  fuel,  as  compared  with  25  to  35  per  cent,  in 
ordinary  practice.  The  iron  retorts  also  last  longer, 
the  flame  being  more  generally  diffused  by  the  down- 
I  ward  draught.      The  carbonaceous  incrustation  can 
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also  be  much  more  easily  removed  from  the  interior  j 
of  the  retorts,  in  consequence  of  their  being  open  at 
each  end.  The  usual  make  of  gas  at  these  works  is  [ 
900,000  cubic  feet  per  day,  to  produce  which  twelve  : 
settings  are  in  use.  These  occupy  an  area  of  18  feet 
in  width  by  12i  feet  in  length,  and  are  capable  of 
producing  1,200,000  feet  a  day.  The  retorts  reach 
from  end  to  cud  of  the  setting,  being  more  than  double 
the  ordinary  length,  and  they  are  fired  and  charged 
from  each  end.  In  Fig.  1021,  a  a  are  the  clay  retorts, 
arranged  round  the  furnaces  b  b,  and  exposed  to  the 
immediate  contact  of  the  flame  ;  c ;?  arc  the  cast-iron  re- 
torts, arranged  beneath  the  furnace,  mil  Ih  :i'r  1  li\  I'm' 
current  of  hot  air,  which  in  decern  i     '  >i   :  >      I; 

equally  over  the  lower  set  of  reloii  li- 
the clayretorts  are  exposed  to  the  li'  :'  -i  ii<  i'  'ii  i!;c 
fumaee,  the  cast-iron  retorts  encounter  a  milder  tem- 
perature, suited  to  their  superior  conducting  power ; 
and  hence,  instead  of  discharging  flame  and  intensely 
heated  air  into  the  cliimney,  as  is  done  by  the  old 
method,  the  arrangement  of  the  retorts  and  the  de- 
scending draught  leads  to  the  economy  of  fuel  already 
noticed.  The  close  setting  of  the  retorts  docs  not 
allow  all  the  pipes  dd  to  ascend  from  one  end  into 
the  hydraulic  main;  they  are  therefore  carried  oil' 
some  at  one  end  and  some  at  the  other,  and  descend 
into  the  two  hydraulic  mains  e  e.  These  mains  arc 
cast  in  lengths  equal  to  the  distance  between  the 
centres  of  the  sets  of  retorts,  and  are  carried  by  the 
hollow  columns//,  which  are  tied  together  across  the 
retort  setting  by  tie-rods,  g.  These  columns  also  serve 
to  carry  the  girdci=  h  h,  and  the  Last  iron  platfoim 
upon  which  the  upper  retoits  are  worked  The  space 
below  this  platform  (Fig  102  i)  is  used  iii  a  orkiug  the 


to  expel  the  atmospheric  air  from  the  retorts,  and 
moisture  from  the  coals.  As  the  coal  becomes  hot 
a  considerable  quantity  of  tar  distils  over  into  the 
hydraulic  main,  together  with  a  portion  of  gas  consist- 
ing chiefly  of  hydrogen  and  ammonia.  The  gas  con- 
stantly increases  in  quantity;  tar  and  amraoniacai 
liquor  pour  over  together  with  a  portion  of  sulphurous 
acid  from  tl  e  py  tes  of  tl  e  coil  Tl  e  gases  i  e  most 
abundantly  d  seigagel  -nl  en  tl  e  leto  ts  are  kept  at 
a  bright  chcr  y  led  1  e-it  it  1  as  been  comj  uted  tl  at 
in  8  hours  dist  Iht  on  -s  ith   an    for  i  fi  e  anl  tl  e 


,s^eU   I 


ke  fii 

to  allo^v 
11  into  the 
a\cjed  to  the  coke 


a  retorts, 
the  clay  retorts  ,  sulu 
the  edge  of  the  pktl 
the  coke  from  the  upp 
coke  omnibuses,  in  oi  d 

heap.  Wrought  uon  water  tioughs,  it,  aie  used,  to 
keep  the  flre-bars  cool  theie  is  only  one  fiie  bar  to 
each  furnace,  and  this  is  of  round  iron  foi  the  easier 
separation  of  the  clinUi  V  jiaitition  w  dl_;  extends 
completely  across  the  aich,  to  divide  the  two  iuiuaccs, 
and  thus  prevent  one  fuiuaec  diawmg  into  the  othci 
The  walls  kk  seive  to  ciriy  the  retoits,  and  are  pei 
forated  with  holes  for  the  passage  of  the  di  aught 
The  spaces  //  in  the  lowei  aich  form  the  communica 
tion  between  the  uppei  and  lower  settm""-  lie 
draught,  after  suiroundmg  the  lowei  retoif  i 
through  the  openmga  m  m  mto  hoiizont  il  11 
which  run  the  whole  length  of  the  letoit  s  ii 
and  communicate  with  the  mam  flue  \^liich  enteis  the 
chimney.  Dampers  formed  of  fiie  tile  sbde  ovei  the 
openings  mm,  to  adjust  the  draught,  and  flue  doois 
0  0  are  provided  foi  cleaning  out  the  ilues  n  it ' 

Now  supposing  the  retorts  to  be  at  a  bright  red 
heat,  and  just  chaigtd,  the  iiist  action  of  the  heat  is 


retorts  at  a  constant  r  1  1 
of  gas  given  off  oi      i 


htVi 
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cflT 

ofcaib    ct 
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1  tl    ■ 


sulphuretted  1  y  Irogen  a  d 

which  do  not  bum  at  all  b  t  i 

as  nitrogen  and  carbonic  aci  1  \     [ 

The  tar  -nl  cl  d  stils  over  mto  tl  e  1  j  I  ulio 
co\eis  the  i  ouths  of  tl  e  conduct  ug  tul  es  as  si  own 
m  Fig  102  5  1  y  \  hich  means  tl  c  retorts  are  p  cv  ted 
fiom  communicating  with  each  otliei,  so  that  any  one 
may  be  opened  and  cliarged  Tiithout  interfering  with 
the  others  The  tar  is  pievented  fiom  accumuhtmg 
m  the  hydraulic  mam  by  means  of  a  siphon  tube,  so 
airanged  as  to  cauv  it  off  mto  the  tai  cistern  as  it 
uses  above  half  the  horizontal  section  of  the  main; 
but  by  turmng  a  cock  at  one  cxtiemity  of  the  mam 
all  the  tar  can  be  drawn  off 

AVhen  the  tbstiUation  of  the  coal  is  earned  as  far 
as  it  IS  thought  desiiable,  the  hd  of  each  retoit  is 
loosened,  and  the  gas  igmtcd  at  the  mouth  if  the 
hd  weie  at  once  iemo\ed,  the  an  ruslimg  in  might 
lorm  an  explosue  mixtuie  wdh  the  gas  m  the  letoit, 
and  thus  lead  to  accident  "When  the  lid  is  icmoved, 
till  I  mini  ill  rl  flu  "  %  bmns  oat  at  the  mouth, 
1  1  ked  out  mto  an  iron 


3Mng   0 


le  of 
.  the 


to  quench  it 
retoit  all  the  fi 


The   letwt  i 


ith 


etainmg  its    I  I  \. 

IS  also  passed  up  the  pipi  11  i  liu^'  into 
the  hydiaubc  mam,  to  clear  away  condensed  f  ir,  which 
if  allowed  to  remain  would  prevent  the  distilkdion  fi  om 
going  on.  Each  retort  is  recharged  by  means  of  a  long 
curved  tray  of  sheet-iron,  Fig.  1023,  called  a  scoop"; 
this  is  fiEed  with  coal  and  pushed  to  the  end  of  the 
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13  to  tuvn  out  the  coal,  and  then 
lie   coal   is   immediately 


;onvcrted  into  gas,  which  pours  out  at  the  mouth  in 
X  copious  flame,  but  this  is  soon  checked  by  the 
:oier,  previously  luted,  -which  is  qiuckly  sciewed  on. 


and  the  distillation  proceeds  as  before  "  This  dis- 
charcma  lud  reehargin;:  of  the  retorts  is  i  very  hot 
and  iiliouous  duty,  and  has  a  rem-irkably  picturesque 
clTect,  eipecnlly  duriu;;  the  quiet  of  a  cicir  cilm  I 


night :  the  giowing  heat  of  the  furnaces,  the  bursting 
flames  of  gas  when  the  retorts  are  opened,  the  nish 
of  black  smoke  and  flame  which  accompanies  the 
fresh  charge,  the  workmen  with  their  long  rakes  and 
shovels,  the  shadows  of  their  naked  bodies  appearing 
dark-green  upon  a  red  ground ;  the  striking  effects  of 
Ught  and  shade;  tlic  noise,  tlie  exertion,  the  turmoil, 
the  suflbcatmg  heat  aud  odour  alike  oppressive, — all 
this  IS  m  stiiking  contrast  with  the  refreshing  cool- 
ness and  calmness  of  the  sky  seen  through  the  open- 
ings of  the  gas  house  The  effect  is  perhaps  equally 
striking,  although  m  another  -n  iy,  on  a  bright  day, 
when  the  beams  of  sunbhine  penetrating  the  gloomy 
ictoit-house  through  chiiik:>  in  the  roof,  are  so  loaded 
with  smoke,  and  steam,  and  dust,  as  actually  to 
appear  like  solid  masses  of  matter  Wlien  the  retorts 
are  charged,  and  the  fresh  coke  has  been  wheeled 
away  to  the  heap,  the  noise,  the  dazzling  bursts  of 
flame  and  much  of  the  heat,  sub--ide  mto  a  more  quiet 
and  sober  scene,  but  still  the  hwt  and  the  loaded 
atmosphere  of  the  place  are  oppressive,  and  the 
writer  has  always  felt  more  lelief  in  quitting  a  gas- 
house  thau  any  other  factory  which  it  has  been  his 
pleasant  duty  and  pmilege  to  visit  m  preparing  these 
treatises  for  the  pi  ess  " ' 

Most  of  the  tar  aud  animoma  of  the  coal  condense 

m  the  hydraulic  main  and  aie  di  posed  of  in  the  tar 

cistern    the  hot  gas,  which  also  passes  into  the  main, 

holds  in  suspension  a  considerable  portion   of  the 

vapour  of  thc<;e  sub--t  inccs,  which  must  be  imme- 

duttlv  cot  lid  of,  or  tlicv  would  in  cooling  condense 

m  the  di«tau'  pirts  of  the  apparatus,  and  stop  up  the 

The  hot  gis  lb  therefoie  made  to  pass  from 

'     Iraulio  mam  to  the  coolers  or  condensers,  a 

11  foi-m  of  which  consists  of  a  number  of  upright 

ater,  which  is 


c  botton 


liirh  the  hot  gas 

he  top.   Another 

kim  snoMu  nil,'  1   .-  i   1  la  «/r  (.uudenser,in  which 

the  enclosmg  tubes  ol  -n  atei  are  dispensed  with,  and 

the  coolmg  is  assisted  by  cold  water  from  the  cistern 
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C  t  ckl        1         0       tl  e  tul         1  ut  m  tl  s  case  a 

d  ger  a   ount  ot  cook  g  s    f  cc  s   equued  wh  ch 
p  0    (led  by  20  or  30  lofty  t  b  s     The  gas  m  pa  s    ^ 
thioUgl  these  code  I  tubes  s  c    s  leril  ly  red  ccd 
te  npe  alu  c       d  the  vapou    of  t  r    &c    co   1 
mto  a  1  q  u  1  wh   h  t   ckles  lo  to  the  1 

the  iron  cl   st    t  o     h    ce    t  flo       b  ok 
c  n  be  d    wn  off  f  om  t  n  e  to  t  ne  1  y  th    t  | 
I  t  or  su  ik  c  ste         The  ^  s  eute  s  tl  e         I 

t  tl  e  t   ni  e    t    e  of  a1  0  t  1  0      nd  Ic  t     t 

lo  t60 

The  o    ecus      d  v  j  o  o  s   p  od  cts  of  tl  e  d 
tdl  t        1  y  the     elast  o  ty  co       i  ent  o     tl  e  r  1  ^h 
f     I  er  tu  e  fo  ce  fo   the   s  1  es  1  p    s    e  f  0     the 

eto  ts  uto  tl  e  condenser  &,c  Tl  s  press  e  how 
c  e  s  object  onable  bee  sc  shoul  la  to  t  bo 
c  acked  or  be  b  dly  sec  ed  ucl  of  the  gas  woui  1 
esc  pe  a  d  be  lost  or  should  y  of  the  \  \es 
become  cl  okedwith  tar  the  mc  e  s    g  elast  c  ty  of  tl  e 
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is  distilled.  According  to  another  estimate,  40  lbs.  of 
Ume  are  required  for  every  10,000  cubic  feet  of  gas 
from  Newcastle  coal  of  average  quality.  If  more  lime 
be  used  the  coal  must  h.ave  been  damp,  or  have  con- 
tained more  thau  the  usiud  average  of  sulphm-.  Good 
Newcastle  coal  contains  about  1  per  cent,  by  weight 
of  sulphur ;  some  kinds  of  canuel,  oidy  i  per  cent. 
The  gas  is  usually  passed  through  two,  three,  and  even 
four  di-y  lime  puiiiiers,  all  constracted  on  the  same 
principle.  In  Fig.  1026,  n  is  the  outlet  pipe,  leading 
to  the  second  purifier  g.  The  movable  top  or  cover  of 
each  purifier  fits  iuto  a  water  joint  or  trough,  10  inches 
deep  and  6  inches  broad.  The  shelves  are  also  movable, 
the  upper  ones  being  taken  out  while  the  lower  aiv 
being  charged.  The  spent  Kmo,  which  contains  hydi" 
sulphui'et  of  ammonia,  is  very  offensive,  on  account  <  i 
its  evolving  sulphuretted  hydrogen  in  contact  witli  the 
atmosphere,  the  carbonic  acid  of  which  takes  its  place. 
This  is  entirely  removed  before  the  pui-ifiers  are 
emptied,  by  connecting  each  pmificr  by  means  of  a 
joint  with  a  large  horizontal  pipe  which  opens  into  the 
chimncy-sliaftof  tlic  retort  house,  the  powerful  draught 
of  which  rapidly  exhausts  the  air  from  the  horizontal 
pipe,  and  all  the  oll'cusive  volatile  matters  of  the  Kme 
escape  from  it,  as  into  a  vacuum,  and  are  speedily 
decomposed  by  the  hot  air  of  the  chimney.  After 
this,  tlie  cover  of  the  lime  purifier  can  be  raised  by 
means  of  the  chain  i,  attached  to  the  light  rods  ee, 
and  the  purifier  be  cleaned  out  without  any  annoyance 
to  the  men  or  to  the  neighbourhood.  The  lime  thus 
removed  is  burnt  in  ovens,  and  used  a  secoud  time  m 
the  purifiers,  after  which  it  becomes  refuse.  FF  are 
lilauk  flaiiclies,  which,  when  removed,  allow  the  pipes 

The  lime  rciiievcs  from  the  gas  carbonate  of  am- 
luiiiiia  auil  cavbouio  acid  about  2  per  cent.,  and  sul- 
phuretted hydro^eu  about  1  per  cent. ;  varying  with 
the  nature  of  the  coal  and  its  di-yness.  If  the  gas  be 
properly  piaifled,  it  ought  to  return  good  answers  to 
the  following  tests : — tm'meric  paper  moistened  and 
held  in  a  jet  of  the  gas  ought  to  retain  its  yellow 
colour ;  if  tlie  gas  contain  ammonia,  the  yellow  will 
cliaugo  to  reddish  brown ;  or  blue  litmus  paper, 
slightly  reddened  by  an  acid,  will  have  its  colour 
restored;  if  there  be  no  ammonia  the  red  wiU 
remain.  A  paper  dipped  in  a  solution  of  acetate 
of  lead,  and  held  in  the  gas,  wUl  turn  black  if  sul- 
phuretted hydrogen  he  present ;  if  the  gas  be  made  to 
pass  in  bubbles  through  lime-water,  a  milkiness  will 
be  produced  if  carbonic  acid  be  present.  It  usually 
happens,  however,  that  after  the  gas  has  passed 
Ihrough  the  lime  purifiers,  it  stiU  contains  a  little 
ammonia ;  this  would  be  absorbed  by  the  water  of 
the  meter,  if  it  could  be  kept  long  enough  in  contact 
thciewith.  As  this  cannot  be  done,  it  is  disposed  of 
more  quickly  by  passing  the  gas  through  a  solution 
of  aliun  or  of  green  vitriol,  or  through  cUlute  sid- 
phuric  acid :  cldoride  of  calcium,  and  other  sub- 
stances, arc  also  used  for  the  purpose.  A  water 
washing  is,  however,  quite  sufficient,  if  it  be  properly 
managed.  At  some  works  the  gas  from  the  purifier 
is  conducted  to  the  bottom  of  a  tank  called  a  scrui- 


6er;  this  is  fiUed  with  coke  for  the  purpose  of  greatly 
increasing  the  surface,  and  water  being  introduced 
at  the  top  by  a  horizontal  perforated  tube,  trickles 
slowly  down  over  the  coke,  while  the  gas  passes  in 
the  contrary  direction.  At  some  works  this  gas  is 
mixed  with  steam,  and  being  exposed  to  a  low  tem- 
perature, the  steam  is  condensed  in  di-ops,  whereby 
the  gas  is  exposed  to  a  considerable  Kquid  sm-face. 

The  economic  value  of  ammonia  as  a  manure  has 
led  to  at  I  nil  ,:  nl'  lite  >erirs  to  condense  the  whole  of 
it  in  all  ':  '    i-rni,  so  as  to  make  it  avail- 

able.    J'.;    ■'  I      I:  .  iiiiul  the  gas  is  purified  by 

txposiiie  I  I  .  .:ii,  ,  M  if  s\dpliatc  aud  biphosphate 
"1   l:!ii>-      ■■,,,,  i   i;,  ,..'11     1.11  Ijih  lit  bones  with  sul- 

1  !.  ,.    ,      ■..  r  .    1.1  ;,'.  ..li.  1,   iii.iiia  of  the  gas 

|i:i;,=LLi  u\er  li,  tliUi  iuiiniii^-  a  iiuivlure  of  sulphate  of 
ammonia  and  phosphate  of  lime,  which  is  of  course  a 
valuable  fertilizing  material.  By  Laming's  process, 
a  solution  of  chloride  of  calcium,  or  muriate  of  Ume, 
absorbed  uito  saw-dust,  is  used,  by  which  means  the 
muriate  of  lime  is  gradually  decomposed,  and  car- 
bonate of  lime  and  muriate  of  anunonia  are  formed, 
wliich  are  used  as  manure,  or  in  the  manufacture  of 
sal  ammoniac.  Sulphate  of  lime,  and  various  other 
earthy  and  metallic  salts,  s\ich  as  the  sulphates  of 
magnesia,  alumina,  zinc,  iron,  and  manganese,  and 
cliloridcs  of  the  same  substances,  have  all  been,  or 
are  now  being  used  for  the  purification  of  coal-gas. 
At  the  Great  Central  Gas-works  a  solution  of  cldoride 
of  manganese  is  used.  It  is  said  to  be  effectual  in 
purifying  the  gas  from  ammonia,  and  also  absorbing 
a  portion  of  the  sulphuretted  hydrogen,  economising 
the  lime  to  the  extent  of  30  per  cent. 

The  use  of  the  scr-ubber  before  the  Ume  purifier,  as 
is  done  at  the  Westminster  works,  leads  to  a  consider- 
able saving  of  Ume,  for  there  is  an  absorption  of  the 
ammonia,  and  the  prevention  of  its  reaction  on  the 
carbonic  acid  in  the  Ume  purifier,  whereby  carbonate 
and  hydro-sulphate  of  ammonia  are  formed.  Laming's 
plan  can  only  be  used  before  the  gas  passes  into  the 
lime  purifiers. 

Supposing  the  gas  to  be  sufficiently  purified,  it  is 
next  passed  through  the  station  meter,  which  regis- 
ters the  quantity  of  gas  made  at  any  given  hour  of 
the  day  or  night.  Tliis  meter  is  similar  in  principle 
to  the  consumer's  meter,  hereafter  to  be  described. 
Attached  to  it  is  a  tell-tale,  which  serves  the  purpose 
of  pointing  out  every  irregularity  in  the  production 
of  the  gas  durmg  the  24  hours.  In  the  centre  of  the 
dial-field  is  fixed  a  circular  plate,  connected  with  a 
train  of  wheel-work,  set  in  motion  by  an  enclosed 
drum,  through  which  the  gas  passes,  indicating 
tens,  hundi-eds,  thousands,  &c.  of  cubic  feet  of  gas. 
Upon  this  circular  plate  is  fixed  a  disc  of  paper, 
divided  into  24  parts,  with  subdivisions.  Suppose 
the  meter  to  register  300,000  cubic  feet  in  24  hours, 
and  the  plate  to  be  connected  by  wheels  in  the  ratio 
of  3  to  1  to  that  index,  which  marks  100,000  in  one 
revolution;  it  is  evident  that  the  distance  travelled 
by  one  of  the  24  divisions  of  the  plate,  from  a  cei-tain 
fixed  point,  wUl  indicate  the  quantity  of  gas  made  in 
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„  300,000^ 
21 


12,500  cubic  feet.  Above 
tliis  divided  disc  is  a  time-piece,  to  the  minute-hand 
of  which  13  attached  a  detent,  furnished  with  a  pencil, 
pressing  by  a  spnug  upon  the  disc  As  the  minute 
hand  of  the  time  pitcc  revolves,  the  pencd,  by  means 
of  a  guide  fixed  to  the  meter  case,  is  legulated,  so 
that  in  the  fust  half  hour  it  will  mike  a  veiticil  line 
upon  the  paper,  in  leuijth  equ  d  to  the  dnmettr  of  (he 
circle  f(  n  lod  U  iki  iiiit    1    i  1   mc  iMucd  fioiu  the 


example,  a  gas-holder  of  the  capacity  of  30,000  cubic 
feet,  has  a  diameter  of  42  feet,  and  a  height  of  23. 
This  was  long  considered  to  be  the  largest  that  could 
be  conveniently  made  ,  but  the  W  cstminster  Gas 
woiks  are  provided  with  18  hige  gasometers,  of 
which  the  largest  is  95  feet  in  di  xmeter,  40  feet  high, 
and  of  the  capacity  of  250,000  cubic  feet ,  and  at 
the  piescnt  time  telescope  gisomcteis  160  feet  in 
diametei  aie  m  use  The  necc-sity  foi  such  abun 
dant  stowage  will  be  appaicut  fiom  the  fact,  that  at 
these  woiks  a  milhon  and  a  half  cubic  feet  of  gas  are 
produced  every  24  hours  during  the  winter  months 
Ihise  gib  holdeis  are  foimed  of  sheet  iron  plates, 
uvi  (i  I  together,  and  coated  with  (ai  on  both  sides, 
«liuh   nnkes  the  jomlb  g is  tight      "\\  hen  the  gis 


centre  to  the  point  at  which  the  detent  is  fixed ,  m 
the  second  half  houi  tlie  Ime  will  be  ictiaecd  by  the 
hand  using  agam  This  aiiangement  supposes  the 
divided  disc  to  be  stationaiy,  but  as  it  is  made  to 
lev  olve  upon  an  axis  which  is  also  the  axis  of  the 
internal  drum,  set  m  motion  by  the  gas,  the  pencd 
wdl  make  a  series  of  curved  lines,  meetmg  the  divided 
circle  of  the  disc  every  hour,  and  the  distance  tra- 
velled from  point  to  point  will  mark  the  number  of 
cubic  feet  of  gas  made  duriiv:;  every  hour  of  the  24. 
If  the  production  of  ui^  I  i  _  .!  r,  iln  '.i;  res  formed 
by  the  pencil  will  be  n  -li  ■      ,      ,    ;     n  ihr  contrary, 

any  neglect  has  ocouncd,  i  i,>   :i,._ ,  <  f  the  figui'e 

will  detect  it,  and  point  oiu  lljt  liuiu  iuid  ihe  amount 
of  difference ;  because,  if  the  speed  of  the  revolving 
disc  be  decreased,  the  figure  formed  will  approach 


r  to  the  straight  line ;  if  ii 
of  intersection  upon  the  il;\  iil-  >1  i 
apart.     The  case  of  the  - 
ovnainented,  and  has  a  1. 1     : 

The  gas  is  next  puisnl  11:0  il 
holders,  which  form  si 


ed,  the  point; 

\i  ill  be  further 

iiKiUy  much 

ir  gas- 


li  conspicuous  objects  at  gas- 
orks.  Each  gas-holder  is  a  cylinder,  closed  at  the 
top,  and  floating,  or  suspended,  with  its  open  end  in 
a  cistern  of  water.  The  dimensions  of  the  gas-holder 
are  regulated  by  the  geometrical  law,  that  a  cylinder 
has  the  greatest  capacity  with  a  given  surface,  when 
its  height  is  equal  to  half  its  diameter;  hence  the 
capacity  of  the  gas-holder  is  such,  that  when  raised  to 
its  highest  pomt  in  the  water,  its  height  is  equal  to 
the  radius  of  the  base.  It  is  usual,  however,  to  in- 
crease this  height  by  one  or  two  feet,  to  prevent  the 
possibility  of  the  gas  escaping  from  its  under  edge 
when  raised  to  the  greatest  height  in  the  water.   For 


V  uuiubei  ol  ruigb  at  tlio  top  at,  connect  on 
upper  ends  of  the  supporting  lods,  and  s 
suspend  the  gasholder  by  1  rh  1111,  which 


pipes,  one  of  whicu  oimgs  m  thegis  fiom  the  station 
meter,  and  the  othei  conveys  it  to  the  main  for  dis 
tribution  With  large  gasometers  this  gieat  body  of 
water  is  an  inconv  cnience,  especially  in  frosty  w  eathei, 
when,  to  prevent  fieezmg,  ste  im  must  bo  mtioduced. 
Hence  the  amngement  shown  m  Figs  1028,  1029, 
is  to  be  preferred.  In  this  a  central  core  of  masomy, 
brickwork,  or  sheet-iron,  takes  the  place  of  the  great 
body  of  water,  and  the  only  water  required  is  that 
in  the  rmg-shaped  space  surrounding  the  core.  In 
the  centre  of  this  core  are  two  channels  for  the  tw  0 
pipes  a  and  d,  by  one  of  which  the  gas  enters  the  gas- 
holder, and  by  the  other  it  escapes  into  the  street 
mains.  The  gas-holder,  if  small,  is  suspended  from 
its  centre  by  a  chain,  as  in  Fig.  1022,  and  to  the 
pillars  of  the  triangular  or  polygonal  cast-iron  frame 
guiding-roUcrs  are  attached,  to  keep  the  cylinder 
horizontal,  and  enable  it  to  move  easily. 

By  this  method  of  suspension  with  the  chain  and 
counterpoise,  the  greater  part  of  the  weight  of  the 
gas-holder  is  taken  off,  and  only  so  much  left  as  is 
necessai-y  to  expel  the  gas.  This  weight  must,  how- 
ever, vary  in  proportion  to  the  sinking  of  the  gasome- 
ter ;  it  must  lose  a  portion  of  its  weight  equal  to  that 
of  the  water  displaced  by  the  submerged  portion  ;  and 
hence  the  pressure  of  tlie  gasometer  on  the  contained 
gas  would  vary  according  to  its  depth  were  it  not  for 
an  ingenious  contrivance.  The  chain  wliich  bears  the 
counterpoise  is  so  adjusted  as  to  equal  one-half  the 
weight  wluch  the  gas-holder  loses  by  immersion ;  the 
weight  lost  by  the  gas-holder  in  sinking  is  replaced 
by  a  portion  of  the  chain  coming  over  the  pulley  and 
balancing  an  equal  portion  of  the  chain  on  the  other 
side,  which  is  the  same  thing  as  adding  one-half  of 
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tills  poition  to  the  side  of  llie  gasometci  By  a  m 
adjustmeiit  of  weight  m  1  I  ulk  Mnhi-t  1 1'- lioldc 
have  been  coust      i  ill 

buoyancy  of  flic  1 

a  countem  eight       I  v 

subjected  is  gem  i  i  1  i  i    i  l  jIuii 

of  uora  1  to  2  luclicb  ul  \i  itu  ■ 

The  laigc  amount  of  spice  lequired  foi  the  above 
descuptiou  of  gasonietci,  has  led  to  the  invention  of 
what  IS  called  the  telescope  gasometer,  m  hich,  with  the 
same  dianietei,will  accommodate  a  laigei  volume  of  gas 
without  increasing  the  area  of  the  ground.  This  gas- 
ometer, shown  full  and  empty  in  Figs.  1028, 1029,  con- 


sists of  2, 3,  or  more  concentric  cylinders,  the  bottoms 
and  tops  of  which,  except  the  uppermost,  arc  furnished 
with  flanges  tnrned  in  opposite  directions  ;  the  flange 
turning  outwards  and  upwards  at  the  bottom,  and  in- 
wards and  downwards  at  the  top.  The  uppermost 
cylinder  is  covered  at  the  top,  but  the  others  are 
open  both  at  top  and  bottom.    Now,  supposing  the 


ig  the  gas.    Thus,  if  th 


cyUndeis  to  be  all  sunk  in  the  cistern,  and  gas  to  be 
introduced,  the  innermost  cylinder  will  rise  first,  and 
when  its  bottom  reaches  nearly  to  the  surface  of  the 
w  iter,  its  cuu  ed  flinge  citchcs  the  flmge  of  the  next 
cylinder,  which  ilso  ri-irs  and  when  this  his  id 
vanced  sufficiently  high  it  lift  tl  i  f  P  r'^cipe 
of  the  gis  and  the  admi";  i  |  I    1  by 

the  lower  flinge  of  eich  j  i  lu 

tity  of  water  -nhich  ict  !  "-is- 

puUeysatticI    1  i       1  iger 

ones,  not  tek      ,1  P  such 

suppoits,  and  being  d  i  i  itcd  m  the  stjlc  of  incient 

amphitheatres,  are  often  imposmg  in  ippemnee 
The  gas  is  distnbuted  to  the  sti  eets  and  houses  of  the 

town  or  district  by  means  of  cast  iron  [  ipes  9  or  10  feet 

long,  cast  with  a  turned  up  margin  oi  shoulder  it  cue 

end,  and  a  mouth  piece 

at  the  other  as  in  Fig 

1031.      "When  placed 

together,  the  space  be 

tween  them  is  filled  up 

with  gi  eased  tow  and 

leaded  all   round,   so 

as  to  be  perfectly  air- 

tight.2     The    smaller 

pipes  for  the  supply  of 
houses  are  often  di-awn 
leaden  orpewter  tubes,  ^"J-  "'^'• 

but  they  ought  to  be  of  iron ;  for  if  a  leak  in  the 
pewter  pipes  take  fire,  the  surrounding  metal  will 
melt,  and  the  hole  enlarge  until  the  flame  becomes 
dangerous.  The  supply  of  gas  to  the  mains  is  a  matter 
of  importance,  not  only  as  regards  the  convenience  of 
the  consumer,  but  the  economy  and  consequent  suc- 
cess of  the  works.  In  the  dark  evenings  of  winter 
the  mains  must  be  kept  well  filled  with  gas  under  a 
certain  pressure ;  when  the  shops  are  closed  this 
pressure  must  be  moderated,  so  as  to  suit  the  dimin- 
ished consuiiiption,  and  yet  be  sufficient  to  keep  the 
street  lamps  and  llic  lights  of  juivafc  houses  burning; 


/.III,, 


1,  and 
alto- 


One  of  the  metropolilan  districts  sujiplicd  by  a 
ingle  gas  company,  is  divid.:'il  iiiln  a  number  of  sub- 
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districts,  each  of  which  consumes  a  variable  quantity 
of  gas,  some  more  and  some  less.   A  division  contain- 

iiisting  chicHy  of  private  houses;  so  lliat  the  pressure 
for  the  one  requires  to  be  greater  than  that  for  the 
other.  The  "Westminster  district,  for  example,  has 
about  20  such  divisions,  comprising  nearly  150  miles 


of  n 


1,  and  the  v 


:s  required  by  each 


ciaged  in  the  following 

In  the  superintendent's  room  is  a  number  of  small 

gasometers,   called  pressure  indicators,  and  painted 

over  each  is  the  name  of  t!ic  sub-district  intended  to 


fall  according  to  the  pressure 
in  the  mains,  with  which  it  is 
connect  cd  by  means  of  the  small 
pipe  B.  To  the  upper  part  of 
each  gasometer  is  attached  a 
vertical  i.ulccan-yiug  a  black- 
li  :i.|   ;  <  „■■'.],  vJ,:<1i  i,,  made  to 


called  a  ihrottte-cake,  so  that  if  this  were  raised  to 
its  fuU  height  it  would  completely  shut  off  the  gas, 
and  prevent  it  from  entering  the  vessel ;  c  is  the  out- 
let pipe,  by  which  the  gas  escapes  to  the  street  m 
By  adjust  big  the  counterbalance/ ar 
crease  of  pressui-e 
may  be  produced. 
Tlie    outlet    pipe 


■r  along  the 


aikeddi 


hom-s  of  the  day.  From  these 
iiours  perpendicular  lines  are 
drawn  to  the  bottom  of  the 
sheet ;  the  paper  is  also  ruled 

"^ ij        '    '      horizontally,  and  nuu'ked  from 

1^^^^  the  bottom,   sliowing   tenths. 

Fig.  1032.  By    Connecting    the    cylinder 

with  a  time-piece,  it  is  made  to  rotate  on  its  axis,  l)y 
which  means  the  pencil  draws  a  line  opposite  the  hour 
when  it  is  set  going.  If  the  pressure  be  constant  for 
a  number  of  hours,  this  line  will  of  course  be  a 
circle,  or  a  portion  thereof,  round  the  cylinder,  parallel 
with  the  top  and  bottom  edges  of  the  paper,  or  a 
straight  Hue  when  the  paper  is  uuroUed  ;  if  the  pres- 
sure vary,  the  line  will  be  diagonal  or  zigzag.  At  the 
end  of  2i  hours  the  paper  is  taken  off  the  cylinder 
and  a  new  one  added.  All  these  papers  are  preserved 
in  portfolios,  each  one  for  its  own  division,  so  that  the 
Company  has  a  permanent  record  of  the  care  and  atten- 
tion of  the  superintendent,  an  accurate  referee  in  case 
of  complaints  from  customers  of  insufficieut  supply,  and 
an  index  of  the  gaseous  wants  of  the  district,  or  of  any 
one  of  its  divisions,  to  which  light  is  dispensed. 

In  smaller  works,  where  the  district  is  supplied 
with  gas  without  such  a  system  of  subdivision,  the 
pressure  is  regulated  by  an  apparatus  called  the 
governor.  This  is  a  self-acting  instrument,  and  regu- 
lates the  supply  according  to  the  demand.  The 
governor  consists  of  a  cast-iron  tank,  a  a,  Fig.  1033, 
containing  water,  in  which  the  regulating  vessel  b  b 
floats  ;  c  is  a  cone  of  cast-iron,  suspended  by  an  eye- 
bolt  to  the  top  of  the  floating  vessel ;  d  is  the  pipe 
by  which  the  gas  enters  ;  on  the  top  of  this  pipe  is  a 
plate  i  furnished  with  an  aperture  wlueh  fits  the 
diameter  of  the  cone  at  the  base,  forming  what  is 


the  mains,  and  the 
inlet  pipe  d  with  one 
of  the  gasometers  ol 
the  works.  Now  il 
willbeevident,thatil 
the  density  of  the  ga; 
in  the  inlet  pipe  be- 
comes by  any  means 
increased,  a  larger 
quant  ity  of  gas  must  -^-; 
pass  between  the ' 
sides  of  the  adjusting 
cone  and  the  apertm-e  in  the  plate  i,  the  consequence 
of  which  will  be,  that  the  floatius'  vc>m1  h  h  will  rise, 
and  thereby  contract  the  area  i-f  '■'■■■  >  < h'iil'  in  i; 
if,  on  the  contrary,  the   g.as    i     :  '    ;  ;  >    di'- 

crease  in  density,  the  vessel  m    '    '•  '■  il"is 

enlarge   the   opening   /;    ^u    '      :  :    ii^:ly 

the  gas  may  at  any  i  im'  :■  n  .   i'      i  .nv's 

gasometers  or   ma;  ,  i  ■■     -    '  i'mg 

vessel  will  be  unifuiM.  ;:.,  I  ;i  ■  .-  :'..,:,.  Mirily 
of  the  gas  passing  iutu  liic  in.aiio  v.i.i  !).■  n.,al..r,  for, 
when  the  aperture  of  the  plate  i  would  admit  more 
gas  than  necessary  for  the  supply  to  the  mains,  the 
floating  vessel  rises,  and  diminishes  the  oiifu'c  of  the 
inlet  pipe;  and  when,  on  the  r.  ;-;:,,•'  i:i!'  ^  ilncs 
not  aUow  a  sufficient  quantily  \  •_  :■•  '  '  liom 
the  gasometers,  the  gas  pas;  r  ■  <:  i  >  _  -.  mnr 
into  the  mains,  and,  in  so  doin-  i!  ■  n^^  ,  I  u>  nuls, 
and  increases  the  orifice  of  the  udct  pipe  to  admit 
more  gas  into  the  mains.  A  more  compact  arrange- 
ment of  the  above  has  lately  been  registered,  under 
the  title  of  "Glover's  gas-light  economic  regulator." 

The  water  gas-meter,  by  which  tlie  consumer  re- 
gisters his  consumption,  maybe  thus  illustrated: — 
AVhen  a  number  of  vessels  of  a  known  capacity, 
such  as  one  cubic  foot  each,  are  arranged  round  a 
central  axis  in  such  a  manner  that,  without  any  loss 
of  gas,  one  after  the  other  shall  be  filled  with  the 
'olving,  and  for  this  pui-po: 


water,  it  follows  that  just 

there  are  vessels  that 
have  been  filled.    Stip- 


lio  feet  of  gas 


be  turned  once  round, 
thereby  indicating  the 
passage  of  four  cubic 
feet  of  gas.  In  the 
gas-meter  shown 
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four  separate  vessels,  tlicre  is  ^1111111  an  outer  cas 
a  a  more  tlum  half  filled  with  water,  a  driun 
moving  round  on  two  pivots,  and  divided  into  four 
compartments,  i,  c,  d,  e,  by  as  many  bent  partitions, 
but  enclosed  at  front  and  back  by  straight  sides. 
The  partitions  are  bent  round,  so  as  to  form  a  central 
space  g,  and  thus  the  gas  ean  pass  from  one  division 
into  the  next,  and  also  escape  into  the  outer  case  a  a 
by  slits  in  the  rim  of  the  drum.  The  gas  enters  at 
the  back  of  the  outer  case  by  a  pipe,  which  pro- 
ceeds into  the  central  space,  where  it  turns  up,  and 
rises  a  little  above  the  level  of  the  water.  One  of 
the  pivots  on  which  the  drum  works  is  fixed  in  the 
bend  of  this  tube.  A  i--  .-i  n;,..  ,.i  ]!.■  i:;,l-ht 
sides  at  the  back  i-.  i'  ■  ■,.  i  i  ,,  ■  ,  i  .  ur,  a 
tootlied  wheel.     As  ^  ,  '•:», 

it   becomes  lighter,   ,,    :    ;  i ,  .  .    ll:e 

drum  to  perform  :i  | ■  <i  -f   i  ,   .    .       :       ;  i  l'i<;. 

1034,  the  pipe  ff  is  j.       ;  I      .  i   .  .M  ]u 

the  direction  of  the  :u  ,  .  . .      \  ,'m.s 

and  brings  the  compartment  i,  iiiii  ih.         >   n       imi. 
As  this  gets  filled,  and  asern.i-,  '  ':.:,!,/ 

comes  round;  then  c  d,  uhirli,  i  >,-.,'  l!  V  I,  m.d 
rising,  completes  one  whole  revululiun.  Now  it 
will  Ije  seen,  that  as  each  compartment  rises  above 
the  level  of  the  water,  the  gas  contained  in  it  passes 
out  through  the  slit  into  the  outer  ease,  and  from 
that  along  a  tube  at  the  top  of  the  case  for  supply- 
ing the  burner.  Thus,  while  one  partition  is  rising, 
another  is  being  brought  under  the  water;  and 
while  the  one  is  parting  with  its  gas,  the  other  is 
being  tilled,  and  so  on.  The  toothed  wheel  gives 
motion  to  a  train  of  wheels,  adjusted  so  as  to 
represent,  by  means  of  hands  moving  round  dial 
plates,  the  units,  tens,  hundreds,  and  thousands  of 
revolutions  of  the  drum,  by  which  means,  the  quan- 
tity of  gas  passed  through  the  meter  can  be  read  off 
in  cubic  feet.  All  this  may  bo  further  illustrated  by 
Pigs    1035,   1030. 


1030,  the 
direction  of  the  gas 
1  luiikcdbyauows. 
llic  ho\a,  m  which 


the  gas  cease  to  enter  the  meter.  Jlotion  is  com- 
municated to  the  train  of  wheel-work  behind  the 
index  from  a  spiral  worm  w,  Tig.  1030,  fixed  on 
to  the  axis  of  the  drum  woiking  into  a  wheel,  the 
spindle  of  which  p;isses  through  the  tube  t,  sealed 
by  dipping  under  the  water  contained  in  the  c; 


e  inlet  pipe  pi-o- 
jeeting  above  the 
water  line,  convey- 
ing the  gas  into  the  meter  by  the  bent  arm  c,  Eig.  1035, 
rising  above  the  water  between  the  convex  cover 
and  the  inlet  hoods.  </  is  a  float  attached  to  the 
inlet  valve,  adjusted  so  that  when  the  water  falls 
below  the  centre  opening,  the  valve  will  close,  and 


This  form  of  meter  is  not  free  from  objections. 
The  water  is  liable  to  freeze  in  cold  weather,  where- 
by the  passage  of  the  gas  is  completely  stopped. 
Mr.  Lowe  has  proposed  the  use  of  a  solution  of 
caustic  potash  or  soda,  which  is  not  readily  affected  by 
frost,  to  replace  the  water  in  the  meter :  this  would 
also  tend  to  render  the  gas  more  pure,  should  either 
carbonic  acid  or  sidphuretted  hydrogen  have  escaped 
the  purifiers  at  the  works.  Another  objection  is,  that  if 
tlie  water-level  be  lowered,  so  that  the  same  compart- 
ment may  communicate  at  once  with  the  central  and 
outer  spaces  //  and  ,i ./,  Tig.  1034,  more  gas  will  pass 
thaneau  1)!  IV.-;  i.^.I.  Or  if  the  meter  be  tilted  for- 
wards, li.  iiliMut  being  registered  at  all. 
By  tins  !,,  ,  I  ■  ,  :iny  is  liable  to  fraud  on  the 
partof  ill- !;<•!,(  !  |a  I  'lis.  Other  meters  have  been  in- 
vented whieli  have  not  these  objections,  such  as  the  dry 
(jas-meter,  in  which  the  measuring  chambers  are  sepa- 
rated from  each  other  by  flexible  partitions  of  leather. 

In  the  dry  meter  the  gas  is  measured  by  the  num- 
ber of  times  that  a  certain  bulk  will  fill  a  chamber 
capable  of  undergoing  contraction  and  expansion  by 
tlie  passage  of  the  gas.  These  alternate  contractions 
and  expansions  of  the  chamber  give  motion  to  certain 
valvc»  and  arms  of  simple  construction,  which,  by  the 
aid  of  a  few  wheels,  are  made  to  turn  the  hand  of 
a  dial,  as  in  the  wet  meter.  In  Defries's  meter  there 
are  3  measuring  chambers,  separated  from  each  other 
by  flexible  partitions  of  leather,  partially  protected 
by  metal  plates.  The  pressure  of  the  gas,  expanding 
the  flexible  partitions,  makes  them  assume  the  form  of 
a  cone  on  cither  side,  the  motion  of  which  backwards 
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and  forwards  on  botk  sides  sets  the  measuring  ina- 
chincry  iii  motion.  By  an  action  somewhat  similar  to 
that  of  a  three-throw  pump,  a  continuous  stream  of 
gas  is  foreed  out  of  the  machme,  it  havnig  been  found 
that  with  only  two  flexible  partitions  the  lights  were 
liable  to  oscillation. 

The  constant  bending  of  the  leather  bacLwaids  and 
forwards  soon  causes  this  meter  to  get  out  of  order, 
and  it  may  even  happen  that  one  partition  may 
give  way  without  its  being  discovered,  so  tl  at  a  cus- 
tomer burning  a  large  quantity  of  gas  would  ha\e 
only  a  small  quantity  registered  Yirims  dtMccs 
have  been  attempted,  and  many  p  it     '    I  I 

remedy  the  evil  and  to  produce  i  ili 
objection.  As  far  as  we  have  bei  n 
meter  by  Messrs.  Croll  and  Glo\   r  i  i  i 

ccssful.  In  this  meter,  leather  i-.  in  ki  1  usl  1  1  ut 
merely  to  form  a  flexible  band,  «hich  dots  not  take  any 
part  in  the  measuring.  The  external  form  ot  the  meter 
is  that  of  an  oblong  box  of  iron  pi  ite  oi  gilv  auiscd 
iron.  Fig.  1037  is  a  front.  Tig  103S  a  side  view, 
and  Fig.  1039  shows  the  connexion  between  the 
measuring  apparatus  and  the  index,  is  seen  m 
looking  down  upon  the  top  of  tht  mttLi  In  the 
meter  itself  the  interior  is  not  Ai^ible,  but  in  oui 
figures  we  have  supposed  the  >;ulcs  to  \>l  (f  1,1  is-;, 
instead  of  sheet-iron,  for  the  puipose  of  showing  the 
interior  arrangements.  The  interior  consists  of  two 
short  cylinders  closed  at  one  end,  and  separated  from 
each  other  by  the  plate  p,  Fig.  103S,  and  closed  at  the 
other  ends  by  the  discs  a  a.  Now  these  cylinders 
may  be  compaied  to  a  steam  engine  w  ith  t\i  o  cylinders 


stead  of  pistons  workiug  in  cylinders,  tli 
each  cylinder  works  backward: 
purpose  each  di~~  "'~  -*'--'■• 


,^;K«..,uoau.>......-aidv,  forwhich 

attached  to  the  partition  r  by 


meaus  of  leathei  jomts,  ll,  -nhich  act  as  lunges,  and 
nllow  each  disc,  a,  to  nio\e  in  towiids  r,  and  force 
out  the  gas  contained  m  it,  or  to  recede  from  p  while  it 
is  swelling  out  under  a  fresh  supply.  Now  the  com- 
parison with  the  steam-engine  will  be  more  evident  if 
we  consider  that,  while  one  drum  is  being  filled  the 
disc  of  that  drum  is  expelling  the  gas  on  the  other 
side  to  supply  the  burners,  and  the  other  cylinder  and 
disc  aie  alternately  performing  the  same  functions. 
The  discs  a  a,  therefore,  act  the  part  of  pistons,  and  by 
their  motion  to  and  fro  afford  the  means  of  measure- 
ment they  are  kept  in  place  by  a  hinge  joint,  s, 
attached  to  the  upright  rods  nil.  £E  are  parallel 
motions  attached  to  each  disc  and  to  the  top  ])latc  of 
the  meter  The  band  of  leather,  l,  as  already  mcn- 
tiuied   does  not  assist  in  measuring  the  gas,  so  that 


mctei  Nowj  as  the  gas  passes  into  the  enclosed 
sp  ice,  aud  by  its  equal  pressure  distends  the  drum, 
the  disc  A  is  kept  parallel  with  the  partition  p  by  the 
iiiangrincut  of  levers,  Ey,  E  j,  and  .J      This  parallel 


placed   in   opposite  diicctions,  m  which,  whde 
piston  IS  desrendingm  one  it  is  ascending  in  the  other, 
and  Vice  versa,  with  this  difference,  however,  that  ir 
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half  of  a  circle,  by  meaus  of  the  jointed  IcTers,  s  r, 
attached  to  them.  At  the  top  of  these  rods  are  two 
arms,  v.'  d  c  aud  R  a.  Fig.  1039,  each  of  which,  par- 
ticipating in  the  motion  of  the  rods  r  k,  descrilies 
alternately  the  arc  of  a  circle.  A  rotatory  motion 
is  obtained  by  means  of  two  connecting  rods,  a /j, 
cb,  Fig.  1039,  attached  to  these  arms,  aud  also 
fitted  to  two  other  arms  which  work  two  n  valves, 
DD,  sUdiug  backwards  and  foi  wards  over  three 
apertures,  1,  2,  3,  Fig.  1010 ;  of  which  apertures, 
Nos.  1  aud  3  lead  to  the  inside  and  outside  of  tlie 
cylinders  respectively,  aud  No.  2  to  the  exit  pipe  e, 
Fig.  1037.     Now  it  is  the  duty  of  these  valves  to 


regulate  the  flow  of  gas  luto  aud  out  ot  the  two 
chambers  of  each  division  of  the  mstiument,  oi,  to 
return  to  the  comparison  of  the  steara-eugme  cj  lin 
ders,  to  admit  steam  or  gas  to  the  cylinders  abo\e 
and  below  the  pistons  In  the  case  befoie  us  the  gas 
is  made  to  flow  into  the  cyUnder  to  distend  it,  aud  m 
doing  so,  expels  the  gas  on  the  other  side  of  its  disc 
to  the  outlet  e  in  connexion  with  the  burners.  This 
being  done,  the  valve  is  immediately  reversed,  and  gas 
enters  on  the  side  of  the  disc  from  whence  it  was  last 
expelled.  This  process  is  alternately  performed  by  tie 
other  disc.  The  equal  and  continuous  flow  of  gas  is 
obtained  by  the  two  valves,  dd,  being  placed  at 
right  angles  to  the  double-cranked  shaft,  aud  the 
two  cranks  on  the  shaft  being  at  an  angle  of  45° 
to  each  other.  By  this  arrangement,  in  proportion 
as  the  one  valve  closes,  the  other  opens:  but  the 
closed  valve  always  begins  to  open  before  the  other  is 
quite  shut. 

Let  us  now  trace  the  course  of  the  gas  in  its  pas- 
sage through  the  meter.  But  first  it  must  be  clearly 
understood,  that  the  force  which  sets  in  motion  the 
various  parts  of  the  meter  is  the  gas  itself,  which  is 
placed  under  pressure  at  the  gas-works,  as  akeady 
plained,  in  order  that  it  may  be  driven  in  a  continuous 
stream  along  the  mains,  through  the  meters,  and  up 
to  the  burners  ot  the  consumers.  That  this  pressui 
is  amply  sufficient  for  the  purpose,  will  be  evident, 
when  it  is  considered  that  the  pressure  of  only  half- 
an-inch  of  water,  multiplied  into  the  area  of  the  disc 
1,  Fig.  1037,  which,  in  a  ten-light  meter,  is  10 
inches  in  diameter,  will  amount  to  many  pounds. 
Now,  suppose  a  continuous  stream  of  gas  under 
pressure  to  be  passiug  down  the  iidet  pipe  I,  Fig. 


1037.  It  proceeds  as  far  as  ;','  at  which  point  it  meets 
with  a  horizontal  tube  wliicji  conducts  it  into  the 
guhir  chamber.  Fig.  1040,  by  the  hole  o.  Then 
passing  down  the  open  slit  No.  1,  Fig.  1040,  it  enters 
one  of  the  cylinders,  distends  it,  and  forces  the 
gas  which  was  on  the  outside  of  the  disc  to  escape 
through  No.  2  along  a  tube  conducting  to  the  exit 
pipe  E,  Fig.  lOiO,  or  e.  Fig.  1037 ;  this  tube  being 

the  level  of  /t,  Fig.  1037.     Now,  while  this  action 

going  on — while  the  cyLiuder  on  one  side  is  being 
distended — that  on  the  other  is  already  full,  the  gas 

shut  oil  from  it,  and  made  to  pass  on  the  outside, 
where,  exerting  its  pressure  on  the  disc  a.  Fig.  1037, 
it  forces  it  inwards,  and  the  gas  escapes  along  a  short 
pipe  attached  to  either  side  of  the  partition  p  into 
No.  2  of  Fig.  1040,  and  so  escapes  to  e.  In  Fig. 
1011,  the  direction  of  the  gas  is  marked  by  the  arrows : 
it  is  passing  from  o.  Fig.  1040,  down  the  aperture  1, 
Figs  1040  and  1041,  which  leads  to  the  inside  of  the 
cylinder.  From  this  it  is  pressed  through  No.  3  into 
No  2,  aud  so  to  the  burner. 

The  triaugular  chamber.  Fig.  1040,  and  d.  Fig.  1037, 
has  no  connexion  with  the  cylinders,  &c.  below  it, 
except  through  the  tubes  akeady  indicated ;  and  the 
tKunof  w^heels,  r,  Fig.  1037,  is  also  so  boxed  in  as  not 
to  be  exposed  to  the  corroduig  action  of  the  gas.  The 
rods  R  R  pass  into  this  upper  compartment  through 
leathern  washers  and  a  stuffing  of  Berlin  wool. 

The  circular  motion  of  the  double  crank  is  trans- 
mitted by  means  of  au  endless  screw  and  a  spur- 
\\  heel.  Figs.  1039  and  1041,  along  awh-e  e,  Fig.  1039, 


to  a  simple  train  of  wheels,  which  record  their  revo- 
lutions on  the  face  of  the  dial  f.  This  dial,  Fig.  1042, 
consists  of  hands  mov- 
ing round  circles  which 
register  the  number  of 
cubic  feet  of  gas  con- 
sumed, in  units,  tens, 
hundreds,  thousands, 
&c.       The    top    circle 

right-hand  circle  hundreds;  that  is,  the  motion  of 
the  hand  from  0  to  1  shows  that  100  cubic  feet  of 
gas  have  passcil  through  the  meter ;  and,  of  cours 
complete  rcTolutiou  of  this  hand  indicates  ten  times 
that  qu.antiiy,  or  1,000  cubic  feet.  So  the  motion  of 
the  hand  of  the  centre  circle  from  0  to  1  indicates 
1,000  feet;  aud  a  complete  revolution  10,000  feet. 
The  motion  of  the  hand  from  0  to  1  of  the  left-hand 
circle  indicates  10,000,  and  a  complete  revolution 
100,000  cubic  feet.  Now,  in  reading  off  the  numbers  on 
the  circles,  we  must  take  the  number  at  which  the  hand 
is  pointing,  or  the  lower  of  the  two  numbers  that  the 
hand  may  happen  to  be  between.    If,  for  example,  the 


(1)  T 
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liand  be  anywhere  between  5  and  0,  on  any  one  of  the 

circles,  5  is  to  be  taken.     CommencLng,  then,  at  the 

left  hand,  the  hand  is  between  1  and  2  :  write  down 

10,000 

2,000  for  the  middle  circle, 

300  for  the  right-hand  circle. 

12,300 
Now,  suppose  that  iu  talciii-  Ihe  rc-l,lcr  tlu-ce  months 
before,  the  quantity  had  1h  <  n  -n   i  .m  ,  ^ ,  ,i,|ii 
subtracting  this  from  l.'        ■   _     ■         ;   ni 
of  gas  as  the  consumpti'ni  hi  i  i:  ■  i  i:  . 

Tlietop  or  units  dial  is  i:jt  u_.a  m  pj'^.-.u 
use  is  to  indicate  to  the  collector,  and  also  to  the 
consumer  that  the  meter  is  acting  properly ;  for  they 
coidd  not,  of  course,  wait  while  100  feet  were  being 
registered. 

The  profitable  consumption  of  gas,  whereby  the 
greatest  quantity  of  light  is  obtained  at  the  least 
expenditure  of  gas,  depends,  in  great  measure,  upon 
the  form  of  the  burner,  and  the  mode  by  which  t' 
flame  is  supplied  with  the  air  necessary  for  its  oo: 
bustion.  Such  arrangements  must  be  made  as  w 
ensure  the  complete  combustion  of  the  gas ;  that 
there  must  be  a  sufficient  supply  of  oxygen  to  cc 
vert  the  carbon  of  the  gas  into  carbonic  acid,  and 
tlie  hydrogen  of  the  gas  into  water.  If  the  supply 
of  oxygen  be  deficient,  the  flame  wUl  be  smoky  from 
excess  of  carbon,  and  much  light  wiU  be  lost.'  In 
such  a  case,  the  obvious  remedy  is,  either  to  diminish 
the  supply  of  gas,  or  increase  the  supply  of  air.  This 
may  be  done  by  modifying  the  form  of  tlie  gas-buruer, 
or  of  its  glass  chininey.  With  respect  to  the  form  of 
the  burner,  it  has  been  found  by  experiment  that  a 
plain  jet  i  inch  in  diameter  at  the  orifice,  will  not 
give  a  flame  free  from  smoke  of  a  greater  height  than 
2  J  inches ;  but  the  same  quantity  of  gas  which  would 
give  a  smoky  flame  from  a  plain  jet,  v;ill  burn  witli  a 
clear  bright  flame  by  extending  or  dividing  the  aper- 
ture of  the  jet,  so  as  to  expose  a  larger  surface  of 
flame  to  the  air.  It  is  not,  however,  necessary  to 
increase  the  size  or  superficial  area  of  the  flame.  It 
may  even  be  diminished  with  increased  luminous 
effect,  by  having  two  small  apertures  instead  of  one 
large  one,  by  making  them  follow  an  oblique  direction, 
so  that  the  jets  may  cross  each  other.  This  forms  the 
I'fih-ta'il  flame.  By  having  three  apertures,  we  get 
what  is  called  the  cock-spur,  Fig.  1043.  The  light  may 
be  si  ill  further  improved  by  making  a  number  of 
small  apertures  so  near,  that  all  the  jets  unite  late- 
rally into  one,  as  in  the  miion  jet.  Fig.  1044.     Instead 


liese  methods  of  improving  on  the  single  round  jet, 
e  may  be  a  slit  across  the  top  of  the  beak,  so  as  to 
a  sheet  of  flame,  as  in  the  bal-wiiig\ci,  the  swallow- 
and/ff«  jets.  Fig.  1045.     In  the  Argand  burner, 


a  circle  of  small  holes  of  equal  size  supplies  the  gas, 
and  a  current  of  air  is  ;nliiiitti;l  Ihioua-h  the  centre 

of  the  flame.-     Wilh  - 'i  ■■•: ■  i  :')it,  there  is 

a  larger  amount  of  I '.  Ill  i  '  '  !  'HM'queiilly  a 
higher  temperature  tlian  m   i-    |    im  jri  ;  but  with 

does  not  give  so  much  light  as  the  flat  flames  of  the 
fish-tail  and  bat-wing  burners.  An  Argand  Imnicr, 
which  consumes  IJ  cubic  feet  of  gas  per  hour,  alFnids 
light  equal  to  that  of  1  candle ;  an  Argand  cou- 
suniiug  2  cubic  feet  per  hour,  is  equal  to  4  candles ; 
and  when  the  consumption  is  3  cubic  feet  per  hour, 
it  is  equal  to  10  candles.  [See  Piiotcmeter— 
Lamp.]  In  this  experiment,  however,  the  quality  of 
the  gas  is  not  stated. 

The  construction  of  the  chimney  has  an  important 
influence  on  the  proportion  of  air  brought  into  con- 
tact with  the  surface  of  the  flame.  Au  unsteady 
smoky  flame  immediately  becomes  converted  into  a 
bright  brilliant  one,  by  putting  over  it  the  glass 
chiumey;  for  by  this  means  the  quantity  of  air  or 
draught  is  increased.  But  the  form  and  dimensions 
of  the  chimney  are  important  to  be  considered.  A 
short,  wide,  cylindrical  chimney  scarcely  increases  or 
diminishes  the  proportion  of  air.  Its  advantage  is  to 
steady  the  flame;  but  if  the  chimney  be  moderately 

tall   and    narrow,    or    contracted       

towards  the  top,  as  in  Fig.  lOKi, 
or  suddenly  coulractcd  near  the 
bottom,  as  in  Fig.  1047,  the 
draught  becomes  greatly  in- 
creased, and  the  light  improved.  , — - 
The  supply  of  air  to  the  flame  '^' 
may,  however,  be  too  abundant,  so  that  instead  of 
assisting  combustion,  it  may,  by  cooling  the  (hiiiic, 
interfere  therewith.  Such  is  often  the  case  with  the 
cylindrical  chimney,  and  it  was  rer 
Ami  Argand's  invention  iu  17^9,  [se. 
by  contracting  the  diaim  :<  ,  ,.{  i  \i.-  - 
ney  at  a  certain  heiL'i  i 

as  in  Fig.  1048.     The  aiaiyh;.  .- 

the  cylinder,  has  its  dircctiuu  changed  at  the  L 

shoulder,  and  is  thus  thrown  upon  tlie  flame  ^' 
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tageous  direction,  and  instead  of  cooling  the  flame, 
assists  the  combustion,  and  increases  the  illuminating 
power.  We  are  not  sure  but  that  the  best  form 
of  chimney  remains  to  be  discovered. 

In  the  use  of  gas-lights  within  doors,  some  provision 
ought  to  be  made  for  ventilation.  One  part  by 
weight  of  good  cual-gas  produces  nearly  three  parts 
by  weight,  or  about  its  own  bulk,  of  carbonic  acid 
gas,  which,  in  moderate  quantities,  is  fatal  to  animal 
life,  and  in  crowded  rooms  and  assemblies,  where 
ventilation  is  not  iittended  to,  produces  head-ache, 
faintmg,  palpitation,  and  other  distressing  symptoms. 
But  in  addition  to  carbonic  acid,  sulphurous  acid  is 
one  of  the  results  of  the  combustion  of  coal-gas,  owing 
to  tlie  presence  of  certain  sulphurous  compounds 
which  the  purification  of  the  gas  does  not  wholly 
remove.  This  sulphurous  acid,  in  contact  with  tlic 
ail-,  becomes  converted  into  sulphuric  acid,  the  cor- 
rosive action  of  which  is  e.xerted  on  the  walls  and 
furniture,  books,  pictures,  &c.  The  hydrogen  of  the 
gas  produces  water  during  the  combustion,  and  this 
often  serves  as  a  vehicle  for  conveying  some  of  the 
other  products  of  combustion. 

With  the  view  of  getting  rid  of  these  noxious 
vapours,  there  is  sometimes  suspended  above  the 
chimney  a  bcU-shaped  vessel,  from  the  upper  part  of 
wliich  proceeds  a  nan-ow  tube,  leading  out  of  the 
apartment.  By  this  means  tlie  vapours  are  carried 
away,  more  or  less  perfectly ;  but  if  the  tube  be  of 
great  lengtii,  the  contents  get  cold  and  cease  to  be 
carried  off;  so  that  the  ventilation  stops,  and  the 
vapours  get  diffused  over  the  room.  The  water  pro- 
duced by  the  hydrogen  may  even  become  condensed, 
and,  flowing  back  along  the  tube,  extinguish  the  flame. 
By  a  contrivance  of  Dr.  Faraday,  the  bell-vessel  is 
rejected,  and  a  copper  tube,  of  about  the  same  dia- 
meter as  that  of  the  flame,  conducted  from  its  summit 
out  of  the  apartment :  this  tube  becoming  heated,  a 
rapid  current  is  established,  and  the  products  of  com- 
bustion eS'eetuaUy  carried  away.  By  another  con- 
trivance of  the  same  distinguished  philosopher,  the 
ventilating  current  is  made  to  descend  between  two 
concentric  glass  chimneys,  of  unequal  height,  the 
lower  one  being  the  interior,  and  the  upper  one 
covered  with  a  disc  of  tale.  When  the  current  has 
reached  the  bottom,  it  passes  away  by  a  ventilating 
tube  bending  upwards.  The  descending  current  is 
established  by  applying  heat  to  the  bend  of  the  venti- 
lating tube,  where  it  begins  to  ascend ;  and  when  this 
cniTcnt  is  fully  established  the  gas  is  lighted,  and  tlie 
exterior  or  higher  of  the  two  chimneys  is  covered  with 
the  plate  of  mica.  The  burner  is  supplied  with  air  in 
the  ordinary  way,  and  the  products  of  combustion 
are  carried  from  the  top  of  the  inner  chimney  down 
through  the  space  between  that  and  tlie  exterior  chim- 
ney into  a  box,  in  which  terminates  the  ventilating 
pipe  for  conveying  the  vapours  outside.  A  globe  of 
ground  glass,  open  only  at  bottom,  is  placed  over  the 
lamp.  It  is  stated  that,  notwithstanding  the  two 
glass  chimneys,  a  greater  amount  of  light  is  obtained 
by  tliis  arrangement,  and  certainly  a  larger  flame,  than 
I'ith  the  ordinary  Argand  burner. 


In  the  manufacture  of  gas  there  are  certain  secon- 
dary products  which  remain  to  be  accounted  for.  A 
ton  of    coals,  weighing    on   an   average   2,2401bs., 

1  chaldron  of  coke     ....  =  I.iOllbs. 

12  gallons  of  tar =      135  „ 

10  gallons  of  ammoniacal  liquor  =      100  „ 

9,500  cubic  feet  of  gas '  .     .     .     .  =     291  „ 

Loss =     220  „ 

2,240  lbs. 

The  coal,  in  the  process  of  distillation,  increases  in 
bulk  about  2S  per  cent.  On  an  average,  about  two 
bushels  of  coke  are  obtained  from  a  cwt.  of  coals,  or 
about  01)  per  cent,  of  the  original  weight  of  coal. 
About  2.5  per  cent,  of  the  coke  is  used  as  fuel  for 
heating  the  retorts,  and  the  remainder  is  sold. 

The  tar  and  ammoniacal  liquor  or  gas  water  are 
collected  in  the  tar  cistern,  in  which  the  tar  occupies 
the  lowest  position.  The  ammoniacal  liquor  is  used 
in  the  manufacture  of  sal  ammoniac  and  carbonate  of 
ammonia.  The  tar  is  used  in  the  manufacture  of 
patent  fuel  and  of  kreosote,  and  as  a  paint  for  palings, 
&c. ;  and  in  some  gas-works  it  is  used  with  the 
coke  fuel  for  heating  the  retorts.  By  distillation, 
lOOlbs.  of  the  tar  yiehl  aljout  2Glbs.  of  an  oily  liquid, 
known  as  mal  oil ;  the  light  product  which  first  distils 
over  is  coal  naphtha.  Pitch  remains  behind ;  and  this 
is  used  largely  for  paying  wooden  piles,  ftc,  and  the 
bottoms  of  ships.  It  is  cheaper  than  the  pitch  of 
wood-tar,  but  not  of  so  good  a  quality.  Coal  naph- 
tha is  used  extensively  for  dissolving  caoutchouc,  and 
also  for  burning  in  the  naphtha  lamp.  By  impreg- 
nating coal-gas  with  its  vapour,  the  illuminating  power 
of  the  gas  is  greatly  increased.  It  was  originaUy  pro- 
posed by  Wx.  Lowe  to  fill  the  ordinary  wet  gas-meter, 
Fig.  103(),  at  the  house  of  the  consumer,  with  purified 
naphtha,  which  was  to  be  kept  filled  to  the  same  height 
from  a  reservoir  in  connexion  with  it,  and  thus  the 
gas  was  to  be  measured  and  saturated  with  naphtha 
at  the  same  time ;  or  the  gas  might  be  passed  through 
an  ornamental  vase  situated  between  the  meter  and 
the  burner.  Other  applications  of  gas-tar  will  be 
noticed  in  the  Appendix. 

It  was  calculated  in  1852  that  the  annual  consump- 
tion of  gas  in  London  and  the  environs  amounted  to 
not  less  than  4,000  millions  of  cubic  feet,  the  light 
produced  by  the  combustion  of  which  would  be  equal 
to  that  of  213  millions  of  pounds  of  tallow  candles. 
The  consumption  at  the  present  time  is  doubtless 
much  increased.  In  the  year  1852  the  annual  con- 
sumption of  coal  by  the  London  gas  companies  was 
408,000  tons.  Above  900  tons  per  day  were  con- 
sumed in  foggy  weather  in  winter.  From  1827  to  1839 
the  quantity  of  gas  consumed  in  the  Metropolis 
doubled  what  it  had  been  from  1822  to  1827;  and 
from  1837  to  1S4S  it  again  doubled  what  it  was  in 
the  preceding  ten  years.     [See  Appendix.] 

According  to  a  rough  estimate,  350,000  tons  of 
coal  would  produce  nine  times  that  sum  in  cubic  feet 
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as  (he  annual  supply  of  gas  to  the  metropolis,  ol 
which  the  leakage  and  loss  may  be  estimated  at  i.'0 
per  cent.  The  street-lamps  are  reckoned  to  burn 
4,000  hours  per  annum,  and  generally  consume  5  feet 
per  hour.  A  glance  at  the  gas-shaie  list  in  the  Jovrnul 
of  Gas-liffhliiif/,  published  every  month,  will  show  the 
enormous  extension  of  this  art  tlirougiiout  Great 
Britain  and  Ireland;  and  it  will  also  be  seen  that 
many  of  the  continental  cities  are  lighted  by  British 
companies,  of  which  there  are  about  a  thousand. 

[The  following  account  of  the  application  of  the 
refuse  products  of  tiie  Edinburgh  Gas  "Works  was 
written  for  the  first  edition  of  this  work  Ijy  the  late 
Dr.  George  Wilson,  Professor  of  Technology  in  tlie 
University  of  Edinburgh.] 

The  Edinburgh  Gas-works  are  situated  in  the 
valley  of  the  Caiinngal,-, 


the    North  British  Kai 


barrels  to  Bonuingluu  o 
the  chemical  works  are  s 
the  gas  liquor  has  been 


(■Hi- 


shaped  exactly  like  a  man's  hat,  arranged  in  the  fur- 
nace with  the  crown  downwards.  Tlicy  arc  some 
three  feet  in  depth,  and  two  and  a  half  in  diameter. 
When  charged  with  salt  they  contain  a  quantity  of 
material  sufficient  to  demand  a  week's  unceasing 
application  of  heat  for  its  subliiHn'ii  ii  Y/.tr-h  p-t  is 
covered  by  a  leaden  dome  or  cii  I 'I.        ';  '       'mi 

witli  chiy,  and  has  an  apertuvc  in  ;   -  :         .li 

wliich  the  salt  is  allowed  to  sulli  n  ,  !'       "n;c 

period  after  the  commenccmciil  i>;  :  I  ins 

occasions  a  considerable  loss  of  In,,  n  n   i   -.Lrr 

way  is  known  of  securing  a  liaiii,  in. 

Tliero  seems  reason  to  believe  th,.:  il:u  i:rn;Li.Ln  uf 
iiioisture  in  the  imperfectly  dried  salt,  is  tlie  cause  of 
its  condensing  at  the  commencement  of  the  process 
as  a  spongv  mass.     At  all  events  a  (!vm  cake  docs  not 

form     tiU'^aflM      ,.<ar      t;     ,n        Tl,-     n..>\   ,.n      .n,nnn.l 

empiricalK.   ,  -  -  ■      '     i         ,,  u.t 


Th( 


the  Calt( 

dilferi 

liq, 


n  M  rakes  of  sal  ammoniac  tnus  produced,  are  rasped  on 

,  - .  their  outer  surfaces  to  remove  any  crust  or  colouring 

IilI  hi  i  matter,  and  broken  into  wedges,  which  are  packed  in 

wliere  j  barrels  and  sent  aU  over  the  world.' 

wever,  Sulpliate  of    ammonia  is    largely  purchased    by 


Can 


igate  is 


Tlie  liqui 
nnd  heavier  being  Tak;  the  upper  and  lighter,  an  im- 
pure aqueous  solution  of  carbonate  and  hydrosnlpluaet 
of  ammonia ;  this  is  called  the  ammoiuucul  liquor,     it 
is  the  less  valuable  of  the  two  lie    ' " 
as  follows  : — To  separate  it  from 


d  by  the 

alum  makers 

\  annnoniacal  liquor  is 
nl,   and    then    "  sa!M 

:,':',: 

ution  preciiu- 
il  hv  colanders 
In'u. -els  lined 

hus  prepared, 

ich  s 


tillat 


it  is  snlijcclnd 


perforated  ladh^s. 
th  paper.     Thcsu 
relieved  to  contain  uiilv  oiualnni 
treated  '  quantity)  of  water  of  crystallisation, 
portion  of  tar  j      The  tar  containing  much  water  is  transferred  to  a 


;till  h 


1  by  a 


.cd  11 


neutralization  of  the  d:-i:  i,  ;        .      , ,  n  .;::,■ 

acid,  which  as  well  as  sn I  n    ,,;    i 

works.  The  neutralised  -' •  ■  n  i  n  ;  ;,i,  n„,|  miu 
large  caldrons,  v.'nm  i:  :  ,  ■-  n  ,i;  ,  ml  it  iias 
reached  the  ci\  I'  >    :      i  di awn  off 

into  large  vat ^  M  i,  n.         it  deposits 

multitudes  of  snniil   l.nLi,    <n  ni!      <    n^isting  of 
rows  of  minute  oetohedroiis  oi 
to  each  other.     In  cold  wcatlu 
of  sal  ammoniac  are  someti 

The  feathery  crystals  are  transferred  from  the 
troughs  to  a  drying  apparatus,  consisting  of  a  shallow 
oblong  open  box,  made  of  stone,  and  heated  by  ; 
furnace  below.     Tlie  dried  salt,  in  a  state  of  graiiu 


•  allied  iV.rius  attaclied 
T  beautiful  large  cubes 
s  produced. 


yielded,  which  is  termed  pitch-oil,  and  has  I 
used  to  impregnate  wood  so  as  to  preserve 
attacks  of  insects  and  from  decay. 
IVlnn  is  left  in  the  still  is  run  out  hot. 
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into  a  soft  solid,  wliicli  in  cold  weather  exhibits,  when 
broken,  the  most  perfect  specimens  imaginable  of 
conchoidal  fracture  on  the  largest  scale.  No  market 
at  present  exists  for  tliis  pitch.  It  is  used  at  the 
works  to  a  small  extent  as  fuel;  and  in  districts 
where  coal  or  wood  aie  dear  it  would  be  of  great 
value,  could  it  be  clieai)ly  transported.  If  distilled 
at  a  red  heat  or  thereabouts,  it  yields  a  third  volatile 
liquid  and  coke. 

At  pic^piit  nn  mnrlipt,  r,r  almost  none,  can  be  found 
for  thi-  I  ,  ■  '  '  ^^  ^  r'niipiiy  largely  consumed  at 
the  sea  ;  ■  -  '  -•  :;t  up  the  Baltic  and  else- 
wliere.  I:  ..  ;:.!  k'h  of  gas-works,  however,  on 
the  comiiicnr,  and  ihc  absence  of  duty  on  foreign 
as  distinguished  from  Britisli  tar,  has  greatly  lessened 
the  sale  of  the  latter  abroad. 

At  Bennington  they  also  make  sulphurous  acid 
from  oil  of  vitriol  and  vc2:>f  i' '  i;  :'.r  -!  .  Ilinr^s). 
The  acid  is  employed  to  sal  111  :  ■  •  I'lnf  >nJa; 

the  resulting  sulphite  being- M    .  ,  =;         akirs, 

who  employ  it,  under  the  nana;  ol  <, .. .';:,:/,'„, ,  lu  remove 
the  last  traces  of  chloride  of  lime  from  the  rags  which 
have  been  subjected  to  the  bleaching  process. 

Oil  and  Besin  Gas.  In  places  where  coal  is 
difficult  to  procure,  oil  may  be  used  in  the 


facture  of  gas :  the  crudest  oil,  c 
and  the  sediment  of  whale  oil, 
the  purpose,  and  the  process 
much  more  simple  than  in  tlie 
that  is  necessary  being  to  raise 
oil  at  a  tune  to  a  high  temperatu 
'nvented   by  Messrs.  Taylor,  i 


1  pilchard  dregs 
•e  applicable  to 
manufacture  is 
ase  of  coal ;  all 
imall  quantity  of 
The  apparatus 
15,  consisted  of 
a  furnace,  with  a  contorted  iron  tube,  containing  frag- 
ments of  brick  or  coke,  into  which,  when  red-hot, 
the  oil  was  allowed  to  drop.     Decomposition  of  the 


.  this  a 


the  exit  tube  from  the 
retort  is  conducted  into 
an  air-tight  eistem  or 
receiver,  in  which   the 

more   easily   condensed 

Y7  products    are    collected 

^^=^  in  the  liquid  state,  and 

returned  into  the  retort. 
The  gas  proceeds  from  a 
pipe  leading  from  the 
tJ  top  of  the  cistern.  In 
Pig.  1019,  a  is  the  retort, 
filled  with  pieces  of  coke 
c  of  a  heu's  egg ;  i  the  exit  tube  leading 
e  cistern  c,  Irom  which  the  pipe  d  conducts 
the  gas  to  the  gasometer.  The  coke  is  changed 
every  two  or  three  weeks,  as  the  interstices  become 
obstructed  by  the  deposit  of  carbon. 

Oil-gas  is  rich  in  olefiant  gas  :  it  contains  neither 
nitrogen  nor  sulphuretted  hydrogen;  but  it  has  more 
carbonic  oxide  than  coal-gas.  Its  illuminating 
power  is  twice  that  of  the  best  coal-gas,  and  three 


about  tl 


times  that  of  ordinary 


The  a,  ,^    >•   -. 

thclU  a.  O...  (■■:    ;.: 

(/, rig.  1050, ehci_,  ; 

to  bright  redne^^  1  -  i: 
tube  b  was  placm  i-,'.. 

clogged  by  the  bitumi- 
nous matter  which  dis- 
tilled from  the  resui ; 
the  exit  tube  b  was 
passed  into  an  air-tight 
cistern  or  hydraulic 
main  c,  kept  cool  by  a 
refrigerator,  supplied 
with  water  from  a  cis- 
tern above.  The  volatile 
oil  condensing  in  c,  was 
conducted  into  another 
cistern  d,  by  the  dis- 
charge pipe  e.  Tlie 
uncondenscd  gases  and 
vapours  passed  up  the 
pipe  /,  and  deposited 
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the  c 


into  £?  by  a  syphon  tube.  From  the  cistern  t; 
the  gas  passed  by  the  pijjc  A  into  the  gasometer. 
The  large  quantify  of  volatile  oil  collected  in  this 
process,  was  ciDii'  y\  i  ■  >"'  -Ivc  the  resin  in  the 
vessel  !,  which  v,  i,  ■  .^  ;'  :  11  iu  the  proportion 
of  S  or  10  lbs.  (  :  !   -        a  uf  oil,  the  solution 

of  the  resin  bila-  a^  .:.ir,i  i.v  ila-  heat  of  the  furnace 
below.  The  vessel  /  contained  a  wire-gauze  screen, 
to  prevent  any  solid  resin  or  impurity  from  entering 
the  retort ;  the  dissolved  resin  passed  through  the 
stop-cock  k,  funnel,  and  syphon  tube,  into  the  retort. 
A  little  acetic  acid  formed  iu  the  oil  during  the  dis- 
tillation, was  got  rid  of  by  the  addition  of  lime,  before 
the  oil  was  mixed  wiUi  the  resin.  It  is  stated  that 
1  cwt  of  resin  will  afford  from  1,000  to  1,200  cubic 
feet  of  gas,  of  the  average  specific  gravity  S50,  and 
that  2  cubic  feet  of  resin-gas  will  afford  as  much 
light  as  5  of  coal-gas. 

The  production  of  gas  from  oil,  resin,  and  other 
refuse  matter,  has  long  been  neglected  in  this  country, 
on  account  of  the  expense  of  the  crude  material. 


GAS-LIGHTIKG-GAUZE-GEARIKG. 


are  composed  of  two  horizontal  chambers,  one  above 
the  otlier,  and  conimunieatiug  at  the  back  only.  The 
cuds  of  the  chamber  are  closed  by  three  man-hole 
doors,  two  of  which  are  secured  over  the  front  ends 
of  the  eliambers,  and  the  third,  which  is  a  large  door, 
serves  to  close  the  hind  ends  of  both  chambers,  the 
tlirec  doors  all  projecting  beyond  the  brickwork 
setting  of  the  retort.  Near  the  front  eud  of  the 
upper  chamber  is  an  inverted  funnel,  of  large  diameter, 
rlosed  by  a  lever,  the  edge  of  which  is  turned  do\vn, 
and  dips  into  an  hydraulic  joint,  or  into  a  joint  filled 
with  metal  fusible  at  the  temperature  to  which  it  is 
exposed.  The  cover  is  fitted  with  a  double  syphon, 
furnished  with  a  stop-coek.  The  eduction-pipe  lead- 
ing to  the  hydraulic  mam  is  councoted  with  the  frout 
end  of  the  lower  chamber  of  the  retort.  "When  tliis 
apparatus  has  been  raised  to  the  usual  temperature, 
the  upper  chamber  is  charged  with  coke,  heaped  up 
just  beneath  the  funnel,  and  some  pieces  allowed  to 
fall  over  against  the  large  man-hole  door  at  the  back  ; 
the  lower  chamber  is  charged  with  coal  or  coke. 
A  stream  of  oil,  tar,  melted  pitch,  resin,  fat,  or  other 
analogous  matter,  in  conjunction  with  water  or  not, 
is  then  allowed  to  fall  from  the  double  syphon,  through 
the  large  fumiel,  upon  the  red-hot  coke;  it  passes 
thence,  partly  as  gas,  and  partly  as  liquid,  through 
the  upper  chamber  to  the  back  of  the  lower  one, 
along  which  it  next  pniri  i-U,  t  v,  il-  n;  ;lii'  state  of 
gas,  and  escapes,  mixed  V,  I    i:  ;.i    luctsof 

the  lower  chamber,  throi\_li  i  i   ;     ■  mto  the 

hydraulic  main.  When  tl^i;  Iuah  L:i.i:i.ljcr  is  tilled 
with  coal,  it  is  allowed  to  give  oil"  its  gas,  before  the 
liquid  is  permitted  to  flow  :  the  process  is  then  con- 
tinued without  intermission,  until  the  passages  of  the 
gas  apparatus  require  to  be  opened  and  cleaned  out. 

Water-Gas.  The  capital  discovery  of  the  compo- 
sition of  water,  and  the  ease  with  which  its  two 
volumes  of  hydrogen  can  be  separated  from  its  one 
volume  of  oxygen,  have  caused  scientific  men  to  look 
forward — somewhat  indefinitely,  it  is  true — to  the  tune 
when  water  may  couic  to  be  used  as  a  source  both  of 
light  and  of  heat.  Tlie  "manufacture  of  water-gas '' 
was  a  few  years  ago  keenly  discussed,'  and  it  formed 
the  subject  of  a  number  of  patents,  such  as  Donovan's, 
dated  1830 ;  Lowe's,  1832 ;  Manby's,  1839  ;  Val 
Marino's,  1839;  Radley's,  1845;  Lowe's,  184G; 
White's,  1847.  Of  all  these,  probably,  the  moat 
original  and  suggestive  is  Val  Marino's  ;  but  our 
limits  will  not  allow  us  to  describe  his  processes  and 
the  causes  of  failure.  The  principle  of  the  manu- 
facture of  water-gas  is  to  pass  steam  over  red-hot 
coke,  thereby  resolving  it  into  two  inflammable  gases, 
viz.,  hydrogen  and  carbonic  oxide,  and  then  to  supply 
them  with  the  requisite  aniount  of  carbon  for  lumi- 
nosity, by  passing  them  through  a  retort  in  which 
resin  or  some  other  carbonaceous  substance  is  under- 
going decomposition  by  heat.  In  the  process  patented 
by  Messrs.  Barlow  and  Gore  advantage  seems  to  have 
been  taken  of  the  failures  and  the  successes  of  their 
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processes  a 

improved  method  of  renderin 
resulting  from  the  perfect  dcc^iii  1 1  I  ,  .r 

steam ;  and  secondly,  upon  the  .■  '  •'       r 

which  hydrogen  exercises  in  prndn;:,-  ]':■■  i  i.iu-r 
upon  which  the  illuminating  power  of  g.is  ilr|i(  nds 
from  decomposition  by  heat.  The  failure  of  previous 
patentees  in  the  attainment  of  the  first  point  is  said 
to  have  arisen  from  the  imperfect  decomposition  of  the 
water  or  steam,  and  the  production  of  a  large  quan- 
tity of  vapour,  which  exerted  a  destructive  influence 
on  the  carbonaceous  matter  undergoing  decomposition 
for  the  purpose  of  rendering  the  water-gases  luminons. 
Moreover,  a  considerable  quantity  of  carbonic  acid 
was  produced,  and  this  had  to  be  got  rid  of  by  puri- 
fying, before  the  gas  coidd  be  biu-nt.  The  present 
patentees  propose  to  obviate  these  diflicultics  by  first 
condensing  the  water-gases,  so  as  to  deprive  them  of 
excess  of  vapour,  and  then  to  pass  them  through  u 
heated  retort  containing  carbonaceous  matter,  by 
which  the  whole  of  the  carbonic  acid  gas  will  be 
converted  into  twice  its  bulk  of  carbonic  oxide  gas, 
and  the  pure  hydrogen  and  carbonic  oxide  gases,  in 
equal  volumes,  free  from  carbonic  acid,  are  aftci-wards 
admitted  in  regulated  quantities  into  retorts  where 
carbonaceous  matter  is  undergoing  distillation  or 
decomposition,  and  by  which  they  arc  reiulercd  highly 
luminous.  The  conservative  iulliH  ;iii'  <!'  lr.ilp.;_'rn 
may  be  illustrated  by  the  folhnv, I      .  ,       :■     -If 

ok'Caut  gas  be  passed  througli  .'  :  ..  I  •  i  :  !  ,  ilir 
carbon  will  be  deposited,  and  thi;  f^.,.,  Ijc  LuinLilcd 
into  hght  carburetted  hydrogen ;  but  if  hydrogen  be 
added  to  the  olefiant  gas,  the  same  process  may  be 
repeated  without  causing  any  deposit  of  carbon,  and 
with  only  a  dimmntion  of  illuminating  power  in  the 
mixed  gases  due  to  the  increased  volume  of  the  hydro- 
gen. The  practical  effect  of  this  property  when  applied 
to  gas-making  is,  to  reduce  the  quantity  of  condensible 
products,  such  as  tar,  &c.,  and  to  prevent  the  deposit 
of  carbon  on  the  interior  sirrfaees  of  the  gas-rttorts. 
According  to  the  patentees,  upwards  of  50  per  cent, 
may  be  added  to  the  volume  of  gas  yielded  liy  all 
descriptions  of  materials  ordinarily  used  tni-  tliat 
purpose,  without  any  diminution  of  the  illuiniunf  ing 
power ;  so  that  15,000  cubic  feet  is  said  to  be  likely 
to  be  the  future  produce  from  one  ton  of  Kewcastle 
coal,  and  75,000  cubic  feet  of  London  gas  from  the 
same  quantity  of  Boghead  canncl,  the  ashes  of  wliieh 
may  be  used  in  the  manufacture  of  alum,  the  residue 
after  the  extraction  of  the  alumina  being  also  valuable 
in  the  maunfaeture  of  pottery,  porcelain,  and  glass, 
and  also  useful  as  a  polishing-powder  and  decolorant. 

GAUGING.    See  GAGING. 

GAUZE.  A  light,  transparent  silk  texture,  sup- 
posed to  have  been  invented  at  Gaza,  in  I'alcstme ; 
whence  the  name. 

GEARING,  or  GEERING.  A  term  applied  to 
those  mechanical  contrivances  which  arc  iutciiioscd 
between  the  prime  mover  and  the  working  parts  of 
machinery  for  the  purpose  of  trausniitting  motion. 
The  term  is  sometimes  restricted  to  the  series  of 
toothed  wheels  by  which  motion  is  conducted  from 
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one  revolving  axis  to  another,  without  reference  to 
the  shafts  and  bearings  by  which  they  are  supported. 
Two  toothed  wheels  are  said  to  be  ia  gear  when  the 
teeth  are  engaged  together ;  and  out  of  gear  when 
disengaged  or  separate.    See  Couplings — Wheels. 

GELATINE  is  a  substance  tbe  production  of 
which  is  limited  to  the  animal  creation.  When  the 
skin  and  membranous  tissues  of  animals  are  boiled 
in  water,  the  liquor,  on  cooling,  forms  a  jelly.  The 
bones,  tendons,  and  ligaments,  under  a  higher  tem- 
perature, also  yield  a  jelly,  similar  in  appearance  and 
in  properties  to  the  fonner,  but  less  agreeable  to  the 
taste.     [See  Bone.] 

The  ordinal^  sources  of  gelatine  are  clippings  of 
hides,  hoofs,  horns,  feet  of  calves,  cows,  sheep,  pigs, 
and  varions  membranes.  These  are  carefully  cleaned, 
then  subjected  to  long  boiling,  and  the  liquor  strained, 
skimmed,  and  allowed  to  gelatinize :  the  resulting 
jelly  is  stiff  and  tremulous,  and  is  called  size.  Some- 
times the  sources  from  which  size  is  obtained  are  not 
so  pure  as  the  above,  the  refuse  from  the  skins  of 
horses,  cats,  dogs,  the  cuttings  from  parchment,  vel- 
lum, and  white  leather,  and  sometimes  the  membra 
nous  parts  of  iish,  being  admitted  into  its  composition. 
Size  lias  an  intolerably  putrid  odour,  but  it  may  be 
purified  by  the  careful  application  of  sulphurous  acid. 
This  is  sometimes  done,  the  size  dried  in  thin  layers, 
and  so  used  as  a  substitute  for  isinglass.  Without 
purification,  size  is  cut  into  slices,  diicd,  and  sold  as 
glue. 

Isinglass  is  the  purest  form  of  commercial  gelatine. 
The  best  is  prejiared  from  the  air-bladders  and 
sounds  of  three  or  four  species  of  sturgeon,  inhabiting 
the  Black  and  Caspian  Seas,  and  their  tributary 
streams.  These  tissues  are  cleansed,  dried,  and 
scraped,  forming  leaf  isinglass ;  or  they  are  twisted 
into  various  forms,  and  called  long  and  short  staple  ; 
or  folded  into  packages,  called  book-isinglass.  The 
manufacture  is  chiefly  carried  on  in  Russia,  whence 
we  receive  the  best  article.  The  account  given  by 
ilartius  of  the  preparation  of  Russian  isinglass  is  as 
follows :  The  swimming  bladders  of  the  fish  are  first 
placed  in  hot  water,  carefully  deprived  of  adhering 
blood,  cut  open  longitudinally,  and  exposed  to  the 
air,  with  the  iimer  delicate  silvery  membrane  upwards. 
When  dried,  this  fine  membrane  is  removed  by  beat- 
ing and  rubbing,  and  the  swimming  bladder  is  then 
made  into  different  forms.  An  inferior  variety,  called 
ribbon  isinglass,  is  received  from  America.  Isinglass 
is  cut  by  maclunery  into  the  delicate  filaments  in 
which  we  usually  see  it  sold.  It  is  a  colourless,  in- 
odorous substance,  perfectly  soluble  in  hot  water. 
It  is  largely  consumed  as  an  article  of  food.  The 
purest  and  whitest  isinglass  is  required  for  domestic 
use,  entirely  free  from  unpleasant  odour,  and  dissolv- 
ing readily  and  completely  in  water.  It  foi-ms  a 
very  transparent  jelly,  and  is  indispensable  in  the 
prenaration  of  blanc-mange,  ices,  creams,  and  other 
deUcacies  for  dessert.  Inferior  isinglass  answers 
the  purpose  of  fining  beer,  &c.  A  solid  gelatine  in 
thin  plates  and  strings,  has  lately  been  introduced  to 
answer  the  purpose  of  ismglass.     The  best  is  trans- 


parent, ami  is  brought  from  France ;  it  is  prejiarcd 
from  the  gelatine  of  bones  by  digestion  in  dilute 
hydrochloric  acid  and  long  boiling  in  water.  It  is 
much  cheaper  than  ismglass,  but  it  is  inferior  in 
nutritive  power  and  digestibility,  properties  which 
are  diminished  by  long  decoction.  The  same  may  be 
said  of  another  substance  called  patent  opaque  gela- 
tine, which  is  prepared  from  the  cuttings  of  skins,  ant 
is  therefore  a  kind  of  glue.  Sources  from  which  these 
substitutes  are  procured  are  not  the  most  agree- 
able; nor  is  it  likely  that  in  the  more  delicate 
preparations  of  the  table  they  wUl  ever  take  the 
place  of  isinglass.  JeUies  were  formerly  supposed  to 
be  exceedingly  nutritive,  and  especially  suitable  for 
invalids ;  at  present  medical  testimony  leads  to  the 
opinion  that  they  are  less  so,  and  even  less  digestible 
than  the  flesh  or  muscular  part  of  animals.  Isinglass 
is  made  in  India,  and  has  long  been  exported  thence 
to  China.  In  most  cases  it  has  a  very  unpleasant 
fishy  odour,  wliich  renders  it  totally  unfit  for  domestic 
use.  Cod  sounds,  in  the  dried  state,  are  brought  from 
Scotland,  and  used  as  a  substitute  for  foreign  isin- 
glass. 

Diamond  cement,  or  white  fish-glue,  is  made  of 
isinglass  dissolved  in  dilute  spirits  of  wine  or  common 
gin.  The  two  are  mixed  in  a  bottle  loosely  corked, 
and  gently  simmered  in  a  vessel  containing  boiling 
water;  in  about  an  hoiur  the  isinglass  will  be  dis- 
solved, and  ready  for  use.  When  cold,  it  should  be 
an  opaque,  milk-white,  hard  jeUy :  it  is  remelted  by 
immersion  in  warm  water,  but  the  cork  should  be  at 
the  same  tune  loosened.  After  a  time  a  little  sphit 
should  be  added  to  replace  that  lost  by  evaporation. 

But  the  best  isinglass  glue  is  made  by  first  soaking 
good  isinglass  in  cold  water ;  when  swelled,  it  is  to  be 
put  into  tlie  spirit,  and  the  bottle  containing  it  set  in 
a  pipkin  of  cold  water,  which  may  be  brought  to  the 
boihng  point,  when  the  isinglass  will  melt  into  a 
uniform  jelly,  free  from  lumps  or  strings.  The  ad- 
dition of  a  little  essential  oil  diminishes  its  tendency 
to  become  mouldy. 

Glue  is  a  liighly  useful  and  important  substance, 
and  its  manufacture  is  carried  on  upon  a  large  scale, 
as  follows  :  the  parings  of  hides  and  pelts  from  the 
tanners'  and  fui-riers',  with  the  refuse  materials  al- 
ready enumerated  for  gelatine,  are  the  substances 
from  which  it  is  extracted  in  Britain.  These  are  first 
placed  in  a  Mme-pit,  aud  when  sufficiently  steeped, 
they  are  carried  in  baskets  to  a  stream  of  water  and 
rinsed,  after  which  they  are  placed  on  hurdles  to  dry. 
Whatever  lime  remains  adhering  to  them  is  converted 
into  chalk  by  the  action  of  the  air;  and  though  lime 
would  be  injurious  to  the  after  processes,  yet  the  pre- 
sence of  a  small  portion  of  chalk  is  immaterial. 

The  pieces  having  been  thus  cleansed,  the  next 
process  is  the  extraction  of  the  gelatine  from  them  by 
boiling.  For  this  pui-pose  they  are  placed  in  a  wide- 
mouthed  bag  or  net,  made  of  rope,  and  spread  open 
within  a  large  iron  caldron.  A  light  framing  of  iron 
within  the  caldron  prevents  the  bag  from  sticking 
to  its  sides.  Water  is  then  added,  and  gradually 
brought  to  the  boiling  point ;    as  the   animal  sub- 


sfances  siuk,  fresh  qiiantilics  are  added,  the  -n-hole 
being  occasionally  stiiTed  up  and  pressed  down  with 
poles.  The  state  of  the  substances  is  tested  by 
occasionally  taking  out  a  portion,  and  setting  it  aside 
to  cool:  if  a  clear  mass  of  jelly  be  produced,  the 
boiling  has  been  sufficient.  The  mouth  of  the  bag  is 
then  closed  by  means  of  cords,  and  the  bag  is  slowly 
hoisted  by  maclunery  until  it  lests  against,  or  partly 
coils  lound  a  beam  immediately  over  the  caldiou,  which 
helps  to  press  out  the  liqmd  SeeFiglUjl  In  this 
state  it  IS  left  to  diam     Meauwhde  the  content?  of 


the  caldron,  if  not  strong  enough  foi  ^lue,  can  he 
further  evaporated  by  coiif  muuig  to  a]  pl^  heat  The 
contents  of  the  bag  aie  boiled  a  second  and  a  third 
time  for  making  size ,  and  when  the  solutions  are  too 
weak  for  either  glue  oi  size,  they  are  economically 
used  instead  of  water  The  last  remaining  refuse  is 
sold  foi  manuie  Thus  every  poition  of  animal  sub 
stance  is  turned  to  piofitable  use 

The  glue  m  the  ca'dioii,  when  thicl  enough,  is 
di  aM  n  off  into  a  ves'^el  called  a  seftlinr/  had,  and 
mamtamed  at  a  tempci  ituio  which m  ill  keep  it  hquid 
This  .,nes  time  foi  the  deposition  of  solid  impurities 
and  foi  furthei  clanQcation  by  the  addition  of  luch 
fining  substances  as  the  manufacturer  may  prefer 
The  £,luL  IS  then  lun  off  into  wooden  coolers  about 
SIX  iLCt  long,  one  foot  broid,  and  two  foot  deep 
Heie  it  becomes  a  firm  jelly,  which  is  cut  out  by 
a  spade  into  squaie  cakes,  each  cake  being  deposited 
in  a  sort  of  wooden  box,  open  in  several  shts  or  dm 
sions  to  the  back  The  glue  is  cut  into  slices  by 
passing  a  brass  wire,  attached  to  a  kind  of  bow,  along 
the  shts.  These  slices  are  placed  upon  nets,  (the  marks 
of  which  arc  seen  on  the  dry  ghic.)  and  stretched  in 
wooden  frames,  and  arc  thus  rcinoved  to  the  glue- 
maker's  field,  where  they  arc  placed  in  piles,  with 
proper  intervals  for  the  admission  of  air,  each  ])ile  being 
roofed  in,  as  a  protection  from  the  weather.  The 
glue  is  turned  two  or  three  times  a-day,  and  for  this 
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purpose  the  roof  is  lifted  off  the  pile,  and  tlie  upper- 
most frame  placed  on  the  ground.  The  cakes  are  turned 
one  by  one,  and  then  the  second  frame  is  lifted  off  and 
placed  on  the  first.  The  operation  is  thus  repeated 
until  a  new  pile  is  formed  near  the  spot  where  the 
old  one  stood,  when  the  roof  is  replaced. 

During  the  diying  the  glue  is  more  likely  to  receive 

injury  than  at   any  other  period       In  veiy  viaiin 

■neather  the  cakes  aie  hable  to  become  so  soft  as  to 

lose  all  shape  and  unite  with  the  funics,  oi  they  may 

even  melt  cntiuh,  and  flow  a-nay      A  thundei  stoi  n 

sonittiines  pie\ents  a  whole  field  of  glue  fiom  Inidtn- 

m^',  wliile  a  tl         t  ake  it  all  mouldy      A 

busk  di\  it  so  suddenly  as  to 

under  it  tl  e  market      A  haul 

fi     t  I  \  I    ,  glue  may  cause  it 

1    ndtm^'iieecs- 

\  VI     sitiulesto 

11  1  r    ueniently 

1     1    ,11    VI    ithcr     The 

1  MU,   ho\VLVCi,  lb  not  Lutuely  linishcd  m  the  open 

1      When  the  glue  is  about  thice  parts  dry,  it  is 

lOvcd  into  lofts,  wheic,  m  the  couisc  of  some 

ks  01  months,  the  liaideiung  is  completed     But 

the   suifices   of  the   cakes  become  mouldy  aid 

lod,  it  is  at  length  neeessaiy  to  scoiu  them  with 

1  ill  iiig  biush  and  hot  w  a^ei,  and  s(.t  them  up  to 

11    \  aio  then  finally  ducd  oft  in  a  stove  loom 

t  d  tempeiatuie,  which,  when  they  are 

ly  selves  to  haidcn  and  impiove  them 

\  t  ve  diving  the  glue  is  fit  foi  the  maiket, 

wliLic  It  IS  judged  of  by  its  stiong  dark  eoloui,  and 

fieedom  from  cloudy  or  black  spots  when  held  to  the 

"  3'ht       The   bcltei    soits   of  glue   aie   tian  paient, 

cspcci  illy  the  thin  cakes  of  th    '^  h 

arc  of  a  clear  ambei  colour      II  Is 

without  melting  when  immei     1  ■! 

lenews  its  foimci   size  on  divii         I  if 

boltemng  it  for  use  is  tobieik  it  iiif  i    i    11  1 1  res, 

soak  24  houis  m  cold  water,  and  then  melt  slov\ly 

ovei  a  file  with  fiequent  stuimg     A\  hen  piepaied  m 

this  way  it  cools  down  into   a  stiff  jelly,  which  le- 

quues  only  a  bttle  waimmg  to  fit  it  foi  use      Glue 

must  not  be  used  in  a  fieczing  tcmperatuio 

A  stiong  compound  glue  is  n  a  le  bv  infusing  cc 


spi 


sof 


wine,  just  suflicient  t  Heat  is 

then  cautiously  apj  1     1  1   powdeied 

clulk  lb  added,  nnkii     i  |ie  white. 

A  stiong  glue,  which  will  i  b- 

tained  by  adding  half  a  pound    t  i 

two  quarts  of  skimmed  milk  i' 

nii\tnic  to  a  piopei  consistence    II  ^  1  is 

been  swelled  m  cold  water  be  immcibca  in  hiibLtd  oil 
and  heated,  it  dissolves  and  foims  a  glue  of  remaikable 
tenacity,  which,  when  once  dry,  perfectly  resists 
damp.  Ordinary  glue  may  be  thus  dissolved,  and 
a  small  quantity  of  red-lead,  in  powder,  added. 

It  appears  from  the  observations  of  M.  Schatten- 
maiin,  a  glue-maker,  (Annales  de  Chimie,  1S45,)  that 
fresh  glue  dries  much  more  readily  than  glue  that  has 
been  once  or  twice  melted ;  and  that  dry  glue  steeped 
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in  cold  ■n'atcr  alwoibs  dilTereut  quautllics  of  water 
according-  to  the  qualily  of  the  glue;   and  the  pro- 

portiuu  v.i  w;/   ,    ^  )  ,  ;,..  1  lied  may  be  used  as  a  test 

of  the  Mi:  : 

Itap;ii,.  ,  1.  .  ic  contains  water  of  compo- 
'  'on,  01  V,,,;,  1  i,iuii„  ,..;i.. lately  united  with  the  glue 
than  water  mixed  willi  it  in  the  process  of  melting, 
ich  admits  of  being  readily  disengaged  by  evapora- 
tion. The  combiiit'J  \\,itcr  of  dry  glue  disappeai'S  in 
coins  >  r  -ui  .  I  '■..  meltings  and  solidifieations 
to  will  '.  .     -  ;       ^d.     Glue  in  thin  plates  is 

all;.  I  ;  t'.iau  thick  ones,  even  when 

;lc  ttiii)  I  iie  : ;.  lie  ].'.\  1  of  gelatuie,  because  the  thin 
plates  admit  of  a  more  complete  drying  than  the 
tliick. 

In  applying  M.  Sohattenmann's  test,  dry  glue  is 
immersed  for  24  houi-s  in  water  at  the  temperature  of 
about  G0°  Ealir.  A  jelly  will  thus  be  fomicd,  the 
qualities  of  wliich  wiU  fairly  represent  those  of  the 
glue.  Eor  example :  the  finest  ordinary  glue,  or  that 
made  from  white  bones,  absorbs  12  times  its  weight 
of  water  in  2±  hours,  so  that  a  plate  weighing  3 
mmes  produces  39  of  fine  elastic  jelly.  Glus  from 
dark  boues  absorbs  9  times  its  weight  of  water,  and 
produces  not  quite  so  fine  a  jelly.  The  ordinary  glue 
of  Alsace  or  of  Germany,  made  from  animal  refuse, 
absorbs  5  times  its  weight  of  water,  producing  a  soft 
brown  jelly,  without  elasticity  and  consistence,  and 
falling  to  pieces  when  handled.  Tiie  common  glue  of 
Bologue  absorbs  3|  times  its  weight  of  water. 

Well  dried  glue  is  much  less  hygrometric  than 
badly  made  glues,  or  those  made  of  inferior  materials. 
The  latter  are  liable  to  putrefaction.  The  water  of 
composition  seems  to  be  injurious  to  the  strength  of 
glue,  which  increases  in  proportion  to  its  dryness. 

Marine  //he  has  no  gelatine  in  its  composition.  It 
is  noticed  under  Wood,  p.  1025. 

Glue  or  gelatine  has  lately  been  applied,  with  great 
success,  to  the  formation  of  moulds  for  casting.  The 
ditficulties  attending  the  use  of  sand,  clay,  plaster  of 
Paris,  wax,  Xc.  in  forming  moulds  for  casting,  are 
very  great  where  the  objects  to  be  repeated  are  com- 
plicated in  form.  About  the  beginniug  of  the  present 
century  the  Germans  introduced  the  use  of  ghie  for 
making  moulds,  which  was  not  employed  in 
country  until  about  the  year  1826,  when  Mr.  Douglas 
Eox  used  it  to  take  casts  from  anatomical  prepara- 
tions, calcareous  concretions,  vegetable  substances, 
&o. ;  and  in  order  to  give  greater  elasticity  to  the 
moulds  so  obtained,  and  to  keep  fhcni  in  a  t]i  stnte 
for  use  during  a  long  period,  he  mix-il  n  ■■  !>  ",  i  i! 
the  glue:  this,  however,  was  found  to  >!  ;:   ■ 

sm-face  of  all  white  bodies,  and  ii^  i;  .i  :  ■  ^ 
being  limited  by  this  objection,  the  plan  was  aljan- 
doned.  About  the  year  1S44  attention  was  again 
called  to  this  subject  by  the  production  in  France  of 
a  series  of  easts  in  imitation  of  ivory;  and  about 
1816  the  Society  of  Arts,  London,  offered  a  prize 
which  was  awarded  to  ^Ir.  Franchi  for  his  specimens 
of  casting  in  plaster  composition  in  imitation  of  ivory. 
At  the  time  the  award  was  made,  the  nature  of  the 
material  used  by  him  v.as  not  known ;  but  it  has  since 


proved  to  be  pure  gelatine,  and  owing  to  the  skiKul 
use  of  his  material  some  exquisite  electro-type  casts 
deposited  in  the  Geological  Museum  were  obtained 
from  objects  greatly  under-cut.  Mr.  Franchi  has 
since  found  that  he  can  obtain  from  a  gelatine  mould 
a  cast  in  gelatine  in  relief  without  losing  any  of  the 
sharpness  of  the  original.  This  has  enabled  lihn  to 
apply  objects  modelled  on  flat  surfaces  to  cylindrical 
bodies,  thus  saving  the  labour  and  expense  of  model- 
ling. One  great  advantage  of  gelatine  moidds  is,  that 
casts  without  seams  can  be  taken  from  them.' 

Gelatine  in  a  great  variety  of  forms  and  colours 
was  displayed  in  the  two  Great  International  Exhi- 
bitions, as  will  be  noticed  in  the  Appendix. 

GEMS.  The  various  gems  and  precious  stones 
used  in  the  arts  are  noticed  separately  under  theii 
respective  names.  The  conversion  of  gems  to  pur- 
poses of  ornament  will  be  described  under  LATiDAJiv- 
WORK :  for  the  art  of  engraving  on  gems  we  must 
refer  to  Seal-engiia\7xg. 

GERMAN  SILVER.    See  Nickel. 

GILDING.  Gilding  on  wood  is  a  distinct  trade 
from  gilding  on  metal ;  the  processes  and  tools  em- 
ployed are  likewise  different.  Gilding  on  wood  is  of 
two  kinds,  distinguished  as  buriiish-gildiiy  and  cil- 
gild'mg.  The  processes  connected  with  buruish- 
gUdiug  are  as  follows.  If  a  plain  picture-frame  has  to 
be  gilded,  the  gilder  receives  it  from  the  hands  of 
the  joiner,  not  in  the  shape  of  a  picture-frame,  but  in 
one  long  levelled  moulding  extending  12  feet  in  a 
straiglit  line.  This  he  has  to  prime  and  prepare  for 
gilding  by  a  number  of  processes,  which  cannot  be 
abridged  without  detriment  to  the  final  efl'ect.  He 
first  gives  it  a  priming  of  hot  size  and  whiting,  called 
thill-white.  The  size  and  also  the  whiting  employed 
for  this  purpose  must  be  of  the  best  kind,  the  whiting 
being  finely  powdered  and  stirred  in,  in  small  quantity, 
while  the  size  is  being  melted  in  an  earthen  pipkin. 
This  first  coating  of  thin-white  being  dry,  all  holes  and 
irregularities  in  the  moulding  are  afterwards  filled  up 
with  a  mixture  of  whiting  and  size  made  of  the  con- 
sistence of  putty,  but  differing  from  ordinary  putty 
in  containing  no  oU.  After  tliis,  the  moulding  receives 
four  or  five  layers  similar  to  the  first,  but  of  greater 
consistence,  and  therefore  called  thick-white.  These 
are  laid  on  with  a  brush,  and  time  is  allowed  between 
each  layer  for  the  work  to  dry.  That  the  fine  work 
of  the  moulding  may  not  be  filled  up,  opening  tools, 
such  as  crooks,  chisels,  gouges,  &o.  are  employed 
while  the  thick-white  is  still  wet.  The  forms  of  the 
\  irious  mouldings  are  perhaps  better  retained  by 
K  :iig  the  double-opening-white,  that  is,  two  thick 
« lutes  laid  on,  the  one  almost  immediately  after  the 
other,  and  worked  into  the  shape  of  the  mouldings, 
by  hard  stones  of  the  required  form,  used  in  conjunc- 
tion with  the  opening  tools. 

The  body  of  the  whiting,  which  is  now  from  one- 
sixteenth  to  one-twelfth  of  an  inch  ui  thickness,  is 
necessarily  uneven  at  the  edges,  so  as  to  require 
trimming.  This  is  the  next  0]ieration,  after  whicn 
the  whole  is  smoothed  by  pieces  of  pumice-stone, 
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adapted  to  the  forms  of  the  various  parts,  which  are 
slightly  wetted,  that  the  rubbing  may  have  the  more 
perfect  sraootliiiig  effect.  Care  must  be  taken,  how- 
ever ot  0  ub  off  too  n  el  of  tt  e  white  li  g  as  tl  e 
beauty  of  tl  e  f  me  m  nly  d  p  1  tl  o  1 1  1 
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moulding  which  has  deep  depressions,  several  1 
widths  of  gold  must  be  used,  as  a  strip  of  the 
width  of  the  moulding  would  be  torn  in  flttiug  it 
h  Hows  nd  would  e  I'l  't  '  ul  f  ct  u  s 
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sis        1  It  01       (    f     It  tethec  tt    3  of  ties    1 
I    t      t      I    1        11     ^  /    fo    cutt    ^  ooWl  af    s 
st       Us       tl     1     1   b  t  not  ve  y  sl  a  i       d  cu  1 
ell  d  I      1  1      t      n  e  t  ol  lo    1  5    „  0    tl 

11  sc  Ued     ip     nlco  of  t   o  j       s  of       1 

^lue  1  to^etl  er      tl  the  e    1     f       on  ol  11 

CO  f  ed  between  the      tl  e  re  ^  po  f  o    of  11 

1  u^tl  of  tl  e  1      s  1  ot  u  I        1  0     tl  e  c     1    to 
1  st    ce  va  y    g  f  o      one    n  1    to  t   o    uche    ?    1 

1   If     Son    t     es  tl     e  c    1       e      cul  lie 

Ittlewood     hanllesi  ^p    jendiulalvfo 
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to  1     1  ly  tl  e     0  k  ]     c  cd    as  foUow     Tl  e 

H     t  k  s  tl  e  c    1  on  a   1  suppo  ts   t  o    1      I  ft 
1     d  by  s  of  a  1    th      loop       le       th     tic 

01.      end  of  tl     c    1  on  b     „  tow     1    tl  e      it    lie 
tl   n  ll         tie  tl     the  kmfe        1       c       1    1 
le    d  betw  c    the  f     esofthelftl   ul  tl   t       1 
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1,  he      J  1  e  CO    pa  e  1  to  tl  c  0  1  p     t    ,      his 
palette  and  brushes,  all  ready  for  action. 

Taking  the  book  of  gold-leaf,  he  has  now  to  convey 
the  required  number  of  leaves  for  the  work  he  has  :' 
hand  from  the  book  to  the  cushion.  This  requires 
some  care,  on  account  of  the  fragile  nature  of 
material.  It  is  effected  without  touching  the  leaf, 
simply  by  the  breath.  Each  leaf  is  blown  gently  fror 
its  place  in  the  book,  on  to  the  cushion,  though 
learner  wiU  occasionally  blow  wide  of  the  mark.  Th 
breath  also  afterwards  assists  in  raising  and  spreading 
one  out  of  the  confused  heap  of  leaves  on  the  cushion, 
and  adjusting  it  in  front,  where  it  is  to  be  cut  out  in 
strips  according  to  the  width  of  the  mordding.     In  a 
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For  a  richly-ornamented  frame,  where  oil  gilding  i.s 
required,  the  processes  are  rather  different.  The 
moulding  is  whitened  as  before,  but  it  is  then  made 
up  to  Ihe  required  shape,  and  is  decorated  with  com- 
position ornaments  of  a  more  or  less  elaborate  charac- 
ter. The  gilder  receiving  the  frame  thus,  first  washes 
it  to  free  it  from  oil.  He  tlien  gives  it  two  or  three 
general  coatings  of  very  thin  white,  in  which  a  little 
clay,  of  a  peculiar  mellow  texture,  has  been  mixed. 
Further  coatings  must  be  given  to  the  parts  intended 
for  burnishing.  The  frame  is  now  ready  for  clear-coI", 
a  moderately  strong  size,  of  which  two  or  three  coats 
are  laid  on.     After  this  comes  what  is  called  oil  gold- 
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3  a  mixture  of  boiled  liiisecd-oil  and 
as  smoothly  as  pobsible  -wdtli  a  bmsli. 


ochre,  laid 

This  oil  gold-size  being  kid  ou  over  night,  the  fr, 
is  generally  in  the  proper  state  on  the  following 
morning  for  gilding.  This  is  effected  in  the  same 
manner  as  before,  except  that  no  water  is  used,  the 
partially  dried  oil  answering  the  same  purpose,  and 
the  gold  is  cut  into  rather  dificrently  shaped  pieces, 
according  to  the  inequalities  of  the  ornamented 
frame.  When  the  ornamcnl?  ;  .  v,,v  ,1  rn,  the 
gilding  has  to  be  repeated,  -  1  '  '  i  :  »'il  in 
with  cotton.    The  work  ii:i  i         i    i    -      1  and 

unequal  appearance,  but  is  li;  ,i^i:;  i\:<  >  •  .1  r  and 
regularity  by  means  of  a  bnisli,  -nith  wliicii  every 
part  is  carefiJly  gone  over,  superfluous  gold  being 
removed  from  some  parts,  and  worked  into  others. 
To  do  this  well,  without  scratching  or  distui-bing  any 
portion  of  the  surface,  requires  considerable  skill. 
The  process  is  called  skewiny,  and  the  particles  of 
gold  collected  from  it,  are  sold  under  the  name  of 
skcwbigs.  Tlie  clear-cole  and  oil  gold-size  are  kept 
carefully  away  from  any  parts  designed  to  be  bur- 
nished, whicli  must  be  treated  as  before  described. 
After  the  frame  is  skewed  and  dusted,  it  is  sized  with 
clear  size,  and  yellowed  on  the  outside.  The  smooth- 
ing of  elaborate  frames  is  not  effected  wholly  by 
pieces  of  stone,  but  by  seal-skin,  Dutch  rush,  and 
pieces  of  linen  cloth. 

In  rei,'iKlini;  old  frames  it  is  usual  to  wash  off  the 
old  gold  and  a  portion  of  the  gold-size  beneath,  to 
stop  up  hoh-3  with  putty,  and  then  to  lay  on  new 
gold-size,  and  re-gild.  If  tiie  f:  >:;,-  1:  -  l:-u  '.n:  m 
oil-gold,  that  camiot  be  w:i-'  '  '■ 

scoured  clean  preparatory  I 

For  !iildinL' on  metal,  or  V.  1^        ■  ^". 

Thisn„',..o'u-.--::::   .;    -      .  .•.--■.•...-..W 

byElcr.i  .  ..i:       ,       -   .     1     ■     ;:      '      :  ■>  ^  :  '  ^..v.    The 

of  the  edges  of  the  leaves  of  books,  is  described  under 
Binding^    For  the  gilding  of  pokcelain,  see  Pot 

TERY  and  TORCELAIN,  Sec.  IX. 

GIN,  from  Gemm,  or  Geiiienre,  the  jumper.  See 
Distillation. 

GIN,  a  contraction  of  en-gim.     See  Cotton. 

GINGER.  {Amomwii  ziiiziber),  a  plant,  whose  roots 
are  valued  for  their  pungent  qualities.  It  appears  to 
be  a  native  of  India  and  China,  but  succeeds  remark- 
ably well  in  the  West  Indies,  where  it  was  carried  at 
a  very  early  period,  and  whence  the  finest  ginger  is 
now  obtained.  It  is  received  in  two  states— preserved, 
and  dried.  In  the  former,  the  roots  taken  up  when 
they  are  young  and  full  of  sap,  are  scalded  till  they 
are  tender,  then  peeled  and  covered  with  a  thin  syrup. 
From  this  they  are  afterwards  removed,  placed  in 
jars,  and  a  richer  syrup  poured  over  them.  In  this 
state  they  reach  ns,  forming  one  of  the  most  delicious 
and  wholesome  of  preserves.  Dried  guiger  of  the 
best  kind  consists  of  the  best  roots  scraped,  washed, 
and  dried  in  the  sun  until  ihey  are  quite  white.  In- 
ferior roots,  scalded  m  boiling  water  before  drying,  are 
of  a  dark  colour,  aud  obtain  an  inferior  price  as  black 


ginger.  The  domestic  uses  of  ginger  are  well  kne- 
lt is  considered  a  good  stomachic,  and  an  improve) 
digestion  La  languid  habits.  The  eonsumptioa 
ginger  in  this  coimtry  is  stated  at  about  10,000  e 
per: 


,-t. 


GIRDER.  See  Carpextbt  —  Flooks  and  Par- 
titions— Roof.  Iron  girders  are  also  noticed  in 
Bridge,  Section.  VL,  and  in  Fires- Fire-pkoofixg, 
page  669. 

GLASS.  The  discovery  of  glass  is  one  of  the  great 
triumphs  of  the  useful  arts;  for  what  can  be  more 
admii-able  than  that  the  application  of  heat  to  certain 
widely  different  materials,  all  more  or  less  opaque, 
should  produce  a  homogeneous  transparent  substance, 
capable  of  being  moulded  under  the  continued  appli- 
cation of  heat  into  every  variety  of  form,  and  per- 
manently retaining  that  form  when  the  heat  is 
withdrawn?  This  discovery  was  made  long  before 
science  can  be  said  to  have  existed,  yet  it  has  been  of 
as  much  importance  in  assisting  the  advancement  of 
science  as  in  favouring  the  progress  of  civilization. 

The  use  of  glass  in  our  windows,  instead  of  the  louvre- 
boards  of  our  ancestors,  has  introduced  comfort  into 
the  meanest  dwelling  which  previously  did  not  belong 
to  the  richest  palace.  By  means  of  this  contrivance 
the  light  is  filtered  from  the  wind,  the  ram,  and  the 
cold;  we  can  enjoy  the  one  without  being  inc 
vcuienced  by  the  others;  and  we  can,  in  conjunction 
with  our  methods  of  warming,  create  an  in-d 
climate  adapted  to  our  feelings  and  desires.  The  use 
of  glass  in  many  of  our  domestic  articles  of  furniture 
Jill  \>-  il^  ri'iifributes  to  cleanliness  and  health,  for 
it  sod  on  our  glasses  and  decanters  ii 
'  1  ,  ihis  most  transparent  material,  and  the 
i^uri'v  n|  i!;o  water  and  other  liquids  contained  in 
them  is  physically  tested  by  the  same  means.  Even 
the  mirror,  whicli  adorns  our  rooms,  reminds  us  of  the 
necessary  attention  to  personal  appearance,  wli 
self-respect  as  well  as  respect  for  society  demands. 
By  mean:  of  glass  the  eye  of  advancing  age  regains 
something  of  its  youthful  vigour.  By  means  of  glas; 
the  astronomer  makes  us  acquainted  with  distant 
spheres,  and  the  naturalist  with  the  inhabitants  of 
a  drop  of  water.  By  means  of  glass  the  natural  phi- 
losopher has  discovered  the  physical  marvels  of  the 
atmosphere ;  and  the  chemist,  its  equally  wonderful 
chemical  properties.  Indeed,  science  is  greatly  in- 
debted for  its  progress  to  the  transparent  chambers  of 
glass  of  every  variety  of  shape  aud  form  so  easily  and 
so  cheaply  procured,  within  whose  transparent  walls 
processes  can  be  isolated  and  watched  without  dange 
to  the  operator.  The  whole  of  pneumatic  chemistry 
depends  ou  glass ;  as  does  also  the  existence  of  many 
of  the  most  valuable  acids,  which  could  never  have 
been  discovered,  or  if  discovered,  preserved  for  any 
length  of  time,  but  for  glass  retorts  and  glass  bottles, 

Section  I.— Historical  Notice. 
Tiie  honour  of  this  great  discovery  has  been  as- 
signed to  the  Phoenicians.    It  is  stated  by  Pliny  that 
some  mariners  who  had  a  cargo  of  niinim  (probably 
soda)  on  board,  having  landed  on  the  banks  of  the 


river  Belus,  a  small  slrcani  at  the  base  of  Mo  t 
Carmel  ia  Palestine,  aud  liudiu;;  no  stones  to  re  t 
their  pots  on,  placed  under  them  some  masses  of 
nitrum,  -which,  being  fused  by  the  lieat  with  the  sand 
of  the  river,  produced  a  liquid  transparent  stream  of 
glass.  It  is  difficult  to  imagine  how  such  a  result 
could  have  beau  produced  under  the  very  mode  ate 
heat  of  au  opeu  fire.  However  this  may  be  tl  e 
Sidouiaus  of  the  neighbourhood  are  said  to  have 
proved  upou  the  discovery,  aud  to  have  practise  I  tl  e 
new  art  with  considerable  success.  It  -n-o'll  be  much 
more  philosophical  to  suppose  that  the  discove  y  of 
glass  originated  in  the  practice  of  some  of  the  more  an 
cient  arts,  such  as  the  firing  of  bricks,  or  earthen  vessel 
and  the  reductiou  of  metals  from  their  ores,  in  wl  el 
processes  vitrifiable  materials  exposed  to  au  nte  se 
heat,  lead  to  the  production  of  an  impure  glass,  or  si  "■ 

Materials  for  a  connected  history  of  glass  do  not 
exist ;  but  it  appears  from  tlie  researches  of  lear  ed 
men  that  the  art  of  glass-working  was  pract  sod 
Egypt  before  the  exodus  of  the  children  of  Israel  f  o 
that  land,  3,500  years  ago.  Glass-blowers  at  work 
are  represented  on  some  of  the  monuments,  wh  eh  are 
proved  by  the  accompanying  hieroglyphics  to  be  as  old 
as  that  event.  Glared  pottery  was  known  at  the  san  e 
period;  and  there  has  been  found  at  Thebes  t,  gh  s 
bead,  about  |  inch  diameter,  of  the  same  spec  lie 
gravity  as  our  cruwn  glass,  on  which  is  inscribed  tl  c 
name  of  a  monarch  who  lived  1500  B.C.  The  E^yi 
tians  also  counterfeited  precious  stoues  in  glass  they 
used  it  for  driuking-vesscls,  for  mosaic  woil  tl  e 
flgnres  of  deities,  and  even  for  coffins. 

Tlie  Jews  appear  to  have  carried  with  then  f  on 
Egypt  a  knowledge  of  the  art ;  aud  subsequently  tl  e 
Greeks  and  Romans,  who  siiccessively  conq  e  el 
Egypt,  acquired  the  art  from  the  same  rema  k  1  le 
people,  or,  at  least,  discovered  among  them  a  sou  ce 
of  supply  for  articles  in  glass.  The  glass-houses  of 
Alexandria  were  celebrated  among  the  ancients  fo 
the  skill  and  iugenuity  of  their  workmen.  The  ei  e  a  y 
vases  of  greenish  glass  in  the  British  Museum,  wh  eh 
were  found  in  Roman  baiTows,  are  supposed  to  1  e  of 
Egyptian  or  Roman  manufacture.  Glass  vessels  1  ve 
been  found  among  the  ruins  of  Herculaneum  a  d 
there  is  evidence  that  glass  was  used  for  adm  tt  g 
light  to  dwellings  in  Pompeii.  From  these,  and  s 
lar  notices  of  the  early  history  of  glass,  it  is  ev  de  t 
that  it  was  during  nnuiy  ages  a  costly  luxury  We 
must,  however,  suspect  some  exaggeration  in  sucl 
statements,  as,  that  Nero  paid  6,000  scsterl  a  or 
nearly  50,000/.  sterlmg,  for  two  cups  of  clear  glass  f 
such  a  price  is  to  be  taken  as  a  representative  of  the 
value  of  glass  at  the  period  in  question.  The  state- 
ments of  the  gossiping  Pliny  must  always  be  received 
with  caution  •  but  eveu  he  does  not  confirm  the  above 
account,  but  only  remarks  that  iu  his  time  the  supe- 
rior kinds  of  glass  were  in  such  extensive  use  as  almost 
to  have  superseded  cups  of  the  precious  metals. 

Glass-making  in  Britain  appears  to  be  of  ancient 
date.  The  Druids  are  said  to  have  manufactured 
beads  aud  annulets.  Glass  vessels  were  made  by  the 
Anglo-Saxons.     The  snakc-slones  found  in  Wales  are 
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"■  one  1  t  gentlen  en  o  tl  e  so  s  ot  ol  I  ty  to 
establ  bh  a  glass  house,  o  even  to  w  o  k  tl  en 
Traces  of  the  gentility  of  the  art  which  thus  originated, 
wore  to  be  fouud  in  Erance  not  many  years  ago,  aud 
even  in  England  the  workmen  were  accustomed  to 
style  themselves  "gentlemen  glass-blowers."  The 
French  artists,  who  had  been  instructed  by  the  Vene- 
tians, were  incorporated  by  royal  charter  with  many 
important  privileges,  and  were  established  by  the 
government  at  Tourlaville,  near  Cherbourg,'  in  the 


7i)U 

year  1C65.  Tlio  art  continued  for  some  years  to  be 
almost  literally  that  of  blowing ;  but  in  16SS  the  art  of 
casting  was  invented,  or  rather  revived,  by  Thevart, 
who,  having  obtained  a  patent  for  his  invention  for  30 
years,  established  woi-ks  at  Paris  for  the  maniifactiu-e 
of  pjate  glass :  the  woi-ks  were  soon  removed  to  St. 
Gobaiu,  in  the  department  of  the  Aisnc,  which,  for 
more  than  a  century,  was  the  only  place  on  the  cou- 
tiueut  where  cast-plates  for  mirrors  could  be  procured. 
The  invention  is  said  to  have  been  suggested  by  the 
accidental  breakage  of  a  pot  containing  melted  gl; 
some  of  which  flowed  under  a  large  flag-stone : 
removing  this,  the  glass  was  found  in  the  form  of 
a  plate,  such  as  could  not  be  procured  by  blowing. 

The  Italians  were  the  first  to  apply  glass  to  the 
making  of  cameos  and  intaglios. 

The  first  English  glass-houses  were  thos( 
Criitched  Friars,  London,  established  in  1557,  for 
the  manufacture  of  window-glass ;  and  Savoy  House, 
In  the  Strand,  established  shortly  afterwards  for  the 
manufacture  of  flint-glass ;  but  it  was  not  until  1670, 
in  the  reign  of  William  III.,  that  the  art  of  making 
the  fine  Venetian  drinking-glasses,  so  much  in  request, 
was  perfected.     Thvco  years  after  this  a  plate-glass 


tensive  works  at  llavciihcad,  near  St.  Helen's,  in 
Lancashire,  which  are  still  in  active  operation.  The 
progress  of  the  glass  manufacture  in  England  was 
rapid,  in  spite  of  the  incubus  of  the  Excise  laws  under 
which  it  laboured  until  the  year  1845,  and  our  white 
crystal  glass,  and  even  our  plate-glass,  obtained  a  supe- 
riority over  that  of  any  other  country,  the  plate-glass  of 
St.  Gobain  excepted,  for  this  is  probably  the  best  in  the 
world.  Since  the  manufacture  has  been  emaueipated, 
tlie  improvements  have  been  important  and  rapid; 
glass  is  every  day  receiving  new  fonns  and  new  appli- 
cations ;  and  even  the  celebrated  ornamental  glass  of 
Bohemia  is  now  being  rivalled  by  that  of  England.  A 
clear  perception  of  beauty  of  form  and  harmony  of  colour 
is  beginning  to  be  felt  by  the  public:  this  will  lead  to 
a  demand  for  articles  designed  under  the  influence  of 
good  taste :  competent  artists  will  arise  to  gratify  it, 
and  manufactui-ers  will  be  eager  to  employ  them.  We 
are  siu'e  that  progress  in  art-manufactures  depends  as 
much  upon  the  education  of  the  public  as  on  tliat  of 
the  manufacturer.  The  influence  which  tliey  exert 
upon  each  other  is  doubtless  reciprocal,  as  all  influence 
is  :  if  the  public  taste  be  bad,  the  choicest  products  of 
art-manufacture  will  not  do  much  to  improve  it ;  and 


the  best  artist  will  have  to  comi)lain  of  neglect,  be- 
cause he  is  either  before  his  time  or  out  of  his  sphere. 
On  the  otlicr  hand,  if  the  taste  of  the  manufacturer 
be  not  at  least  equal  to  that  of  his  best  customers, 
they  will  gratify  it  in  foreign  markets,  instead  of  em- 
ploying him. 


Section  II.— Tn] 


The  t, 
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in  its  widest  sense,  is  applied  to 
those  mineral  substances  which  liquefy  and  become 
transparent  or  translucent  on  the  application  of  heat, 
remain  so  on  cooling,  and  exhibit  in  their  fracture 
what  is  called  a  vitreous  lustre.  The  term  is,  how- 
ever, more  commonly  confined  to  a  few  mineral  com- 
pounds of  saline  constitution,  by  which  is  meant 
those  substances  consisting  of  an  acid  in  combination 
with  a  base  or  metallic  oxide.  In  tlie  case  of  glass 
the  acid  is  silica  or  silicic  acid,  and  the  base  a  mixture 
of  an  alkaline  with  an  earthy  base,  such  as  lime,  or 
with  the  oxide  of  one  of  tlie  heavy  metals,  such  as  lead. 
Silica,  silicic  acid,  or  oxide  of  silicon,  consists  of 
1  equivalent  of  silicon  =  15,  and  2  of  oxygen  =  16, 
making  31,  the  equivalent  of  silicic  acid.  Silica  exists 
in  great  abundance  in  nature,  forming  a  principal 
constituent  in  rocks  and  stones,  and  existing  in  a  free 
state  in  flint,  agate,  calcedony,  rock  crystal,  and 
quartz,  the  last  two  being  its  purest  form.  Its  in- 
solubility in  water  and  most  liquids  renders  its  acid 
character,  viz.  its  disposition  to  unite  with  alkaline 
bases,  not  very  obvious.  At  a  red-heat,  however, 
silica  acts  the  part  of  a  powerful  acid,  and  is  capable 
of  expeUing  carbonic  acid,  muriatic  acid,  &c.,  and 
combining  with  bases  to  form  solid  compounds,  or 
Its,  termed  silicates.  Even  the  continued  digestion 
of  silica  in  an  aqueous  solution  of  an  alkali,  leads  to 
the  formation  of  a  silicate;  1  part  of  anhydrous 
potash,  assisted  by  the  heat  of  a  wind  furnace,  will 
bring  into  fusion  10  parts  of  silicic  acid :  by  increasing 
the  proportion  of  potash,  a  white  enamel  is  obtained  : 
1  part  of  anliydrous  soda  will  unite  with  12  parts  of 
silica. 
The  silicates  thus  formed  are  soluble  in  water,  and 
lU  be  decomposed  by  acids ;  hence,  they  are  useless 
glass.  The  silicates  of  the  earths,  such  as  silicate 
of  lime,  possess  the  same  properties  of  easy  fusibility, 
solubility,  and  decomposition  as  the  silicates  of  the 
alkalies,  but  in  a  less  degree.  In  forming  silicate  of 
lime,  the  strongest  heat  of  a  wind  furnace  is  required, 
and  the  compound  is  not  vitreous,  like  the  alkaline 
silicates,  but  stony,  and  slightly  translucent,  like 
porcelain.  Silicate  of  alumina  requires  a  very  strong 
heat  for  its  artificial  production.  Silicates  of  the 
metallic  oxides  are  formed  without  much  difficulty. 
Silicic  acid  and  oxide  of  lead  unite  in  atomic  propor- 
tions. Protoxide  of  iron  forms  several  definite  com- 
pounds with  silicic  acid,  which  are  black  or  dark  olive 
grey  in  colour.  These  silicates  of  the  heavy  metals 
easily  attacked  by  substances  possessing  a  tole- 
rably strong  amount  of  affinity  for  the  base. 

Thus  it  will  be  seen  that  no  one  of  the  above 
icates  is  adapted  of  itself  to  form  glass.     No  single 


silicate  is  traiisparcut,  free  from  colour,  fusible  at  a 
moderate  heat,  and  insoluble  in  water.  It  happens, 
however,  fortunately,  that  mixtures  of  different  sili- 
cates possess  all  these  valuable  properties  in  various 
degrees.  By  a  judicious  mixture,  the  earthy  and 
metallic  silicates  lose  their  opacity  and  disposition  to 
crystallize,  and  the  alkaline  silicates  are  deprived  of 
their  solubility.^  The  temperature  at  which  the  com- 
bination of  two  silicates  fuses  is  something  interme- 
diate between  the  high  heat  required  for  the  earthy 
silicates  and  the  low  temperature  at  which  the 
metallic  silicates  fuse,  and  this  intermediate  tempera- 
ture is  much  more  convenient  for  working. 

The  silicates  which  are  formed  by  the  hand  of  art 
differ  in  one  essential  particular  from  those  which 
exist  so  abundantly  in  nature;  that  is,  they  are 
amorphous,  or  non-crystalline  in  structure.  There  is, 
however,  one  silicate,  that  of  alumina,  which  has  a 
great  tendency  to  crystallize ;  but  by  combining  this 
with  some  other  simple  silicate,  it  becomes  amorphous. 
Most  clays  are  silicates  of  alumina ;  felspar  is  a  sili- 
cate of  alumina  and  potash ;  mica  is  a  silicate  of 
alumina  and  lime. 

Potash,  or  soda,  or  mixtures  of  both,  are  essential 
ingredients  in  all  the  common  kinds  of  glass :  the 
different  properties  of  the  various  kinds  are  mainly 
produced  by  varying  the  quality  and  proportion  of 
the  base  of  the  earthy  or  metallic  silicate.  Regarding 
glass  as  a  chemical,  and  therefore  as  a  definite  com- 
pound, the  various  kinds  have  been  distributed  in  the 
foUowins  maimer  :- 

1.  Silicate  of  potash  and  oxide  of  lead.  Examples: — 
flint,  crystal,  and  strass.  Flint  contains  more  lead 
than  crystal,  and  strass  more  than  flint. 

2.  Silicate  of  soda  and  lime  ;  or,  silicate  of  potash, 
soda,  and  lime.  Examples  : — common  window,  Emjlish 
crown,  and  plate. 

3.  Silicate  of  potash  and  lime.  Examples  ■.—foreign 
crown,  refractory  Bohemian  glass. 

4.  Silicate  of  soda,  lime,  alumina,  and  oxide  of  iron. 
Example  -.—coarse  r/reen  wine-hotHe  glass. 

The  silicate  of  lead  imparts  brilliancy  and  fusibility 
to  all  silicates  infusible  by  themselves ;  but  an  excess 
of  load  gives  a  yellowish  tint.  Silicate  of  lime  imparts 
liardness,  as  does  also  silicate  of  alumina;  and  the 
silicate  of  iron  gives  the  dark  colour  to  common 
bottle-glass.  Potash  and  soda  render  glass  easy  of 
fusion,  especially  the  former. 
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In  uuxing  die  ingredients  for  making  any  particular 
kind  of  glass,  the  law  of  equivalent  proportions  is  not 
observed.  Indeed,  there  is  no  kind  of  glass  in  common 
use  that  is  not  considerably  older  than  the  date  of 
the  discovery  of  this  grand  law.  Tliis  is  one  of  those 
instances,  so  common  in  the  useful  arts,  in  which 
success  has  been  attained  by  empirical  means,  with 
no  aid  from  sc'ence.  It  is  true  that  science  steps  in, 
and  reads  a  lecture  full  of  instruction  to  herself  on  tlie 
art  of  making  glass,  but  scarcely,  if  at  all,  benefiting 
the  glass-maker,  who  still  continues  to  mix  his  mate- 
rials aecoi'ding  to  old  rcci|ies,  and  to  preserve  his 
secrets,  as  he  calls  them,  with  jealous  care. 

The  silicic  acid  is  practically  represented  by  fine 
sea-sand.  Flints,  calcined  and  ground,  were  formerly 
used,  and  hence  the  name  of  flint-glass.  The  sand 
consists  of  minute  grains  of  quartz,  rounded  by  attri- 
tion. It  is  liable  to  be  contaminated  with  oxide  of 
iron,  the  presence  of  which  would  impart  a  sensible 
green  tinge  to  the  glass.  This  oxide  of  iron  might 
apparently  be  washed  out  by  means  of  muriatic  acid; 
but  the  makers  of  flint-glass  prefer  sand  which  is  free 
from  iron,  such  as  the  white  sand  of  Alum  Bav  in  the 

Isle  of  Wi-l,t.  thf.  <=nn.l  nf  thr.  v-'l-t  nf  T,v,n,  in  Knd'nlk, 

thesan.ls-.!  l;.-..  :'     1,     -':-.  •   1','  ,-    ~.  i        i  ^'  ll.'ni's 

iuLailc;,^!.',.'      \,      .,',,.  ,,:-,.::„  •.  :,,:,;  \.'^   t|..!l:,ua 

a  fine  saLid,  much  pn/.cd  l)y  iho  glass-iiiakri's.  Tlie 
sand  is  always  cleaned  by  washing  in  water  ;  and  it 
is  said  that  the  Isle  of  Wight  sand  requires  about 
eight  waters  to  cleanse  it  from  chalk  and  other  im- 
purities. After  washing,  the  sand  is  heated  to  redness, 
to  burn  off  vegetable  matters  :  when  cold,  it  is  sifted 
through  lawn  sieves,  to  separate  the  larger  giains, 
pieces  of  fuel,  &c. 

Carbonate  of  potash,  or  iicarlash,  is  imported  for 
the  glass-maker  from  British  America  and  Russia  :  it 
is  contaminated  with  sulphale  and  muriate  of  potash, 
and  other  impurities.  These  are  separated  by  dis- 
solving the  potash  in  water,  and  when  the  im- 
purities have  subsided  the  lye  of  relincd  carbonate 
of  potash  is  drawn  off  by  a  syphon,  and  evaporated 
to  dryness.  Pure  carbonate  of  potash  is,  however, 
now  manufactured  from  the  alkaline  residue  of  the 
nitric  acid  manufacturers,  viz.  sulphate  of  potash. 
The  alkali-makers  also  supply  the  glass-makers  vrith 
refined  pearlash. 

Lead  is  used  either  in  the  form  of  litharge  or  of 
red  lead.  Red  lead  (Pba  0.,)  is  preferred  to  litharge, 
(PbO,)  on  account  of  its  finer  state  of  division,  its 
pulverulent  form,  and  also  because  it  is  decomposed 
in  the  glass-pot  into  ordinary  protoxide  of  lead,  and 
oxygen;  the  latter,  in  escaping,  serving  to  oxidise 
and  remove  many  impurities,  such  as  carbon,  which 
woidd  impart  a  brownish  colour  to  the  glass.  Salt- 
petre is  usually  added  in  small  quantity,  to  increase 
the  dose  of  oxygen,  and  to  assist  in  driving  off  the 
globules  of  air  entangled  in  the  liquid  glass. 

A  few  ounces  of  black  oxide  of  manganese  are 
usually  added  to  the  materials  for  making  flint-glass. 
The  presence  of  manganese  assists  in  clearing  the 
fused  mass  of  colour  arising  from  carbonaceous  matters 
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and  protoxide  of  iron.  "\Mien  the  green  silicate  of 
the  protoxide  of  ii-oii  comes  in  contact  with  oi 
the  higher  oxides  of  manganese,  it  abstracts  soi 
the  oxygen  of  the  latter,  and  becomes  converted  into 
silicate  of  the  peroxide  of  iron,  which  is  almost  colour- 
less compared  with  the  sihcate  of  the  protoxide.  By 
thus  parting  with  oxygen,  the  peroxide  of  manganese 
becomes  reduced  to  the  protoxide,  which  combines 
with  silicic  acid  to  form  a  colourless  silicate.  The 
carbonaceous  matters  are  also  oxidised  by  the  per- 
oxide of  manganese,  their  carbon  being  converted 
into  carbonic  oxide  and  carbonic  acid  gases.  This 
cleansing  action  of  manganese  has  given  to  it  the 
familiar  title  oi  glass-makers'  soap.  It  must,  however, 
be  used  with  care,  for,  if  slightly  in  excess,  a  lilac 
or  amethyst  colour  is  given  to  the  glass,  in  con- 
sequence of  the  formation  of  a  compound  of  silicic 
acid  with  sesquioxide  of  manganese.  The  remedy  for 
an  accident  of  this  kind  is  to  introduce  a  pole  of  wood 
into  the  coloured  mass,  and  quickly  stir  it  up,  when 
the  sesquioxide  becomes  reduced  to  the  protoxide, 
and  the  lilac  colour  disappears.  This  operation  re- 
sembles that  ai poling,  described  in  the  article  Copper.' 

Such  is,  or  rather  ought  to  be,  the  action  of  man- 
ganese as  an  ingredient  in  glass-making.  Some 
manufacturers,  however,  use  it  to  disguise  the  bad 
colour  of  the  other  materials,  which  yield  a  green 
glass,  i.  e.  a  glass  which  transmits  yellow  and  blue 
rays,  while  it  stifles  or  absorbs  the  red.  Now,  as 
the  presence  of  manganese  contributes  to  the  forma- 
tion of  a  red  glass,  or  one  which  transmits  red  rays, 
and  absorbs  the  yellow  and  blue,  the  proportion  of 
the  manganese  is  so  artfully  contrived  that  a  mixture 
of  two  coloured  glasses  is  produced,  which  mutually 
disguise  each  other's  defects,  so  that  the  green  and 
the  red  rays  combine  together  in  the  glass,  and  thus 
transmit  white  light.  The  plate-glass  manufacturer 
sometimes  allows  a  slight  excess  of  manganese,  in 
order  to  produce  a  delicate  amethystine  tint,  which 
improves  the  complexion  of  persons  who  receive  the 
light  of  day  through  a  window.  This,  however,  is 
not  the  origin  of  the  tinted  glass  which  is  to  be  seen 
in  the  windows  of  some  of  the  houses  at  the  west 
end  of  London.  By  long  exposure  to  the  weather 
and  to  the  action  of  light,  the  red  manganese  glass 
has  in  some  way,  which  it  is  difBeult  to  explain, 
become  isolated  from  the  green,  and  so  far  predomi- 
nates, that  a  white  window-curtain,  the  roUer-blmd 
drawn  down,  or  other  light  object,  allows  the  red 
tint  to  be  distmetly  seen  from  the  street. 

Glass  is  also  liable  to  other  decomposing  influences, 
which  are  better  understood.  The  glass  of  stables  is 
peculiarly  liable  to  decomposition  and  the  exhibition 
of  |.i'-i:i:  ii<  i  'ii.urs;  but  this  is  due  to  the  ammonia 
;^;.:i'  i'  III  (jlass  which  contains  oxide  of  lead 
i  imju  being  exposed  to  air  contain- 

]:_'  -i';!!!!:. '•>  4  hydrogen;  and  such  glass,  on  being 
heated,  is  liable  to  become  black,  by  the  reduction  of 
the  oxide  to  metallic  lead.  The  action  of  hydrofluoric 
acid  on  glass  has  been  noticed  in  the  article  Fluorine. 


Glass  is  also  liable  to  change  from  what  is  caUed 
devitrification,  llcaumur  noticed  that  glass  vessels 
buried  in  a  crucible  containing  a  mixture  of  gypsum 
and  fine  sand,  and  thus  exposed  to  the  high  tempera- 
ture of  an  earthenware  furnace,  during  the  burning, 
were  deprived  of  their  lustre  and  much  of  their  trans- 
parency ;  the  fracture  was  dull  and  earthy,  but  at 
the  same  time  fibrous,  and  of  a  silky  textui-e :  a  por- 
tion of  unchanged  transparent  glass  was  generally 
left  in  the  middle,  towards  which  the  fibres  converged. 
In  an  analysis  by  Dumas  of  devitrifled  glass,  a  great 
loss  of  potash  was  noticed.  Comparative  analyses 
have  shown  that  in  a  mass  of  such  glass  different 
chemical  compounds  are  formed,  one  of  which  assumes 
the  orystaUine  form.  The  devitrifled  state  may  also 
occur  durmg  the  operations  of  working,  in  conse- 
quence of  repeated  heatmg :  certain  parts  of  the  mass 
become  opaque,  and  the  glass  too  tough  to  be  worked. 
The  brittleness  of  glass,  and  its  liability  to  break  from 
sudden  changes  of  temperature,  are  greatly  diminished 
by  devitriflcation :  such  glass  is  even  less  brittle  than 
porcelain.  Reaumur's  porcelain  is  made  of  this  kind 
of  glass. 

An  intelligent  manufacturer'  (to  whom  the  art  is 
greatly  indebted  for  a  variety  of  improvements,  and 
the  scientific  inquirer  for  access  to  the  best  sources 
of  information  connected  with  flint-glass,)  arranges  the 
various  glasses  known  in  commerce  into  two  groups, 
simple  and  compound.  Simple  glasses  are, — I.  Crown- 
glass,  which  may  consist  of  sand  5  measures,  ground 
chalk  2,  carbonate  of  soda  1  measure,  and  sulphate 
of  soda  1.  II.  Plate-glass,  which  may  consist  of 
Lynn  sand,  washed  and  burnt,  400  lbs.,  carbonate  of 
soda  250  lbs.,  ground  chalk  30  lbs.  III.  Common 
bottle-glass ;  sand  100  measures,  soapers'  waste  80, 
gas-lime  80,  common  clay  5,  rock-salt  3.  Compound 
glasses,  in  addition  to  the  above  ingredients,  contain 
certain  metallic  substances,  in  various  proportions. 
Thus,  white  enamel  contains  arsenic,  tin,  or  antimony, 
which,  as  well  as  lead,  form  distmet  qualities  of 
compound  glasses,  materially  increasing  their  speciflc 
gravity,  and  acting  as  powerful  fluxes.  The  metallic 
oxides  also  impart  colours  to  glass.  A  highly  pel- 
lucid and  transparent  ilint-glass  may  be  composed  of 
the  following  ingredients : — carbonate  of  potash  I 
cwt.,  red  lead  or  Ktharge  2  cwt.,  sand,  washed  and 
burnt,  3  cwt.,  saltpetre  14  lbs.  to  28  lbs.,  oxide  of 
manganese  4  oz.  to  12  oz.  The  mixtures  of  these 
materials  is  called  batcA,  and  when  fused,  metal. 

Soft  white  enamel  (opaque).  To  6  cwt.  of  batch 
add  24  lbs.  of  arsenic,  6  lbs.  of  anthnony. 

Uard  white  enamel  (opaque).  To  6  cwt.  of  batch 
add  200  lbs.  of  putty  prepared  from  tin  and  lead. 

Blue  Transparent  glass.  To  G  cwt.  of  batch  add 
2  lbs.  of  oxide  of  cobalt. 

Azure  Blue.  To  6  cwt.  of  batch  add  about  Gibs,  of 
oxide  of  copper. 

Buhy  Bed.  To  6  cwt.  of  batch  add  4  oz.  of  oxinc 
of  gold. 

Amethyst  or  Purple.  To  G  ewt.  of  batch  add  20  lbs. 
of  oxide  of  manganese. 


Common  Oranf/e.  To  G  cwt.  of  batch  add  12  lbs.  of 
.roil  ore  and  4  lbs.  of  manganese. 

Emerald  Green.  To  6  owt.  of  batch  add  12  lbs.  of 
copper  scales  and  12  lbs.  of  iron  ore. 

Gold  Topaz  Colour.  To  G  cwt.  of  batch  add  3  lbs. 
of  oxide  of  uranium. 

Culltt,  or  broken  glass,  may  be  mixed  with  the 
batch  of  the  above  glasses  in  suitable  proportions. 

The  specific  gravity  of  the  different  kinds  of  glass 
varies  from  2--i  to  4.  Flint  is  the  densest  kind  of 
glass,  on  account  of  the  large  proportion  of  lead  in  it ; 
its  speeiiie  gravity  v;u-ies  from  32  to  4;  plate-glass 
from  2-4  to  2-6. 

Sectiok  III. — The  Glass  Pots,  Furnace,  &c. 

It  will  be  seen  from  the  above  details,  that  the 
base  of  all  glass  is  sand,  and  that  an  alkali  is  the  chief 
solvent.  In  the  compound  glasses,  oxide  of  lead  as 
well  as  the  colouring  metals  behave  as  active  fluxes ; 
such  glasses,  therefore,  need  less  alkali  in  propor- 
tion to  the  saiid  tiian  the  simple  glasses.  In  fusing 
the  materials  of  which  they  are  composed,  and  re- 
taining them  in  a  state  of  fusion,  Hint  and  compound 
glasses  require  protection  from  the  smoke  and  flame, 
which  would  deoxidize  the  lead  and  other  metals,  and 
precipitate  them  in  the  metallic  state;  hence  these 
glasses  are  melted  in  covered  or  hooded  pots,  shel- 
tered entirely  from  the  fire.  Flint  glass  requn-cs  less 
heat  for  fusion  than  plate  or  any  of  the  simple  glasses  ; 
but  the  heat  having  to  find  its  way  through  the  solid 
walls  of  these  p-liiss  pots,  the  temperature  of  the  llmt- 
glass  f  Liruace  is  higher  than  would  be  otherwise  neces- 
sary.    On  the  Continent,  where  dried  beech  or  oak 

1  is  burnt,  open  pots  can  be  used  for  flint-glass. 
;  simple  glasses,  eroicn,  phife,  and  bottle,  could  not 
be  melted  in  a  covered  pot.  The  intense  heat  neces- 
sary for  the  fusion  of  these  requires  that  (lie  flame  of 
the  furnace  should  come  in  contact  with  the  materials, 
so  that  open  pots  are  used  in  melting  them. 

The  batch  or  frit  is  prepared  by  carefully  mixing 
the  materials  and  sifting  them  throagli  coarse  sieves. 
It  is  of  a  salmon  colour.  The  mixing  is  usually 
performed  by  hand,  and  is  therefore  imperfect,  a 
circumstance  which  is  likely  to  interfere  with  those 
chemical  changes  and  mutual  reactions  of  the  materials 
which  lead  to  the  formation  of  a  homogeneous  fluid 
transparent  body.  A  mixing  apparatus  has  been  con- 
trived by  Mr.  Chance,  for  crown-glass,  consisting  of  a 
chamber  a,  Fig.  1052,  with  an  opening  b  at  the  top 
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n-ed;  </ is  a  cUuid. i  on  the  s.ur.Hcof  which  a 
number  of  beateis  i  i  (  '  '  '  >  1  Motion  is 
given  to  the  cylind.  ul  and  mixes 

the  materials.      In  ^  i  King  wooden 

barrel  is  used,  an  1  1      l'      most  effectual 

mechauK  il  i  i  pt(  d. 

The  fliiii  ilK  in  the  form  of  a  trun- 

cated eiiu.  uid  40  or  50  feet  in  dia- 

meter at  the  bu,L  Ll  lliuiLiilreof  thisisthefurnaee, 
which  is  eucular  m  fuim,  and  in  its  action  is  inter- 
mediate between  an  air-furnace  and  an  ovlu  :  round 


for  receiving  the  materials,  and  anothei 

ou-cular  bottom,  at  c,  through  which  the  batch  : 


mfert! 


^als  : 


pof. 


I 


catch  the  wind  from  as  many  aspects  as  possible. 
There  are  as  many  flues  as  pols,  one  flue  being  placed 
between  every  two  pn*  ■\  d  v  n  i  i-  i*i '  Ik  ist  of 
each  pot  and  bet^ii  '  'i    ! 

the  working  hole,  w  t  [  In 

raw  materials  and  _         _    ^   i     il  In     u- 

rangement  of  the  hinuirc  Mill  be  uiidiiblnod  fioni 
the  plan  Fig.  1053.  The  coals  aie  shovelled  through  a 


square  hole  A  upon  the  grate  m  the  centre  of  the 
furnace  b:  the  grate  bars  are  supported  by  two 
stiong  iron  sleepers,  and  are  protected  from  the 
intense  heat  by  being  previously  covered  with  a  layer 
of  clinkeis,  potsherds,  or  broken  Welsh  lumps  ;  but 
as  the  furnace  attains  its  maximum  heat,  suiRoient 
clinkers  are  formed  to  seive  the  purpose.  A  furnace 
for  10  pots  of  36  inches  diameter  is  12  feet  7  inches 
hi  interior  diameter;  19  feet  in  exterior  diameid-, 
includiug  the  flues  :  the  height  to  the  inside  cmtre  (if 
the  dome  d  is  4i  feet ;  each  of  the  arches  is  3  f ( ( t 
1  inch  wide  by  3  feet  3^  inches  to  the  higlicst  pait. 
The  flame  or  smoke  is  not  allowed  to  issue  from  the 
centre,  it  therefore  escapes  by  the  linnet  holes  (;, 
below  the  foot  of  the  dome.  Fig.  1054,  and  passing 
up  the  flues  f  discharges  into  the  briek  dome  and  from 
thence  into  the  funnel  and  chinniey  shaft.  The  fire 
is  regulated  by  the  tisetir,  who  can  raise  the  heat  of 


the  furnace  to  the  highest  pitch  by  opening  holes  i 
the  bottom  of  the  grate.  A  tcn-pot  furnace  e-^' 
sumes   from   IS  to  21  tons  of  coal  per  week. 


udditiou  to  the  prmcipal  furnace,  there  is  also  opening 
into  the  glass-house  the  end  of  a  long  gallery  called 
the  leer  or  annealing  arch,  Fig.  1066,  in  which  the  manu- 
factured goods  are  allowed  to  cool  gradually.  There 
is  also  a  small  funiace  for  softening  the  glass  during 
the  fabrication  of  a  vessel  when  too  large  to  be  heated 
before  one  of  the  woikmg  hole^  In  Mr  Pellitts 
glasshouse  the  interior  of  winch  is  shown  m  Pig 
lOoo  the  pots  are  arranged  differently  to  tliose  in  the 
plan  li"-  lOoo  for  instead  cf  one  laige  furnace  he 
Ins  t«o  small  ones  both  opening  into  the  same 
chimiu  y  so  thit  while  one  is  m  full  oferation  the 
0  cci  may  be  undergoing  rep  ir  or  not  be  woiked 
at  ill  shoull  the  trade  not  be  bri  k  This  anangc 
n   rtl  ad<itoenn  il  laMe  r     lo         f  fu  1 


The  pots  for  flint-glass  i 
a  moath  in  front.  They  a 
refractory  clay,  free  from  lini' 
containing  a&  little  oxide  of  ii 


hooded,  and  have 
made  ot  fine,  pure 
pyrites,  and 
as  possiblf 


_e  clay,  which  contains  little  besides  silicic  acid 
and  dlui.iina,  is  well  adapted  for  the  purpose.  About 
one-fifth  of  old  pots  ground  is  used  with  the  clay : 


this  assists  the  more  regular  drying  of  the  pots, 
and  renders  the  whole  body  more  porous  and  less 
likely  to  crack  by  heat.  The  pots  are  built  with- 
out the  use  of  moulds.  The  old  and  new  clay  are 
mixed  together,  saturated  with  water,  and  kneaded  by 
the  feet  of  men  three  times  over,  until  the  mass  has 
acquired  a  pasty  consistence.  It  is  then  roUed  into 
small  pieces  about  the  size  of  a  sausage,  and  these 
wet  rolls  are  placed  together  upon  a  leaden  slab  to 
the  thickness  of  4  inches  to  form  the  bottom ;  the 
mass  is  then  beaten  with  a  wooden  mallet,  and  pressed 
by  hand.  The  sides  are  raised  by  pressing  the  clay 
rolls  from  the  inside  of  the  cuitc,  upon  the  roUs  pre- 
viously applied,  so  as  to  exclude  the  air  and  leave  the 
substance  of  the  sides  from  2J  to  3  inches  thick. 
The  dome  is  coutinued  in  the  same  manner,  circle 
upon  circle,  diminishing  towards  the  centre.  When 
the  pot  thus  formed  is  sufEciently  hard,  the  mouth  is 
cut  open  and  finished  Expeuence  has  proved  that 
kneadin"  bv  the  naked  teet  is  better  than  by  a  pug- 
mill  01  I  111  II  clay  IS  kneaded  in  a  room 
ot  mill  t  below  55°,  nor  above  80°, 

as  It  1  the  pots  too  quickly.  The 

pots     1  1  1   n  liom  4  to  6  months. 

^\  hen  sulh  itutl\  In  tl  t\  a  e  len  o\cd  to  a  hot  room 
of  from  100  to  loO  Befoie  setting  in  the  furnace  a 
pot  IS  aniicaltd  m  the  aich  \\heie  it  is  kept  for  a  week 
01  nioie  andgiiduall)  lai  ed  to  a  white  heat.  Theflint- 
ghss  pots  li^  lOof  will  contain  about  IS  cwt.  of 
1  cited  ghss    th  v  inc  suic  3  leet  external  diameter; 


1  to  the  GUiuo-  part  and  weigh  about 
1  c  I  11  L  hoise  shoe  foimed  piece  shown  in  rig. 
lOal)  is  used  foi  contracting  the  mouth  of  the  pot. 
Tor  colouied  gla  s  3  small  pots  2  side  by  side  and  1 
above  as  in  Fig  10o7  are  used  m  melting,  and  the  3 
fill  up  the  same  space  m  the  furnace  as  that  occupied 
bv  one  large  pot 

The  settm"  of  a  new  pot  is  a  very  arduous  under- 
taking. It  IS  generally  performed  at  the  end  of  the 
week,  when  the  work  of  the  glass-house  is  slackened. 
All  hands  are  required  to  be  present,  absentees,  except 
from  illness,  being  fined  severely.  The  Editor  wit- 
nessed the  operation  a  few  years  ago,  and  described 
it  in  his  work  on  the  UsefiJ  Arts :  the  following, 
with  a  few  additional  particulars,  is  taken  therefrom. 
The  first  part  of  tjie  process  was  to  get  out  the  old 
pot,  wdiich  had  done  duty  for  seven  months,  but  was 
now  rendered  worthless  from  having  "sprung  a  leak." 
The  heat  of  the  glass-furnace  is  sufficiently  intense 
to  an  unpractised  looker-on,  during  the  ordinary 
operations  of  glass-blo-nang,  &c.,  when   the   fire   b 


covered  up  by  badly  couductiug  materials,  with  tlic 
exception  of  a  few  apertures  for  getting  out  tlie  glass 
and  heating  the  tools,  &c. ;  but  now  the  wall  of  one  of 
the  arches  was  to  be  taken  down,  thus  exposing  the 
men  to  the  naked  heat  of  a  huge  furnace.  The  men 
were  about  2i  in  number,  2  or  3  of  whom  worked  at 
a  time,  and  were  frequently  relieved. 

The  difficulty  of  getting  out  the  old  pot  was  very 
great,  owing  to  the  firm  hold  which  it  had  on  tli'c 
lloor  of  the  furnace :  it  was  iii  fact  cemented  to  its 
siege  by  the  glass  which  escaped  from  the  crack 
whereby  it  was  rendered  useless ;  and  this  cementing 
glass  became  more  and  more  difficult  to  loosen,  as  the 
current  of  air  which  rushed  towards  the  uow  large 
opening  solidified  the  glass.  The  men,  therefore, 
had  to  work  at  the  bottom  of  the  crucible  with  a  large 
iron  bar,  steeled  and  sharpened  at  the  point,  placed 
across  another  bar  or  roller  as  a  fulcrum,  and  resting 
their  weight  at  the  end  of  this  long  lever  endeavoured 
to  loosen  llie  pot.  Six  or  eiglit  other  men  were  also 
furnished  each  with  a  bar  about  5  feet  long,  like  a 
javelin,  steeled  and  sharpened  at  one  end;  these 
rushed  forward,  guarding  their  faces  with  their  up- 
raised arms,  and  aimed  a  blow  at  the  rocky  incrusta- 
tions 0!i  the  siege.  By  such  means  large  pieces  of 
glass,  soiled  and  blackened  by  the  ashes  of  the  furnace, 
were  brought  away,  together  with  fire-brick,  masses  of 
clay,  and  sometimes  pieces  of  the  pot  itself.  The  men 
who  worked  the  large  bar  gave  a  few  blows,  and  then 
retreated  from  the  fierce  heat,  to  be  succeeded  by  two 
or  three  others,  who  in  like  manner  performed  their 
brief  but  arduous  task,  and  then  retreated  to  the 
shelter  furnished  by  the  massive  wall  of  the  furnace. 

At  length,  the  pot  being  loosened  all  round,  its 
base  was  elevated  by  crowbars,  and  a  low  iron  truck 
moving  on  two  wheels  thrust  under  it,  and  thus  it 
was  witlidrawn  and  thrown  aside  at  some  distance. 
The  floods  of  heat  which  now  radiated  from  the 
opening  were  terrible :  before  this,  the  side  of  the 
pot  nearest  the  opening,  by  its  contact  with  the  air, 
had  cooled  somewhat,  and  served,  to  some  extent,  to 
keep  off  the  full  glare  of  the  furnace ;  but  now  there 
was  no  shield — no  defence.  And  here  was,  perhaps, 
the  most  arduous  jiart  of  the  operation ;  the  siege,  or 
platform,  slightly  raised  above  the  floor  of  the  fur- 
nace, was  to  be  repaked  to  receive  the  new  pot ;  for 
this  purpose,  the  most  fire-proof  workman  was  se- 
lected :  he  was  furnished  with  a  kind  of  shovel,  with 
a  handle  14  or  15  feet  long  resting  on  the  roller 
before  noticed ;  a  number  of  men  stood  by,  each 
holding  a  hunp  of  kneaded  fire-clay ;  one  of  these 
men,  as  he  was  directed  by  the  foreman,  went  up  to 
the  mouth  of  the  opening,  and  placing  his  lump  of 
clay  on  the  shovel,  quickly  retreated ;  the  clay  was 
then  deposited  on  the  siege,  and  worked  quickly  with 
the  spade ;  a  second  man  advanced  with  a  second  lump, 
which  in  its  turn  was  made  to  fill  up  some  irregidarity 
in  the  siege,  and  thus  piece  after  piece  was  deposited, 
until  a  tolerably  even  bed  was  produced.  Meanwhile, 
another  party  of  men  were  ready  with  the  iron  truck 
at  the  annealing  oven,  the  doors  of  which  were  at  a 
given  signal  thrown  open,  showing  the  pot  glowing  at 
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a  bright  red  heat.  To  thrust  the  projecting  bars  of 
the  truck  into  the  mouth  of  the  new  pot  and  bring  it 
out,  was  the  work  of  a  moment :  it  was  quickly 
wheeled  to  the  furnace,  deposited  in  its  place,  and 
bciii!^'-  laid  liy  crowbars,  the  truck  was  removed, 
1].'  ',:  I.  ii  i  ■  i. :  i.rcomplished  with  a  dexterous  celerity 
I  i  a  satisfied  the  looker-on.     The  next 

:  ;  ii  Hjn  was  to  close  up  the  opening,  for 
iJili  yt.'j"  >  two  heated  masks  of  fire-clay  were 
liiought  Oil  shovels :  these  rose  from  the  ground 
about  a  yard  high,  and  upon  them  were  placed  bricks 
and  fire-clay.  The  mouth  of  tlic  pot  being  stopped 
with  a  temporary  screen  of  clay,  tlie  rest  of  the 
opening  was  closed  up  witli  great  despatch  by  a 
number  of  men,  each  bearing  a  portion  of  clay,  or  a 
brick,  which  ho  knew  precisely  where  to  deposit.  The 
operation  thus  concluded  occupies  three  or  four 
hours,  and  is  one  of  great  fatigue,  excitement,  and 
even  danger.  The  necessity  for  this  operation  may 
not  occur  for  months,  but  when  it  does,  not  more  than 
two  pots  can  be  set  in  the  same  week,  for  if  more 
were  attempted,  the  furnace  would  get  too  cold,  and 
endanger  the  setting  of  the  glass  in  the  other  pots. 
Good  pots  last  about  three  months  each ;  some  will 
last  above  twelve  months,  but  thoy  wear  thin  at  the 
back,  and  endanger  the  loss  of  the  glass  by  bursting. 
The  pots  are  occasionally  patched  up  with  clay  in 
front,  in  the  crown,  and  sometimes  at  the  bottom. 
When  they  crack  in  front,  a  leak  is  prevented  for 
several  weeks  by  exposing  the  crack  to  the  air,  and 
as  the  glass  oozes  out,  it  solidifies  and  stops  it  up ; 
or  cold  water  is  thrown  on  it  for  the  same  purpose, 
or  a  piece  of  black  glass,  or  of  bottle  metal,  is 
softened  by  heat,  and  plastered  on. 

The  new  pot,  having  safely  passed  through  all  this 
severe  treatment,  has  to  undergo  a  still  more  seri(ju3 
test.  "  Will  it  hold  glass  ?  "  is  the  anxious  inquiry 
of  the  manufacturer.  Cullet,  or  broken  glass,  is  !lrs' 
thrown  in,  and  spread  over  the  sides  in  a  melted 
state ;  this  forms  a  vitreous  glaze,  which  penetrates 
to  the  depth  of  a  few  lines  into  the  substance  of  the 
pot,  and  forms  a  hard  glass  difficult  of  fusion,  which 
protects  the  pot  from  the  further  action  of  the 
materials. 

The  raw  materials,  thoroughly  iucorjioratcd  with 
from  one-fourth  to  one-third  of  llh  i,  \\  (  i_:lil  ul'  limkru 
flint  glass,  are  introduced  Iv  i     ■  .  '     :,   iiou 

shovel  into  the  melting-pot,  V.  I :  i  :  ,  i      i  d  to 

a  white  heat.  The  pot  is  filli  1  w.y  :  ,i|  <  imimiv  is 
raised  to  its  maximum,  and  as  the  mass  subsides  by 
melting,  a  fresh  quantity  is  introduced,  until  it  is 
filled  with  melted  glass.  The  mouth  is  then  closed 
with  a  stopper,  and  luted,  leaving  only  a  small  aper- 
ture at  bottom.  The  glass  does  not  become  trans- 
parent for  some  time,  the  opacity  being  due  to  the 
lime  and  earthy  impurities  which  do  not  fuse.  The 
heavier  of  these  subside,  but  the  greater  part  rise  as  a 
scum,  called  glass-gall,  or  sandicer,  which  is  skimmed 
off  through  the  aperture :  if  not  removed,  it  would 
pass  off  in  a  dense  vapour,  which  would  injure  the  dome 
of  the  pot.  It  should,  however,  be  remarked,  that 
in  flint-glass  works  the  materials  selected  are  so  pure, 


and  ill  such  good  proportion,  that  there  is  little  or  uo  im- 
pm-itj  to  be  removed ;  and  if  an  excess  of  one  material 
be  found,  it  is  corrected  in  the  next  batch.  Diirmg  the 
me\ting,or/oundini/,  the  stoker,  or  ieaser,  keeps  the  fur- 
nace well  supplied  with  fuel,  to  prevent  any  part  of  the 
grate  being  uncovered,  as  a  rush  of  cold  air  from  the 
cave  would  probably  split  tlic  pots.  The  founders  (Pr. 
fondeitr)  watch  the  progress  of  the  fusion  by  taking 
proofs,  or  drops,  from  the  pots  on  a  short  rod,  flat- 
tened at  one  end,  and  they  examine  whether  any 
grains  of  sand  remain  undissolved,  and  whether  the 
air-bubbles  (called  seed)  have  disappeared.  Duruig 
the  boil,  or  escape  of  carboinc  acid,  the  mass  is  in  a 
state  of  agitation,  which  greatly  facilitates  the  escape 
of  air,  and  answers  tlie  purpose  of  stirring.  In  40, 
or  48  hours  after  charging,  the  vitrification  is  com- 
plete. When  the  sandiver  becomes  transparent  and 
colourless,  the  temperature  of  the  pot  is  lowered  by 
diminishing  the  draught,  in  order  to  bring  the  glass 
from  a  state  of  perfect  fluidity,  in  which  it  could  not 
be  worked,  to  that  free  plastic  condition  necessary  for 
workmg.  But  as  the  workmg-heat  of  the  fiu-nace 
must  be  constantly  niauitaiued  night  and  day,  the 
arrangements  of  the  glass-house  are  generally  so  con- 
trived, that  the  pots  shall  contain  enough  metal  to 
last  out  the  first  four  working-days  of  the  week ;  the 
men  working  incessantly  night  and  day  in  gangs, 
relieving  each  other  every  six  hours.  By  Friday  morn- 
ing, or  evening,  the  pots  are  so  far  emptied,  as  to 
requu-e  re-filling;  or  a  new  pot  is  to  be  set,  as  akeady 
noticed. 

Section  IV.— Plint-Glass. 
In  tlie  working  of  flint-glass  we  see  the  peculiar 
properties  of  this  most  beautiful  malcrial  stiikinrdy 
developed  by  heat,  such  as  its  extreme  plasticity, 
ductility,  and  flexibility,  so  that  it  can  be  blown, 
moulded,  turned,  and  cut  with  scissors  into  every 
variety  of  form.  It  may  be  blown  so  thin  as  to  float 
about  in  the  air,  and  its  ductililv  is  such  that  a 
small  lump  can  be  Jrn  •. k  ':.■,  :'.:      1  several  hun- 

dred feet  in  length  in  ..:,  :•         I       line  filaments 

of  spun  glass  have  1..  i  ,  m,,.  ,,  i  with  silk  and 
other  fabrics,  with  beauuiul  i.iiLci.  Ai  common  tem- 
peratures, glass  possesses  but  a  small  range  of 
elasticity,  but  according  to  Mr.  Pellatt,  liollow  glass 
balls  are  so  elastic,  that  if  dropped  from  a  height  of 
ten  or  twelve  feet  upon  a  solid  polished  anvil,  tliey 
will  rebound  to  half  or  one-tliird  of  that  height,  and 
generally  without  fracture,  until  after  the  second  re- 
bound. In  tlie  ordinary  state,  glass  is  not  malleable, 
nor  do  any  vitrified  bodies  appear  to  be  so. 

The  property  of  welding  by  contact  at  a  red  heat  or 
thereabouts,  is  also  one  of  the  valuable  properties  of 
glass,  whereby  it  enables  parts  to  be  joined  together 
by  mere  contact,  and  handles,  feet,  rings,  &c.  to  be 
attached.  The  weldmg  is  perfect  at  the  points  of 
union,  unless,  mdeed,  a  sulphurous  or  carbonaceous 
film  interpose,  and  this,  however  thm,  will  cause  the 
cohesion  to  fail. 

The  property  of  glass  to  fracture  under  the  con- 
traction caused  by  a  sudden  chill,  enables  the  glass- 
blower  to   separate   pieces  of  glass  mth  ease  and 


expedition.  The  two  operations  of  welding  by  con- 
tact and  separation  by  contraction,  are  the  most 
important  in  the  manipulations  of  the  glass-blower. 
The  tools  used  by  him  are  few  and  simple,  and  have 
continued  in  use,  unaltered,  for  more  than  200  yeai-s ; 
liis  tact  and  skill  more  than  supply  the  place  of 
mechanical  aids.  The  blowbig-lube  is  of  ii-on,  from  4 
to  5  feet  ui  length,  with  a  bore  of  from  I  to  an  inch 
in  diameter.  It  is  smaller  at  the  mouth  end  than  at 
the  other  end,  which  gathers  the  metal.  The  poniy  or 
pontil  is  a  solid  rod,  used  to  support  the  glass  while 
working,  when  the  blowing-rod  is  no  longer  needed. 
Both  these  rods  are  heavy  or  light,  according  to  the 
nature  of  the  work.    The  ptcellas,  b.  Pig.  1058,  made 


something  like  a  pair  of  spring  sugar-tongs,  the  prongs 
resembling  the  cutting  parts  of  shears,  but  blunt,  are 
used  for  rubbing  the  outside  of  solid  or  hoUow  giass, 
and  pressing  it  into  a  smaller  diameter,  at  the  same 
time  elongating  the  part  s  by  rotation.  This  tool  is  also 
used  to  open  or  close  the  insides  of  hollow  vessels, 
and  to  shape  the  glass  as  it  is  rotated  on  the  inclined 
planes  of  the  chair  in  which  the  workman  sits.  The 
spring-tool  A  is  a  species  of  tongs  for  laying  hold  of 
half-formed  handles,  and  for  seizing  the  glass  while 
making.  The  shears  D  are  strong  scissors  for  cutting 
off  the  surplusage  of  glass  handles,  and  for  levelling 
the  edges  of  bowls  of  wine-glasses,  &o.  "Much 
skill  is  required  to  shear  a  wine-glass.  It  is  held  upon 
the  iron  by  the  left  hand,  and  rotated  towards  the 
shears,  which  are  grasped  in  the  right  hand  of  the 
workman.  A  well-skilled  workman  can  shear  a  glass 
entirely  round  the  bowl  at  one  operation.  In  Bohemia 
and  Germany,  generally,  the  workmen  are  said  not  to 
be  sufficiently  skilful  to  use  the  shears ;  but  the 
edges  of  bowls  are  l^lown  in  the  rough,  and  cut 
smooth  by  the  glass-cutter  when  cold,  which  leaves  a 
flat  and  unsightly  finish,  far  inferior  to  the  round 
smoothed  edge  of  fire-poKsh  after  shearing."  The 
battledore  E  of  wood  is  used  for  flatting  glass,  as  will 
be  explained  presently.  The  glass-blower  is  also  fur- 
nished with  compasses  and  a  measure-stick.  The 
marver '  is  a  slab  of  cast-iron  about  an  inch  thick. 


with  a  polished  suifaoe,  supported  by  a  wooden  staad. 
Upon  this  si  ih  the  glass  is  rolled  to  give  it  a  regular 
cxteuor  sui  f »  .-  -o  tint  .m  t xpauding  it  by  blowing,  a 
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uniform  thickness  is  produced.  The  gluss-mahrs 
chair.  Fig.  1050,  is  a  ilat  seat  of  wood  about  10  inches 
wide,  each  end  of  which  is  fixed  to  a  frame  connected 
with  four  legs  and  two  inclined  arms,  upon  which  is 
screwed  an  edging  of  wrought-iron  for  rolling  the 
blowing-iron  with  the  hot  glass  backwards  and  for- 
wards with  the  left  hand,  while  the  puoellas,  held  in 
the  right  hand,  give  the  glass  the  required  form. 
The  finishing  and  intermediate  shaping  depend  cliicfly 
on  the  application  of  centrifugal  force  by  rapid  hand 
rotation  with  the  blowing-iron,  and  upon  the  expan- 
sive force  of  air  in  widening  the  forms  while  being 
reheated  at  the  aperture  of  the  furnace,  technically 
called  fashing,  and  upon  a  skilful  final  throw. 

A  visit  to  a  glass-house  will  convey  a  much  more 
vivid  idea  of  the  beautiful  art  of  the  glass-blower, 
and  admiration  for  the  wonderful  material  with  which 
he  works,  than  the  most  elaborate  written  and  picto- 
rial descriptions.  In  the  absence  of  this,  the  fol- 
lowing examples  from  Mr.  Pellatt's  work  may  be  of 
use.  The  first  wiU  explain  the  method  of  manufac- 
turing a  goblet,  and  nearly  all  vases  or  articles  having 
tlirce  pieces,  viz.  a  bowl,  a  stem,  and  a  foot. 

The  blowing-iron  being  heated,  at  the  end,  nearly 
to  redness,  is  iutroduoed  into  the  pot  of  metal,  wliich 
instantly  adheres  to  it,  and  by  turning  it  round,  the 
workman  can  yalher  up  as  much  metal  as  he  requires. 
If  a  large  quantity  be  wanted,  the  first  gathering  is 
taken  out  and  cooled  by  exposure  to  the  air,  and 
wlien  the  lump  is  somewhat  consolidated,  another 
gathering  is  made  upon  it,  and  even  a  third,  or  a 
fourth  if  required.  These  gatherings  increase  in 
cubical  proportions,  the  first  being  usually  about  8 
ounces,  the  second  4  lbs.,  and  the  third  10  lbs.  For  a 
wine-glass,  however,  a  first  small  gathering  sufiices, 
and  tills  is  represented  in  a.  Fig.  lOGO,  in  the  form  of 
a  ball  of  hot  glass  adhering  to  the  blowing-tube. 
This  havmg  been  rolled  on  the  marver,  and  expanded 
a  little  by  blowing,  assumes  the  form  of  b,  which 
being  further  shaped  for  the  bowl  of  the  wine-glass, 
and  flattened  with  the  battledore,  is  brought  into  the 


form  of  c.  A  solid  ball  is  then  attached  to  the  flat 
part  of  the  bowl,  as  shown  in  d,  and  from  this  the 
stem  is  to  be  lathed  or  shaped  by  the  pucellas  while 
it  is  being  rotated  up  and  down  on  the  inclined  phncs 
of  the  glass  makei's  chaii,  which  serves  is  a  KIIil 
Lhe  stem  thus  shaped  as  at  e,  is  ready  to  receive  the 
foot  The  moment  the  glass  gets  hard  by  coohng, 
the  rubbing  of  the  puoell  is  must  be  discontinued  or 
an  excoiiated  surface  will  result  /has  a  globe  at 
t  ifhtd  to  the  stem,  which  is  afterwards  opened  and 
thttened  by  the  pucellas  into  a  foot,  while  being 
lit  bed  and  lapidly  lot  ted,  as  g,  on  the  arms  of 
the  chau-  A  boy  now  gathers  a  small  knob  of 
gl  iss  upon  an  u-on  pontil,  and  ittaches  it  to  the  foot, 
as  at  h  The  blowuig  iron  is  then  wetted  off  at  the 
Ir  tted  line  m  h  by  the  touch  of  the  cold  pi  cellas  -n  Inch 
Clacks  the  glass,  and  it  is  disengaged  b^  a  smait  1  low 
of  the  pucellas.  In  i  the  bowl  is  under  the  operation 
of  shearing,  so  as  to  make  it  perfectly  even,  and  fit  for 
the  flashing  and  finishing.  The  finished  glass  k  is 
then  knocked  off  from  the  end  of  the  pontil  by  a 
sharp  blow,  and  carried  by  a  boy  to  the  annealing 
arch,  on  the  end  of  the  forked  rod  c.  Fig.  105S. 


A  ringed  decanter  is  made  in  the  followiiig  manner: 
The  gathering  is  shown  at  a.  Fig.  1001 ;  this  being 
6 


slightly  distended,  the  workman  swings  the  blowing- 
iron  wholly  or  partly  ronnd,  and  the  glass  yielding  to 
the  centrifugal  force,  assumes  the  form  of  b.  It  is 
further  expanded  and  battledored  at  tlie  end,  as 
shown  at  c;  it  is  next  formed  into  i.  The  pontil  i.s 
then  attached  to  the  bottom,  e;   the  blowing-iron 
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wetted  off  at  the  dotted  liiie,  and  the  moutli  warmed 
up  aud  shaped.  Another  workman  then  gathers  upon 
a  poutil  a  small  piece  of  glass,  which  is  dropped  on 
to  the  part  where  a  ring  is  required,  as  at  /.  By 
rotating  the  decanter,  the  entire  circle  or  ring  becomes 
wcklcd  by  contact,  and  its  surplus  is  tapered,  aud 
torn  suddenly  away.  The  whole  is  re-heated,  aud  the 
pucellas  are  then  pressed  upon  the  ring  of  the  de- 
canter, while  rotating  upon  the  inclined  plane  of  the 
chair.  Pucellas  for  forming  rings  differ  from  the 
common  tools  in  having  two  dies  affixed  to  the  prongs, 
which  being  pressed  upon  the  ring  while  hot,  give  the 
rcquux'd  shape  and  size  after  re-heating  the  decanter. 
A  second  and  a  third  ring  are  then  added,  as  at/. 
'J'he  ponty  is  next  rotated  on  the  incline,  and  the 
brim  finished :  the  rings  are  also  well  melted  in  to 
ensure  safe  welding  and  annealing. 

Piint-glass  bottles  are  formed  by  mouldiug.     The 
mould  is  made  of  brass.     That  represented  in  Pig. 
1002  is  termed  an  open  and  shut  mould,  and  is  gene- 
rally constructed  in  two 
exact  halves,  connected 
■with  a  bottom  hinge 
This    form    of   mould 
produces  m    a    round 
bottle    two    seams    or 
lines,    caused    by   the 
^'s  '""-•  two  sides  of  the  mould 

not  shutting  quite  closely  The  scam  is  not  uu- 
siglitly  m  the  squaie  fomi,  as  the  joint  falls  mfo 
two  of  the  angles  ,  the  mould  being  sepaiated  in  the 
Imc  of  the  duigon.d      The  following  is  the  pioccss 


r  making  eight-ounce  phials.  The  man  collects 
upon  the  end  of  his  blowing  u on  a  quantity  of 
melted  glass  sufficient  foi  one  bottle ,  then,  holding 
the  lod  vertically  foi  a  moment,  he  gives  it  a  slight 
jcik,  the  effect  of  which  is  to  lengthen  out  the  lump 
He  then  marvers  it,  pinches  the  upper  part  with  pliers 
to  form  the  neck,  and  placing  the  hot  glass  in  a  brass 
mould  formed  in  two  halves,  (which  are  kept  open  by 
a  spring,)  he  pulls  the  two  halves  together  with  a  string, 
as  in  the  figure;  then  blowing  down  the  tube,  the 
plastic  glass  forms,  as  it  were,  a  thin  lining  to  the 


mould,  and  assumes  its  internal  form.  On  relaxing 
the  string,  the  mould  falls  asunder,  and  the  phial  is 
taken  out  adhering  to  the  tube.  It  is  wetted  off, 
and  taken  up  on  the  end  of  a  poutil  by  another  work- 
man, who  softens  it  in  the  flame  issuing  from  a  hole 
in  the  furnace.  At  Mr.  Pellatt's  works,  a  small 
separate  furnace,  called  the  little  qo,  is  used  for  this 
purpose.  The  workman  finishes  it  off  with  great 
rapidity;  when  it  is  conveyed  to  the  annealing 
oven.  The  mould  must  be  kept  hot  during  the 
operation,  for  which  purpose  two  blowers  usually 
work  with  one  mould,  one  man  collecting  and  mar- 
vering  his  glass,  while  the  other  is  engaged  in  blowing 

The  scam  down  the  body  is  avoided  by  the  use  of 
an  improved  mould,  invented  by  Mr.  Pellalt.  The 
body  of  this  moidd,  c.  Fig.  1064,  is  in  one  piece,  the 


neck  n  a  in  two  pieces,  whith,  ol  couise,  pioduce  two 
shght  seams  These  two  pieces  aie  kept  open  by  a 
spnng,  J  When  the  expanded  ball  of  metal  at  the 
end  of  the  blow  mg  non  is  placed  lu  the  body,  the  two 
halves  of  the  neck  aie  brought  togethei  by  the  guide 
g,  connectedwith  the  tieadle  ^,  which  ispiesseddovvn 
by  the  foot.  The  man  then  blows  down  the  tube,  and 
on  raising  his  foot,  tlie  counterweight  w  falls  down . 
the  two  neck  pieces  fly  open,  and  the  bottle  is  taken 

Annealing  Refciiing  to  our  aiticle  AN^EA1ING 
for  the  theory  of  this  cuuous  piocess,  we  need  only 
here  remaik,  that  the  paiticles  of  melted  glass  in  a 
fluid  state,  exhibit  a  tendency  to  airange  themsehes 
m  a  icgulii  uniinci,  so  ns  to  foim  ciystals  When 
tliL  f,l  iss  is  quirkK  c  li  (1,  no  time  is  allowed  to  the 
the  sLiiiifluid  HI  IS-,  to  I  How  this  tendency,  and  the 
piiticlcs  IK  foiccd  to  icmam  luthat  relative  position 
tow  aids  each  othci  which  they  assume  duiing  the 
working,  or  in  other  words,  the  paiticles  are  forced 
to  foim  an  amoiphous  mass  This  forced  relative 
position  of  the  particles  is  gieatest  when  the  glass 
has  been  lapidly  cooled ,  but  the  inteuor  of  the  mass 
IS  not  so  subject  to  it  as  the  surface,  which  also  con- 
tracts m  a  greater  degree.  The  outer  layers  are 
therefore  in  a  state  of  tension  compared  with  the 
interior;  and  this  want  of  uniformity  in  the  attractions 
of  the  particles  for  each  other,  causes  the  force  of 
cohesion  in  the  mass  to  be  destroyed  by  a  slight 
external  impulse.     This  strained  or  forced  condition 
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Mdul  with  steel  wnes  which  piciee  the  holes  for 
the  bnss  wnes  by  wh  eh  the  glass  diops  aie  united  to 
foim  tliechaiideliei  Lumps  of  glass  made  espressly 
foi  diop  pinching  when  softened  m  a  blastfurnace, 
can  thus  be  moulded  Arms  of  elnndeliers  aie  also 
pirsscd  by  twin  dies  the  uppoi  d  e  being  fixed  to  the 
plungei,  and  the  undci  one  to  the  bed  of  a  poweiful 
le\ei  picas  the  metal  being  ^atheied  as  usual  and 
the  po«ei  of  the  press  apphed  By  this  method  the 
eiude  foi  in  only  s  given  to  arms  and  diops  They 
rtqune  cutting  andpolishuig  on  a  lead  lap  to  pioduee 
the  icquiied  biillianey 

In  the  Giext  Exhibition  were  chandcli  rswith  ruby 
diops  and  others  with  diops  of  diireient  colours 
Ne\ci  was  theie  a  greater  mis'ake  in  art  mauufac 
tuie  than  to  lower  by  any  me  us  the  diamond 
bulliancy  of  the  brightest  and  pmest  flint  dass  for 
where  the  lioht  passes  thiough  a  eolouicd  medium, 
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seen  the  coloured  cliandeiiers  lighted  up  by  night, 
but  we  have  no  doubt  that  they  look  much  better  by 
daylight ;  whereas  the  contrary  ovight  to  be  the  case. 

Glass-cntting,  or  gi'inding,  is  performed  in  the  fol- 
lowing manner.  A  cast-iron  wheel  is  made  to  revolve 
in  a  lathe,  and  above  it  is  suspended  a  hopper  con- 
taining sand  and  water,  which  continually  pours  in  a 
thin  stream  upon  the  rim  of  the  wheel.  On  applying 
the  glass  to  tliis  rim,  it  is  ground  away  by  the  action 
of  tlie  wet  sand.  The  rough  sand-marks  are  smoothed 
out  by  a  stone  wlieel  with  water,  which  prepares  it 
for  polishing ;  this  is  effected  by  means  of  a  willow- 
wood  wheel,  first  with  a  mixture  of  pumice  and 
rottenstone,  and  the  finishing  is  performed  by  the 
same  wood  wheel  or  lap  with  putty-powder.  Engrav- 
ing on  glass  is  performed  in  the  same  manner  as 
Seal  Esgravtng.  Glass  may  be  drilled  or  turned 
on  a  small  scale  simply  by  using  oil  of  turpentine 
with  the  common  drill,  file  or  turning-tool.  If  care 
be  taken  that  the  cutting  edge  is  never  left  dry,  it 
will  not  soon  blunt,  and  the  glass  can  be  worked  with 
gi-eat  expedition. 

Among  the  varieties  of  flint-glass,  may  be  mentioned 
,V/ws.t,  (so  called  from  tlie  name  of  its  German 
inventor,)  used  in  the  manufacture  of  fictitous  gems. 
It  lias  a  remarkable  lustre ;  it  contains  more  oxide  of 
Ico.d  ihan  flii;t-c!:i?s,  and  in  some  cases  a  small  pro- 
portiri'.i  if'        ■.     K'    k  ci\   '  !   :-  ir-rd  instead  of 

whicli  aiv  ,,,'  uhss-painters. 

Thenntci!  '  ■  ::,,^  :  •  1  \.  '.  jmre,  and  when 
well  BKiilc,  it  is  a  ;,.cecssl"ul  imitation  of  the  diamond. 
The  addition  of  metallic  oxides  gives  various  imita- 
tions of  precious  stones.  Li  the  French  department 
of  the  Great  Exhibition,  some  of  these  were  so  suc- 
cessful as  not  to  be  distinguished  from  real  gems, 
and  no  less  an  authority  than  M.  Bontemps  declares 
that  their  inferiority  consists  only  in  their  comparative 
softness  and  consequent  deterioration  by  wear.  In 
the  English  department,  Mr.  Pellatt,  among  his  other 
admirable  illustrations  of  the  manufacture,  had  a 
model  of  the  koh-i-noor,  made  of  a  highly  refractive 
and  dispersive  strass,  rivalling  the  diamond  itself. 
Being  mounted  so  as  to  resemble  the  original,  this 
model  forms  an  elegant  drawing-room  ornament. 

According  to  M.  Donalt  TVieland,  an  excellent 
strass   may   be   obtauicd  by   one   of  the   following 


Rock-cr 


The  lustre  and  density  of  the  glass  arc  increased 
by  a  tranquil  and  prolo  iged  fusion,  which  should  be 
contmued  for  24  hours. 


Section  V.— Optical  Glass. 
The  progress  of  the  beautiful  science  of  optics  has 
been  to  a  certain  extent  impeded  by  the  defects  of 
the  flint-glass  used  in  certain  instruments.  Science 
requires  a  perfectly  homogeneous  glass,  of  the  same 
density  and  composition  throughout  its  mass.  This 
it  is  very  difiicult,  if  not  impossible,  to  obtain.  The 
best  flint-glass  is  liable  to  such  defects  as  sMa  or 
wreath,  knots,  threads,  and  tears.  The  striae  consist 
of  undulatory  appearances,  resulting  from  a  want  of 
uniform  density  m  the  glass,  so  that  the  rays  of  light, 
in  passing  through  it,  are  refracted  and  dispersed  in 
different  directions,  thus  producing  a  wavy  effect,  not 
always,  indeed,  apparent  to  the  eye,  but  painfully 
evident  when  such  glass  is  applied  to  the  construction 
of  an  optical  instrument.  EUnt-glass  is  more  subject 
to  this  defect  than  any  other  kind.  Knots  are  opaque 
particles  of  earthy  matter  from  the  furnace,  or  abraded 
from  the  glass-pot ;  or  they  may  consist  of  particles 
of  glass-gall,  or  imperfectly  vitrified  grains  of  sand. 
Threads  and  tears  consist  of  partially  vitrified  clay 
from  the  roof  or  glass-pot,  not  uniformly  mixed  with 
tlie  glass,  and  being  different  in  colour,  and  in  their 
expansion  and  contraction  by  heat,  dispose  the  glass 
to  fly  to  pieces  without  any  apparent  cause.  The 
want  of  clearness  arising  from  minute  bubbles  {seed) 
diffused  through  the  glass,  in  consequence  of  its  not 
havmg  been  kept  in  a  sufiiciently  fluid  state,  has  been 
ahready  adverted  to.  All  these  defects,  with  the 
important  exception  of  striae,  can  with  care  and  atten- 
tion be  got  rid  of  in  the  manufacture  of  crmcn  glass, 
and  in  this  case,  where  the  materials  do  not  differ 
greatly  in  specific  gravity,  striae  are  of  less  importance. 
In  flint-glass,  however,  where  the  materials  vary  so 
much  in  density,  it  is  difficult  to  obtain  a  disc  of 
homogeneous  glass  a  few  inches  in  diameter,  such  as 
is  required  for  a  lens,  the  correct  action  of  which  de- 
pends more  on  the  equal  density  or  refractive  power 
of  the  glass  than  on  wiiiteness  or  brilliancy.  If  the 
raw  materials  be  not  well  incorporated,  a  pot  of  glass 
is  apt  to  have  an  excess  of  oxide  of  lead  in  some 
parts,  and  a  deficiency  in  others,  leadmg,  of  course, 
to  different  densities  in  different  parts  of  the  mass. 
In  slowly  cooling  a  pot  of  uniform  glass,  the  heavier 
silicate  of  lead  always  subsides,  while  the  lighter 
alkaline  silicate  is  found  in  excess  above.  If,  to  pre- 
vent this  separation  of  the  two  silicates,  the  pot  be 
rapidly  cooled,  the  glass  becomes  too  brittle.  Want 
of  uniformity  in  the  glass  arises  from  the  unequal 
heating  of  the  pot  in  the  furnace,  in  which  the  sides 
are  more  heated  than  the  bottom.  It  has  been  pro- 
posed so  to  construct  the  furnace  as  to  allow  of  heat 
being  applied  below  the  pot,  in  order  to  expand  and 
diffuse  the  denser  glass.  Agitation  is  supposed  to 
be  favourable  to  the  production  of  a  uniform  glass ; 
and  it  has  been  proposed  to  ladle  the  glass  from  one 
pot  to  another,  or  to  stir  it  up  with  a  rod  of  iron, 
cased  in  stoneware,  to  prevent  the  naked  iron  from 
colouring  the  glass.  After  agitation,  the  pot  is  to  be 
left  quiet  for  a  short  time,  for  the  air-bubbles  to  dis- 
perse, and,  when  the  glass  is  fine,  it  is  to  be  cooled 
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■  shape  IS  giveu 
by  raisint?;  thriii  to  a  dull  red  heat  iu  a  rcvcrberatory 
furnace.  Tlie  mass  may  also  be  cleaved  while  cooling, 
so  that  the  fracture  may  follow  the  direction  of  the 
faulty  parts.  It  is  said  that  masses  of  homogeneous 
of  40  lbs.  wcisht  have  thus  been  obtained. 


For  n 
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p  irl  ially  cool :  to  the  kr-e  end  of  the  sugarloaf-shapcd 
piece  of  glass  thus  produced,  a  glass-blowing  iron  with 
a  hollow  disc  is  welded,  and  placed  to  the  opening  or 
mouth  of  the  pot  for  rc-heating.  Wlien  sufficiently 
soft,  it  is  blown  into  a  muff  or  cyliuder :  the  end 
furthest  from  the  bloM  lug-iron  is  cut  off;  the  cylinder 

islliH    I    ^  \'u '  ■    '.- plates  of  14  inches  in  length 

aud    1      I  I  1,  and  about  half  an  inch  iu 

thii-  d:  after  which  the  plates  arc 

soil  I  I  I       r,|,i 1^  i'i,i-  cutting  and  grinding  into 

discs. 

Mauy  years  ago,  M.  Guiuaud,'  a  clockmakcr,  of 
Breuets,  near  Neufcbatcl,  in  Switzerland,  succeeded 
in  producing  fliut-glass  exempt  from  strLne,  by  some 
method  of  rabbling  or  stining  up  the  liquid  glass 
before  cooling.  In  consiMpiruee  of  this,  which  may 
be  rcgartlcd  as  the  first  suecessfid  experiment  in  the 
production  of  optical  glass,  Guiuand  was  invited  to 
Bavaria,  wliere,  in  conjunction  with  Fraucnhofer,  he 
made  a  number  of  object-glasses,  the  largest  of  which, 
9  inches  in  diameter,  was  used  in  the  telescope  at  the 
observatory  of  Dorpat.  After  his  return  to  Switzer- 
land, Guiuaud  .sent  some  small  discs  of  his  flint-glass 
to  the  Astronoiiiierd  Society  of  London,  and,  some 
time  after,  a  il'  •  '  \'  ('  'm  '  i  in  diameter,  which  at 
that  time  v  i-   ^         '  i      i  ily.     A  committee, 

composed  ol  \U  '  11   i schel,  and  Pearson, 

reported  faToni  t'i'\  tli  ,<  n  liif  Guinaud's  negotia- 
tions with  the  Society  did  not  lead  to  any  decisive 
measures,  and  his  proposals  to  the  French  govern- 
ment were  equally  fruitless.  The  Astronomical  Society 
of   London   a)T"-Mi''d    -i    eninmittee,   consisting   of 


Mcssi 

the  experiments,  and  i\l 
the  seiTice  of  the 
;s-house,  and  his 


id  Roget,  for 
s  on  the  mannfac- 
'araday  conducted 
liberally  placed  at 

experience.    The  result 


of  this  inquiry  was  the  production  of  a  gla 
markable  purity,  consisting  of  a  combination  of  sili- 
cate of  lead  with  borate  of  lead :  the  materials  were 


perfectly  pure,  and  viliifieil  in  a  jilalinuin  erueible. 
If  the   air-bubbles   an      1  >    1.    i"      i  I,    ,    little 

spongy  platinum  is  Ih ,.       .  1  lie 

glass  stirred  with  a  |ili'i,j     ,  ,       I       ,       ili  r 

subsides,  and  the  gla-  in,.  1«  1"iiih  I  mH'  ijuit.  ,■],  ,r 
and  free  from  strioe.  This  lii.^bly  nfr.aetne  aud 
dense  glass  has  been  of  assistance  to  Dr.  Farad.iy  in 
liis  physical   researches,   but  has  not  answered  the 

fi-i' <■'•.•   iv''Vh   it  was   originally   intended,  on 

t  'iial  decay. 

'  '  nnliuued  to  bo  made  in  Bavaria 

1  1 1  uiiand's  method,  but  its  production 

.Iliad    to    a  working   optician,   M.  Mcrtz. 

I.        I  I,  shortly  before  his  death,  also  rcvealeil  his 

•'<  his  wife  and  his  two  sons.^     One  of  tlic 

I  '"'  '      'Id  the  secret  to  M.  B(mtenips:  but,  on  at- 

Icnipting  to  apply   it,   it   faileil  ;  ^   Mlirrenp,,n,    the 

contract  was  broken.     But  M.l'xnili  iii|is.  eimsalering 

with  great  fairness  that  the  prin- i|il.   <•(  llie  im  llmil 


of  smaller  dimensions.  After  this,  the  ( 
continued  for  some  years  to  manufael\irc  opl 
on  their  own  account:  they  disposed  of  tin- 
M.  Daguct,  of  Soleure,  who  sent  fo  Ihc  Gr( 


of  fl 

in  diameter,  and  of  enr 
"When  subjected  to  tin 
some  discs  of  crown  l' 
uniform  in  density.  '11 
for  the  fusion  of  cmw 
is  so  difficult  to  make  ,, 
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If  we  attempt  to  lower  the  point  of  fusion  by  varjiuj 
the  composition,  the  ghiss  tlien  becomes  so  attractive 
of  moisture  as  to  be  worthless  as  an  object-glass.  It, 
on  the  other  hand,  wc  attempt  to  make  a  very  dri) 
glass,  there  is  a  liability  to  crystallization  and  devitri- 
fication in  the  cooling. 

M.  Bontempsi  is  said  to  Lave  overcome  the  difli- 
culties  of  the  manufacture  of  optical  glass:  he  ex- 
liibited  in  1S51,  discs  of  flint-glass  29  inches  in 
diameter,  and  of  crown-glass  of  20  inches,  and  others 
of  smaller  size,  which,  are  said  to  pass  satisfactorily 
through  the  ordeal  of  polarized  light,  thus  showing 
them  to  be  of  the  same  density  throughout.  The 
29-inch  disc,  however,  presented  a  few  strife  near  the 
surface,  which,  it  was  thought,  would  be  ground  out 
in  giving  the  lens  its  curvature.  These  glasses  were 
from  the  works  of  Jlessrs.  Chance,  who  had  engaged 
M.  Bontemps  to  superintend  this  dejiartment  of  their 
large  and  varied  establishment. 

After  this  long  detail,  the  reader  will  probably 
expect  us  to  describe  the  process  of  making  optical 
glass.  "We  regret  to  say  that  we  are  unable  to  do 
so ;  it  is  still  a  secret  confined  to  the  few  whose 
labours  sufEce  to  supply  the  demand  for  large  lenses. 
The  circumstance  of  a  very  limited  demand  is  a  good 
reason  wliy  the  p.-ssessors  of  the  secret  have  been 
able  to  retain  it  so  long.  If  optical  glass  were  required 
in  the  large  quantities  in  which  other  descriptions  of 
glass  are  manufactured,  there  cannot  be  a  doubt  that 
its  production  would  soon  become  one  of  the  common 
operations  of  the  glass-house. 

Mr.  James  Nasmyth  proposed,  in  1S17,  a  method 
of  making  optical  glass,  which  promised  well,  but  it 
does  not  seem  to  have  been  followed  up.  Supposing 
the  materials  to  be  pure  and  in  due  proportions,  and 
that  the  vitrification  is  perfect,  he  reasonably  supposed 
that  the  variations  in  density  arise  from  removing  the 
glass  from  the  melting-pot  while  in  the  fluid  state. 
He  therefore  proposed  to  place  a  large  pot  of  the  most 
perfectly  composed  glass  in  the  furnace,  and  to  subject 
it  to  the  highest  degree  of  heat  which  it  can  stand,  in 
order  that,  by  rendering  its  contents  as  completely 
fluid  as  possible,  the  particles  may  arrange  themselves 
in  strata  of  perfect  homogeneity  and  uniformity  of 
density.  In  order  to  ensure  this  result,  this  high 
temperature  is  to  be  kept  up  for  at  least  three  days. 
A  slight  variation  in  density  will  be  found  in  the  top 
stratum  of  glass,  as  compared  with  that  at  the  bottom 
of  the  pot ;  but  the  variation  of  the  successive  parallel 
strata  would  be  so  gradual,  that  one  would  not  vary 
from  another  in  any  appreciable  degree.  The  pot  is 
then  to  be  left  perfectly  quiet,  and  the  furnace  allowed 
to  die  out  gradually,  taking  care  that  no  draught  have 
access  to  it,  or  any  irregularity  take  place  in  the 
decrease  of  temperature.  The  cooling  may  thus 
require  about  twenty  days.  AVhen  the  pot  is  cold, 
the  glass  is  to  be  removed,  and  cut  into  slices  parallel 
to  its  top  surface,  by  the  simple  means  employed  by 
marble-cutters.    The  result  would  probably  be  a  series 


of  discs  of  iibsolutely  perfect  glass.  Mr.  Nasmyth  has 
tried  this  method  on  a  considerable  scale  with  crown- 
glass  with  perfect  success  ;  masses  of  the  most  splen- 
did glass  having  been  obtained,  to  all  appearance 
perfeclly  free  from  stria  or  other  irregularity." 

This  ingenious  method  is  evidently  inapplicable  to 
flint-glass :  the  long-continued  application  of  heat 
would  dissipate  its  alkali,  and  the  long  repose  would 
cause  the  lead  to  sulisido,  so  that  no  two  horizontal 
layers,  however  thin,  would  possess  the  same  density. 
Mr.  Simms,  the  eminent  optical  instrument  maker, 
states,  that  in  only  two  instances  has  he  succeeded  in 
making  unexceptionable  object-glasses  of  English  flint- 
glass,  and  these  had  only  Z\  inches  aperture.  The  flint- 
glass  as  hitherto  obtained  from  the  Continent,  in  discs 
of  from  4  to  9 J  indies  diameter,  is  very  costly;  and 
the  risk  of  its  not  turning  out  well  after  the  labour  of 
giinding  has  been  bestowed  upon  it,  has  deterred  the 
instrument-makers  generally  from  making  so  costly 
an  experiment.  It  is  therefore  to  be  hoped  that  Messrs. 
Chance  wiU  be  encouraged  in  their  undertaking,  so 
important  to  the  interests  of  science ;  and  it  is  in- 
teresting to  learn  from  Mr.  Simms  that,  so  lar  as  ne 
has  tried  it,  their  optical  flint-glass  is  equal  to  the 
very  best  ttat  was  prepared  by  tlie  elder  Guiuaud. 

Section  VI. — Ceown- Glass. 

The  glass  commonly  used  for  window-panes  is  a 
silicate  of  soda  and  lime :  it  is  more  diiScult  of  fusion, 
and  less  easily  worked,  and  much  harder  than  flint- 
glass,  and  hence  does  not  well  admit  of  being  shaped 
into  vessels,  or  ornamented  by  cutting  and  grinding. 
Crown-glass  is  manufactured  in  the  form  of  flat  discs 
or  tables,  52  inches  in  diameter.  At  the  Great  Exhi- 
bition, Messrs.  Chance  displayed  some  tables  6G  inches 
in  diameter. 

The  arrangomcut  of  the  crown-glass  furnace  is 
similar  to  that  of  the  flint :  it  is  aiTanged  in  the 
centre  of  the  cone,  and  contains  from  four  to  six  pots, 
each  of  the  capacity  of  half  a  ton.  These  pots  are 
open  at  the  top,  not  hooded  as  iu  the  flint-glass  pots. 
There  are  several  subsidiary  furnaces  adjoining  or 
round  the  inside  of  the  cone ;  also  an  annealing  fur- 
nace, or  arch,  and  an  oven  for  annealing  the  glass-pots 
before  they  are  set.  IVc  friiling  furnace,  called  colcar, 
from  the  French  culquuisc,  is  revcrberatory  in  its 
action,  and  is  used  for  calcining  mfriUing  tlie  male- 
rials  before  they  arc  placed  in  the  glass-pots  for 
vitrification ;  the  object  being  to  effect  a  partial  union 
between  the  silicic  acid  and  the  alkaline  bases,  so  that 
the  latter  may  not  be  volatilized  in  the  furnace;  this 
alkaline  vapour  not  only  being  a  positive  loss,  but 
acting  injuriously  on  the  pots  and  sides  of  the  furnace. 
The  other  furnaces  are  used  for  softening  the  glass 
while  passing  through  the  successive  stages  from  a 
globe  into  a  flat  table  : — the  blowing  furnace,  used  to 
faeUifate  the  blowing  of  the  glass  into  a  large  globe, 
the  boitomiiig  hole,  the  nose  hole,  and  the  Jlashing  fur- 
nace,— the  use  of  which  will  be  explained  presently. 

The  materials  consist  of  fine  sand,  chalk,  soda-ash 
or  crude  carbonate  of  soda,  or  salt-cake,  which  is  dry 


Rulplute  of  <:f  h,  also  i  liUle  cluicoal,  bhck  oxide 
of  mangaucse,  iibcuious  acid,  and  occisiomlly  a  little 
o\idc  of  cobalt,  to  coriect  any  defects  in  colour 
aribing  fiom  the  presence  of  o\idc  of  iron  As  the 
sodi  IS  liable  to  consideriLIc  (lucf  i  ilu  iis  m  its  \iluc, 
no  fixed  pioportions  ol  i  1  d  uprn, 

ind  the  manuf  ictiirer  h  uiit  ct 

icil  alkah  m  eveiy  fi    I  W  iiiu   dl 

the  alkali  is   soda  abb     tl  I  i  ub   11  e, 

100  paits  quiitz  sand,  3a  to  10  ch  dk,  i  quantity  ot 
sod  I  ash  containing  about  S  paits  soda  and  fiom  150 
to  200  old  bioken  glass,  or  cullet  The  piopoition 
of  u  spinous  acid  and  manganese  can  only  be  I'lcei 
t  lined  by  tu  d  It  the  materials  aie  to  be  calcined, 
liny  aie  put  into  the  eolcai,  and  well  stared  with 
lion  paddies  and  rakes,  to  cvpelwatei  and  bum  oft 
cailionaccous  mitteis,  as  also  to  dn\e  off  caiboiuc 
acid  fiom  the  chdk,  and  to  mite  the  base  of  the 
dkiliue  caibouate  with  sihcic  acid,  displacing;  the 
caibonic  acid,  ind  thus  jncvent  the  alkali  fioni  being 
vohtihzed  m  the  glass  pot  Ihe  temperatuie  of  the 
colcai  is  gradually  raised  duiing  thiee  hours,  and 
when  the  mixture  becomes  pasty  it  is  diligently  stincd, 
to  facditate  the  extuoatiou  of  ciibonio  acid  and  the 
combustion  of  caibonaceous  matreis  To\^ardb  the 
end  of  the  Ihnd  hour,  the  temperatuie  is  considei  ibly 
laised,  and  at  the  expuatiou  of  the  fourth,  while  the 
n  abS  IS  hot  and  soft,  it  isiaked  out  into  laige  cast 
lion  tiays,  and  cut  by  a  spade  into  squaie  cake;, 
which  aie  piled  away  for  use  Ihcse  fit  bucks  arc 
supposed  to  impiove  by  age,  and  u  •-  n  t  s  k  I 
toi  twelve  months  or  moie  ^^  I 
omitted,  as  it  uo\-  often  is,  tl 
tl  oioughlv  dried  bcfoic  the  fouii  I 
pose  the  sand  is  fiist  c  dcintd  at  a  dull  1  '  1 
eoh  ir,  then  cucfulh  sifted  the  chalk  is  il 
to  a  moie  model  ite  licit,  foi  the  puipose  ( 1 
moioture,  not  carbonic  acid  Ihe  sand  and  el  1 
hncly  sitted  and  thoioughly  inteimLxed  w ith  tlie  r  1 1  1 
materials,  also  m  a  diy  and  pulverulent  foim  'Ihe 
mixtuie  IS  shovelled  into  the  pots  when  thcv  aie  at  a 
wlute  heat.  Ihe  fiu-uaee  being  at  its  greatest  heat, 
the  first  quantity  thrown  in  fuses  down  in  about  S 
hours ;  another  portion  is  then  thrown  in,  and  so  on 
until  the  pot  is  sufficiently  full.  Yitiificationis  usually 
complete  in  alinui  1^  i,-";^.     IV'im,  lm  .  .v;i  r-  t,.  I. 

closing  the  dr:i-       '    1  -       '        1     >      ■  '      :     i ' 

the  glass  is  perfectly  clean  the  iiic  is  then  raised  a 
little,  and  the  glass-gall  being  skimmed  off,  the  glass 
is  ready  for  working.  In  order  to  preserve  a  clean 
surface,  an  earthenware  ring  of  the  same  material  as 
the  pots,  and  about  2  feet  in  diameter  and  3  inches 
thick,  is  tluated  on  the  melted  glass  after  the  surface 
is  skimmed.  The  surface  of  the  glass  is  much  cleaner 
within  the  ring  tiian  without. 

It  is  difficult  to  convey  a  complete  idea  in  writing 
of  the  lemarkable  series  of  processes  by  which  a  lump 
of  glass  is  expanded  into  a  large  sheet  or  table.  In 
the  Great  Exhibition  Messrs.  Hartley  &  Co.,  the 
eminent  erowu-glass  manufacturers  of  Sunderland,  had 


SS.  773 

a  most  msliuftive  series  of  specimens,  sliowing,  fiist, 
tlie  lump  oi  glass  adhering  to  the  blowing  tube  ,  then 
tlie  various  shapes  which  it  is  made  to  assume,  until 
it  finally  becomes  a  large  table.  Those  peisoiis  who 
studied  these  specimens,  as  well  as  the  huge  gl  iss  pot 
(icpicbciitedmrig  IOj'J)  ui  1  the  model  ot  the  ciovvn 


-,Usb  fuin  ce,  wdl  be  the  b 
our  dosoiiption     Indeed,  the 
the  public  would  be  pioinotc  1 
aits  asbibted,  and  tin  e  in 
it  an  industiulmuseii 
(    uldbe  midc  peini 


jull 


anxietj,  and  expense 

The  man  collects  on  the  end  of  his  blowing  tube, 
from  the  mside  of  the  ring,  as  much  glass  in  successive 
layers  as  will  form  a  disc  or  table  of  about  9  lbs. 
weight.  An  experienced  workman  seldom  fails  more 
than  an  ounce  or  two  in  the  correct  weight.     After 


while  a  boy  slightly  distends  it  by  blowing.  It  is  next 
held  in  the  month  of  the  small  blowing-furnace  to 
soften :  again  rolled  on  the  marver  to  correct  inequali- 
ties in  the  thickness  of  the  sides,  and  to  collect  the 
great  mass  of  glass  at  the  lowest  point,  thcreliy  elon- 
gating the  neck,  as  at  b.  In  this  marveriug  th.c 
outer  extremity  of  the  glass  is  made  conical,  and  the 
extreme  end  is  called  the  bullion.  In  again  blowing 
out  the  bulb,  the  man  supports  it  on  a  horizontal 
smooth  iron  rod,  called  the  bullion-bar,  placed  across 
a  stool,  or  across  a  pit  in  front  of  the  marver,  and  he 
expands  the  bulb  until  it  is  nearly  spherical,  as  at  c  : 
to  preserve  the  perfect  form  of  the  sphere,  the  man, 


\sliile  blowing,   gives  it   a  continuous 

111.    bidliuulni,    hut   the   clkct   of  tlii',  ib 

Wd\ui  hues  louud  tlic  ciutie  of  the  t  ibL 


GLASS. 


moderate  flime  before  the  nose  hoL    it  is  lotalcd 

with   giaduilly  meieasuig  \tlocitj,   when  the  hole 

caused  by  the  ieiiiu\  d  of  tlio  bio\Mng  pipe  eulaiges 

■  hcited  moie  lutiu^dv  btloie  tlie  flashuig- 

aud  dcquiKb  the  luiiii  shonu  in  Fig  1072 


Hartley's 


ks  the  bullion  bai    is  dispensed  with , 

supported  by  a  tube   attiehed  to  the 

and  held  by  a  boy  while  the  blowci 


il  lb  exposed  to  the  diieot 
;      ,,   ,  i(tionoftheflmie,theraaii 

'^"^  '  "  '  "  1  "ug  sciecued  fiom  the 
heat  by  i  «  ,U  lu  liuut  md  a  httle  on  one  side  of 
tlio  furnace  Ihe  tube  is  suppoited  on  a  hook 
piojectmg  fiom  the  wall,  and  m  leyolving  the  globe 
the  p-iit  opposite  the  tube  becomes  softened  by 
the  htit,  and  yielding  to  the  action  of  centufugal 
foKi  issuiiHs  the  to  ni  shoun  it  ,/,  lig  1070  It 
is  then  uiu(i\ed  and  ai.othci  nun  ipplies  a  poiitil 
tipped  \Aitli  nicltul  gl  iss  to  the  etutie  ot  the  flattened 
pait,  when  the  fust  man  detaches  the  blowing  pipe 
by  touehuig  the  ueck  of  the  globe  with  an  iiou  wetted 
with  cold  water  Tlic  bloTMucrpipe  cariic?  with  it 
a  piece  of  gh 


By  mcreasmg  the  velocity  ot  lotation,  the  flattened 
globe  at  length  fhes  complttely  open  with  a  noiae 
something  like  that  pioduoed  by  quickly  openmg  a  wet 
umbiella  in  this  way  a  flat  ciicular  disc  neaily  60 
mchec  m  dumetei  is  piodueed,  of  unifoim  thickness 
except  at  the  pomt  of  attachment  to  the  pontil,  wheie 
theie  is  a  swelling  called  the  bull's  eye  '  A  sheet  of 
such  dimensions  would  fold  togethei  whde  in  its  soft 
state  if  the  man  were  to  cease  to  lotate  it ,  he  there- 
foie  continues  the  motion  untd  the  table  is  sufficiently 
cool     It  IS  then  placed  on  i  hi      m  n  f  il    hold  by 

an     assistant ,     the  

poutd  IS  cracked  off,     ^                               '^^^- 
and  the  plate  ti  ms     r  Jr^ 

feiied  to  the  inn  -  E^ 
mg  arch  Fig    Jn                                  -  ^J: 

wlieie  it  lb  mill     i -^^ 


stior 


n  edge 
parallel  iioii 


_gL^ 


..g^ 


gthe 


flattened  spheie  i(   i  i 

1     li 

ment  of  the  pontil 

1               i       M 

action  of  he  if    >, 

«P1'C-'"' 

'    HI    u     lilt    ^Ullh   the  hoh 

becunii 

1      aid  at  length  entirely 

dibipii  II 

11-  out  into  a  flat  table 

This   iiiiil    )     1  li    1 

,      1  Ind   by   giidud   steps 

11  L   puntd  and  exposed  to  a 

suppoits 

whole  length  of  the  aimeahug  kiln  Ihe  arch  j 
suflicient  capacity  to  leceive  two  rows  of  tables,  as 
shown  by  the  dotted  oiicles  the  annealing  is 
continued  foi  24  houis,  duimg  -which  the  whole  arch 
IS  raised  to  a  uniform  heat,  and  allowed  to  cool 
giadudlly  A  shoitti  time  suffices  when  the  aich 
IS  stionffl\  luafed  it  one  end,  and  nearly  cold  at  the 
othei,  while  the  t  ihks  aie  slowly  moved  forwaid 
towaidb  the  cold  end 

A  pot  containing  half  a  ton  of  metal  will  produce 
100  tables  At  an  ordmary  ciown  glass  house  4  such 
pots  aie  emptied  in  thiee  days  e\  ery  week  The  glass- 
_  I'l   and  the  lesidue  in  the  pots,  are  refined  by  being 


poured  into  cold  filter  Ihe  gUsa  is  theieby  dis 
integrated  and  tillni^  into  a  coaise  pondei  apoition 
of  the  siUue  impuutits  ib  diosohed  out  the  ghss  on 
being  drained  diy  is  niL\cd  with  fiesh  law  mntciulb 

Slctio\  \  U  —  Cylindlr  Glass 

On  the   contment   of  Euiope   the  above  method 

ol  111  iking  wuidow  ^1  isb  IS  not  idopted   but  mstcad 

ot  it  the  ghbs  lb  hist  loimcd  into  a  cy Under  closed 

ind  loundod  at  both  cud     which   ne  then  cut  off 

uid    I   Click   bmig  uui   down   the   hngtli    oi    the 

cjlmdu  itbcll  atUchcd  to 

I  thru  pion^cd  pontd    is 

cut  opLU  with  slaiis  lb  lu 

tlieu  fl  itted  out  m  a  fur 
ncel      Ihe  gliss  for  the  Exhibition  of  ISol  wismadt 
ioinewbit    in  this  wi^      It   is   coai  ti    m  tevtiuc 
no  e  w ivy  and  dull  thin  ciowunhss  but  it  alltw 
A  lugei    sheets   being  nnuufdctuicd      loi    crown 
^loss  eaimot  be  out  up  without  cousidci ibli  ^  i  • 
n  conbequcnce  of  the  ciioulai  foiiii  and  tlu 
jullseje       But  while  the  glass  nnnufictui 
subject   ti   the   icuhlioiib   ol    tilt    E\,i  ,     It    \ 


I  ^icitci  jicld  fiom  thu  biiiic  \icgit  ot  ciuun  th  m 
ol  cyhnder^hss  in  consequence  of  the  smallti  thick 
ness  of  the  foimer  and  also  not  IiaMng  to  cut  oil  uiy 
poitious  aa  is  the  case  in  the  inauufictuie  of  the 
latter 

The  nnnufictuie  of  cjlnidoi  ^liss  is  of  Geiuian 
ougin  whence  the  pioduct  is  sometimes  tcimed 
Gci  iiun  pluk  glass  and  on  the  iiitioduction  of  the 
piocesb  into  England  it  was  called  hntuh  sheet  glass 
It  lb  albO  know  11  as  broad  wuuhic  qUns  spt ead  wmdotc 
glass  ind.  m/ei  wr  WDidow  glass  ihib  last  teim  aiose 
tiom  the  coarseness  of  the  m  itei  ils  used  the  alkali 
being  soap  boileis  waste  and  kelp  but  of  late  yeais 
the  manul  ictuie  has  been  considei  ibly  improved,  and 
it  lb  now  mttuoi  to  ciown  glass  m  histie  only 

Eioid^hss  is  mide  without  flashing  The  law 
miteriilb  aie  flitted  with  considerable  agitation  foi 
20  01  30  hours    and  the  tut  is  iiituauced  into  the 
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the  air  bubble  thccylmclci  is  dibtcndcd  and  lengthened, 
the  glass  being  fust  made  to  assujie  tlie  width  uid 
then  the  length  of  the  intended  cylinder  Ihe 
ball  of  glass  hiMiig  been  heated  the  man  then 
holds  it  up  in  a  \eitiod  position  ovci  his  he  id 
and  blow  s  into  it  the  soft  glass  j  itlds  to  the  dis 
tcuchng  powei  while  the  heavy  bottom  descending 
by  its  own  weight  forms  a  soit  of  flittencd  bottle 
li,  1076  'Iho  piopei  width  of  the  intended 
cylinder  beuig  thus  attained  the  pipe  is  qiucklv 
lowtiod  so  as  to  have  the  glass  below  lusteid  ot 
above   and  the  man  1  eeps  swingiu^  it  bicl  w  irds  and 


bottom  let  iimn^  it     1 
lelcb    jiclds   to   tl  I        t 

length  until  it  seflle-,  b\  euolui^  into 
to  that  of  Tig  1078  II  the  m  m  wcio  to  bl( 
out  swinging  tlie  bottle  would  assume 
the    form    indicated  bv    tlio    dotted   line 


In  tins  way  by  lepeated  heatin^  swi 
uig  the  intended  length  of  the  c\lii; 
and  the  ^lass  is  of  the  foira  shown 
IS  corneal  and  terminated  by  a  hemi' 
the  middle  point  c  is  the  thinnest  p 
\essel  The  man  now  blows  an  inf 
before  lemoving  his  mouth  cl 
pipe  w  ith  his  thumb  he  then  h  ' 
in  the  flame  untd  it  buists  uii  1  i  1 1 
ticity  of  the  enclosed  air  The  tli 
margin  of  the  apeiture  is  tiunmed  w 


^pliele    of  which 
ut  of  the  whole 
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enlarged  xi'dh  the  pucellas  to  the  proper  diameter, 
as  iu  Pig.  1080.  The  other  parts  are  also  straight- 
ened, and  brought  to  a  uniform  diameter,  as  in 
Pig.  1081.  In  long  and  wide  cylinders,  the  lower 
part  is  apt  to  become  too  thin,  and  requires  extra 
glass  to  be  incorporated  with  it  before  the  cylin- 
der is  opened.  The  neck  or  cap  is  then  removed,  by 
supporting  the  cylinder  on  a  wooden  rod  and  tiuiiing 
tlie  upper  part  two  or  three  times  in  the  curve 
of  a  bent  iiou  lieatcd  to  redness,  as  shown  iu  Pig. 


The  operation  of  spreading  is  begun  by  introducing 
the  cylinders  into  the  long  flae  leading  into  D,  and 
as  they  are  pushed  forward  they  gradually  softeu. 
A  man  standing  before  the  aperture  I  takes  up  one  of 
the  cylinders  with  an  iron  tool,  bent  at  a  right  angle, 
and  places  it  on  the  fiatting-stone  with  the  cracked 
side  uppermost:  the  cylinder  soon  opens,  and  he 
makes  it  straight  and  even  with  a  rod  of  iron  furnished 
with  a  wooden  polisher.  Fig.  10S5,  dipped  in  water 


1082  :  a  drop  of  water  allowed  to  lall  on  the  lieated 
line  produces  fractwe  and  separation  of  the  cap.  By 
a  similar  process  a  crack  is  made  down  the  length  of 
the  cylinder,  and  it  is  now  in  the  form  shown  in 
Pig.  1083,  ready  for  the  operation  of  spreading  or 
flatting  into  a  sheet  of  glass.  Tliis  is  performed  iu 
a  furnace,  the  principal  parts  of  which  are  shown  in 
perspective,  I' -.  10^  J     T„  tl,e  arched  space  a,  a  is 


;  ash-pit  and  r  the  grate ;  b  the  ash-pit  door,  and 
il  the  stoke-hole.  The  flame  enters  the  upper  part  of 
the  furnace  through  the  openings  c  c,  first  plays  on  c, 
which  is  called  i\\e  flatting-hearth,  then  passes  into  b, 
t!ie  annealing  or  cooling-furnace,  and  escapes  by  the 
flue  or  channel  b,  by  which  the  cylinders  are  intro- 
duced, c  and  B  are  connected  by  means  of  a  low- 
arched  wide  aperture,  e,  to  allow  the  passage  of  the 
plates,  and  also  by  a  smaller  higher  opening  g  for  the 
admission  of  flame.  The  heat  is  regulated  by  open- 
ing or  closing  the  apertures  c  c.  The  flattener  stands 
m  front  of  the  aperture  I ;  the  man  at  the  cooling- 
furnace  before  ?/;,  and  an  assistant  pushes  the  cylinders 
forward  along  a  i-ailway  into  d.  The  spreading-plaie 
or  flatting-stone  must  be  perfectly  even,  free  from 
roughnesses  or  inequalities,  as  the  soft  glass  of  course 
moulds  itself  to  the  surface  upon  which  it  is  flattened 
by  heat.  This  plate  is  made  of  fire-proof  clay  mixed 
with  cement,  and  ground  smooth ;  or  it  is  made  of 
a  thick  plate  of  devitrified  glass :  in  this  country,  the 
sandstone  of  Godstoue  in  Surrey  has  been  found  to 
answer  the  purpose.  The  fact  is,  however,  that  the 
choice  ol  a  proper  flutting-stone  constitutes  one  of 
the  cliief  difficulties  of  this  elegant  and  remarkable 
branch  of  the  glass-manufacture. 


before  being  used.  All  the  curves  and  lumps  bemg 
thus  removed,  the  slieet  is  pushed  into  the  aruiealing 
oven,  where  it  cools  down.  Another  man  then  places 
it  on  edge  in  an  inclined  position,  and  when  30  or  40 
sheets  are  thus  collected,  an  iron  rod  s.  Fig.  1084,  is 
inserted ;  and  the  processes  are  conducted  in  this  way 
untU  tlie  annealing-furnace  is  filled. 

Such  is  the  German  method,  which  lias  long  been 
practised  on  the  Continent.  In  1842,  ilessrs.  Chance 
of  Birmingham  introduced  it  into  England,  with 
certain  improvements,  which  they  patented.  Instead 
of  at  once  removing  the  glass  from  the  flatting  to  the 
annealing-furnace,  and  lifting  it  to  tlie  cooling-bed 
while  soft  and  liable  to  distortion,  they  flat  and  coo! 
it  by  passing  it  through  a  succession  of  decreasing 
temperatures,  so  that  it  is  not  lifted  until  it  becomes 
quite  stiff  and  rigid.  By  this  arrangement  the  work- 
man can  flatten  while  the  annealing  is  going  on,  which 
could  not  be  done  in  the  old  process,  because  the 
temperature  of  the  flatting  kiln  must  be  reduced  with 
that  of  the  annealing  kUn  to  which  it  is  contiguous, 
tluis  leading  to  the  successive  heating  and  cooling  of 
the  kiln,  and  waste  both  of  time  and  fuel.  At  Messrs. 
Chance's  establishment  the  flatting  and  annealing 
kilns  are  two  circular  buildings  communicating  with 
each  other,  each  consisting  of  an  exterior  wall  a,  Fig. 
108fi,  and  interior  masonry  work  b,  the  intervening 
space  being  a  eu-cular  arched  vault.  In  each  vault  is  a 
east-iron  frame  i,  moving  on  casters,  and  capable  of 
being  turned  round  by  a  winch  on  the  outside.  The 
frame  in  the  flatting-kiln  carries  the  flatting-stones 
and  lagres  L,  8  in  number,  and  in  the  annealing-kiln  a 
number  of  metallic  wires  D,  radiating  towards  the 
centre  of  the  building,  for  supporting  the  sheets  of 
glass.  The  flatteniug-kiln  is  heated  by  tlie  grate  g, 
and  in  order  that  the  stones  and  lagres,  which  will 
have  cooled  during  the  rotation,  may  be  re-heated  and 
arrive  at  the  position  e  at  a  proper  temperature,  a 
second  smaller  grate  is  placed  at  ii.  If  coke  be  used, 
a  chimney  at  c  will  be  required,  but  with  wood  fuel 
i:  will  not  be  needed.  Partitions  p  are  placed  at 
certain  intervals,  to  prevent  the  too  rapid  dissipation 
of  the  heat  from  those  parts  where  it  is  most  required, 
and  to  retard  the  entrance  of  cold  air  through  the 
openings  in  the  external  wall.  At  the  bottom  of  the 
partitions  are  spaces  to  allow  the  frame  with  the 
stones  and  glass  or  the  wires  and  glass  to  pass  below. 
The  space  I  is  reserved  for  re-heating  the  wires.   Tlie 


space  J,  oil  which  the  glass  is  sluftc  1  fiom  the  lagres 

to  the  wires,  is  lighted  by  gis     The  kilii  is  worked 

ia  the  followiug  manner: — Ih 

first  placed  in  the  position  k 

thirdly   it   is   introduced 

through  the  external  wall 

and  placed  on  a  stone  sr, 

suspended  over  the  lagres: 

it  is  lastly  placed  in  the 

position  N  on  the  lagre 

beneath.     To  prevent  the 

cylinder  rolling   off,   the 

stones   have    a   ledge   /. 

This  part  of  the  kiln,  3 

3,Fig.l080,is  shown 

separately  in  Fig.  10S7. 


perfonting  the  flattening  stone  with  hoh 
diimeter  and  about  1  inch  apart. 

In  Ml   Farthings  auan^cmeut,  the  k: 
by  flues  under  the  flooi   around  the  walls, 


The  frame  f  is  then  turned 
round  till  the  cylinder  of 
glass  occupies  the  posi- 
tion 0  opposite  the  work- 
ing hole  0,  through  which 
it  is  then  flattened  in  the 
ordinary  way.  From  o  the 
glass   passes    to   G,    and 

thence  successively  to  H  :       

thence  it  is  shifted  to  the  Fg  im, 

position  T  on  tiie  wires, 
by  the  flattencr  using  his  insfiumcnt  flu 
openings;  and  after  passing  tluougb  the 
positions  arrives  finally  at  \  where  it  is  diawu  at  w 
fully  annealed.  Thus  each  sheet  of  glass  after  ha\ ing 
been  flattened  remains  on  the  stone  during  the  time 
that  other  cylinders  are  being  flattened  and  before  the 
sheet  is  lifted  off  the  stone  it  Ins  passed  through  a 
gradually  decreasing  temperature  and  has  become 
rigid.  The  annealing  is  also  carried  on  without  lower 
rng  the  temperature  of  the  kilns  by  the  movement  of 
the  frame,  and  the  sheets  being  isolated  by  the  wu:es, 
become  more  quickly  annealed. i 

Mr.  Hartley  of  Sunderland  is  also  an  improver  on 
the  German  method.  In  his  process  the  operation  of 
flatting  does  not  occupy  more  than  a  minute;  the 
flatting-stone  is  made  to  revolve  in  such  a  way  that 
the  cylinder  upon  ii  is  gradually  exposed  on  all  sides 
to  the  action  of  the  fire,  and  thus  one  side  of  the 
cylinder  is  not  hotter  than  the  otlier.  It  is  difficult 
to  obtain  perfectly  flat  glass  for  polishing,  on  account 
of  the  film  of  air  between  the  flatting-stone  and  the 
cylinder.      Mr.   Hartley  overcame  this  difficulty  bj 


arch   fhu    piotecfmg  the    I  iss  from  dust  or  hard  p 
ticlc   fiom  the  fuel  and  alioi.\  nig  cheap  fuel  to  be  usi 


S£CTio>f  VIII  — Pi,ate-Gl.\ss. 

This  beautiful  variety  of  glass  is  similar  to  crowu- 
ghss  the  only  essential  base  willi  bilicic  anid  being 
soda  and  lime  but  a  laiger  pru]"  i  li n  ■  f  .di.  'a  \,r\\\<^ 
ised  the  point  of  fusion  is  lo   I  r  '  i     lis. 

Plate  gla-isrequiiestobeas  ti  n  ,  :  lr^s 

as  possible,  m  older  that,  whm  i;  <  il  1'  r  luitois,  thi.: 
light  may  be  reflected  from  the  amalgam  at  the  back ; 
these  qualities  can  only  be  ensured  by  purity  in  the 
materials.  A  good  mirror  should  also  reflect  an  image 
iu  its  true  and  natural  form,  without  distortion  of  any 
kind ;  henee  there  must  be  no  waves  or  lumps  in  the 
glass  to  produce  irregularity  of  reflection.  The  difficul- 
ties of  producing  faultless  plate-glass  are  almost  as 
great  as  in  the  case  of  optical-glass ;  and  as  the  work- 
ing arrangements  are  of  a  very  costly  description,  the 
manufacture  is  in  this  country  in  the  hands  of  a  few 
powerful  companies.  It  cannot,  however,  be  said 
that  they  have  attained  perfection  in  the  art.  At  tlie 
Exhibition  of  1S51,  plates  of  enormous  dimensions 
were  exhibited,  but  in  quality  they  were  not  equal  to 
the  French.  A  writer  in  Newton's  London  Journal,  Vol. 
XXXIX,  offers  an  ingenious  explanation  of  the  cause 


of  our  iuferiority  in  this  respect,  by  referring  to  the 
fiict,  that  many  nentral  salts  combine  together  by 
fusion  in  atomic  proportions,  and  form  new  and  defi- 
nite componnds :  thus,  carbonate  of  potasli  and  car- 
bonate of  soda,  when  mixed  atom  for  atom,  unite, 
and  produce  a  coiupouiid  more  easy  of  fusion  than 
the  more  l;;-:i':i  !  Ii.  i.vm  ;  so  also  fluor  spar  and 
sulphatr  I  i  :  i.  ably  infusible  substances, 

iiiclt  ru.i  :         '  ;    .:   a  low  red  heat,  into  a 

mobile  (r.nL-ijj.iLii:  llui.i  :  bO  also  with  respect  to  the 
silicates  :  a  mixtore  of  silicate  of  potash  and  silicate 
of  soda  will,  if  in  atomic  ratios,  fuse  much  more  readily 
than  eilher  of  them  alone  ;  but  if  one  of  them  be  in 
excess,  (the  silicate  of  soda,  for  example,)  then  the  sili- 
cate of  potash  would  unite  with  exactly  sufficient  of 
the  sEicate  of  soda  to  produce  a  glass  of  compara- 
tively easy  fusibility ;  while  the  less  easily  fusible 
silicate  of  soda  in  excess,  would  form  a  kind  of 
network  throughout  the  mass.  This  less  fusible 
glass  thus  entangled  in  the  more  fusible,  and  of 
different  density  therefrom,  would  form  striae,  and 
jiroduce  unequal  refraction  and  distortion  of  figure. 
The  exceUenoe  of  the  plate-glass  of  St.  Gobam  is  said 
to  be  due  to  the  fact  that  it  is  a  true  chemical  com- 
pound, consisting  of  one  atom  of  the  trisilicate  of 
soda  and  one  atom  of  the  trisilicate  of  lime,  with  a 
small  percentage  of  alumina.  The  English  plate-glass, 
on  the  contrary,  consists  of  a  mixture  of  two  glasses 
of  different  densities.  On  placing  a  specimen  of 
iVench  and  English  plate  side  by  side,  and  viewing 
some  distant  object  in  each  by  reflection,  tlie  French 
glass  will  give  a  clear,  sharp  outline,  while  the 
English  will  reflect  two  or  more  images  in  a  hazy 
and  imperfect  manner.  It  must,  however,  be  remem- 
bered that  the  French  are  particularly  careful  to 
ensure  the  purity  of  their  materials,  that  they  manu- 
facture the  most  costly  description  of  plate-glass, 
and  that  the  specimens  at  the  Great  Exhibition  were 
•picked  from  a  very  large  stock.  Our  manufacturers, 
on  the  contrary,  work  for  the  million,  a  very  large 
))ortion  of  their  supply  being  for  glazing  shop-windows 
and  the  windows  of  private  houses,  as  well  as  for 
cheap  looking-glasses ;  whereas,  the  French  never 
glaze  with  plate-glass,  and  their  choicest  productions 
being  cosily,  the  demand  for  them  is  Umited.  It 
is  of  far  more  importance  that  the  masses  of  the 
people  should  be  supplied  with  such  an  article  of 
comfort  and  luxury  as  plate-glass,  even  though  it  be  of 
a  somewhat  inferior  description,  than  that  the  manufac- 
ture of  the  superior  article  should  be  so  costly  as  to 
place  it  within  the  reach  of  the  wealthy  only.  The 
French  plate-glas.s  is  unquestionably  good ;  but  it  is 
doubtfid  whether  it  could  be  applied  to  the  purposes  of 
glaa-ing,  as  it  would  be  likely  to  suffer  from  the  action  of 
the  weather.  The  Editor  has  been  informed  by  a 
plate-glass  manufacturer,  that  if  the  materials  be 
combined  in  the  melting-pot  in  true  atomic  propor- 
tions, the  portion  of  the  alkali  volatilized  by  the 
heat  will  disturb  the  atomic  arrangement ;  and  that 
if  an  excess  of  alkaK  be  added  to  compensate  for 
this  loss,  then  the  glass  becomes  basio  or  alkaline, 
and,  attracting  moisture  from  the  atmosphere,  soon 


loses  its  polish  and  decays.  In  plate  electrical-machines 
a  dry  glass  is  of  importance ;  and  hence  crown-glass, 
although  inferior  in  colour,  is  to  be  preferred.  The 
effect  of  the  Exhibition  of  1S51  was  to  give  a  healthy 
stimulus  to  our  plate-glass  manufacturers ;  for  we  read 
in  the  Jury  Eeport  of  1S62  of  the  "  superior  quality  " 
of  the  plate-glass  "  which  both  the  British  and  foreign 
departments  continue  to  produce."  It  is  also  added : 
"  This  is  a  manufacture  almost  perfected." 

In  this  country  the  best  quality  of  soda  ash  is 
employed.  At  St.  Gobain  pure  carbonate  of  soda 
is  obtained  by  decomposing  sulphate  of  soda  with  Ume 
and  charcoal.  Potash  is  not  used  for  plate-glass, 
except  a  small  portion  of  nitre  to  destroy  carbonaceous 
matters.  Glass  made  with  soda  and  lime  flows  more 
freely  than  that  made  with  potash  and  lime  at  the 
same  temperature,  and  is  hence  better  suited  for 
easting.  The  glass-gall  of  the  soda  glass,  consisting 
of  sulphate  of  soda  and  chloride  of  sodium,  is  also 
more  volatile  than  potash  gall,  and  is  hence  more 
readily  got  rid  of  from  the  open  pots  in  which  the 
glass  is  fused.  The  lime  may  be  introduced  in  the 
form  of  chalk,  quicklime,  or  dry  slaked  lime.  The 
sand  and  alkali  must  be  well  purified  from  oxide  of 
ii-on,  and  all  the  materials,  with  the  exception  of  the 
cuUet  or  broken  plate,  must  be  in  powder,  sifted  and 
ground  if  necessary.  In  England,  ai-senic  is  used, 
and  in  France,  borax :  the  latter  material  greatly  im- 
proves the  colour,  but  is  said  to  produce  a  soft  glass. 
Li  the  manufacture  of  plate-glass,  the  materials  are 
not  fritted,  as  was  formerly  the  case,  but  are  sufficiently 
pui-e  to  be  placed  in  the  pot  in  li  siirrossive  charges: 
they  are  melted  in  open  sj 
pots,  and  by  the  side  of  K 
them  are  other  crucibles  ^ 
cisterm.  Fig.  10S8,  | 
called  cawWes,  in  France,      \'  ,;';| 

where    they    are    quad-         ^ '•"•'' '' 

igular    in    form,   into  i-i:-.  Ulv^. 

which  the  glass  is  ladled  when  ready  for  castmg. 
The  English  pots  and  cisterns  are  of  the  same  form 
those  u^ed  in  the  manufacture  of  crown-glass. 
At  the  Thames  Plate-glass  Works,  the  melting-pots 
10  inches  deep,  and  4S  inches  across  at  the  brim, 
and  are  capable  of  holdmg  from  28  to  30  cwt.  of  glass, 
cisterns  hold  from  3  to  6  cwt.,  and  have  an  in- 
dented ring  about  one-third  of  the  way  up  from  the 
bottom,  into  which  the  limbs  of  the  huge  tongs  fit, 
at  the  casting.     Vitrification  is  complete  in  about 
hours,  and  when  properly  refined,  a  copper  ladle, 
or  12  inches  in  diameter,  fixed  to  an  iron  handle 
7   feet    long,   is    plunged   into    the  glass-pot,   and 
raised  full  of  melted  glass;   the  ladle   being  sup- 
ported by  an  iron  rest  held  by  two  men,  its  contents 
conveyed  to  another  furnace,   and  poured  into 
the   cistern,   which  is   filled   iu   this   way  and  left 
for  12  hours  to  fine,  samples  being  withdrawn  from 
time   to  time  for  examination.      During  the  first 
6  houi-s  the  founding  goes  on,  and  in  the  second,  the 
fining ;  during  which  the  temperature  is  lowered  to 
the  proper  point  for  casting. 
The  casting  is  performed   on  massive   tables  of 


metal,  wliieh  at  the  Thames  Plate-glass  Works  arc  of 
iron,  20  i'uct  long,  11  hroad,  and  7  inches  thick,  made 
peifepdy  smooth  and  level.    Brass   or  bronze  was 
formerly  u^ed  ;  the  bronze  slab  at  St.  Gobain  weighs 
50,UUUlbs.,  and  cost  4,000/.     But  the  liability  of  this 
metal  to  crack  first  led  the  Brifi^Ii  1"  i'    r  i  i     u  ,  I 
make  trial  of  iron,  which  was  I 
cessful;  and  at  St.  Gobam  tlu  \  li 
.ise    of  bronze  for  the  more  cu,,        i  I       I  u 

fuiiudry  at  Bavenhead  is  described  as  a  line  room 
33'J  feet  long,  155  feet  wide,  and  lofty  in  proportion. 
The  melting  furnaces,  which  are  ranged  down  the 
centre,  occupy  about  one-third  of  the  whole  area  of 
this  apartment.  The  annealing  ovens  at.  Fig.  10S9, 
arc  placed  in  two  rows,  one  on  each  side  of  the  foun- 
dry, and  occupy  the  greatest  proportion  of  the  side 
walls.  Each  oven  is  10  feet  wide  and  40  feet  deep. 
Tlirir  Hoors  being  level  with  the  surface  of  the  easting 
table  T,  the  plates  are  deposited  in  them  as  soon  as 
they  are  cast. 

When  the  melted  glass  in  the  cistern  is  in  the 
in-oper  state  for  flo\ving  readily  and  equably,  the  cis- 
tern is  taken  out  of  the  furnace  by  means  of  tongs 


\^ith  the  glass  on  the  casting-table.  The  cistern  is 
then  wound  up  to  a  suiiicient  height  by  means 
of  a  crane,  and  swung  over  the  upper  end  of  the 
casting-table,  which  has  been  heated  by  hot  coals 
spread  over  it,  and  then  wiped  perfectly  clean.  The 
cistern  being  tilted  over,  a  torrent  of  melted  glass  is 
suddenly  poured  out  on  the  surface  of  the  table  :  it  is 
prevented  from  running  off  the  sides  by  ribs  of  metal, 
C(?,  one  of  which  is  placed  along  the  whole  length  of  each 
side,  their  depth  bemg  the  exact  measure  which  is  to  be 
given  to  the  thickness  of  the  glass.  When  the  cistern 
has  been  emptied,  a  massive  copper  cylmder,  e,  3 
feet  in  diameter,  extending  entirely  across  the  table, 
and  restmg  on  the  side-ribs,  is  set  in  motion,  ami 
spi'cads  the  glass  out  into  a  sheet  of  uniform  breadth 


and  thickness.  The  ponrmg  out  of  the  glass  is  a  grand 
sight,  and  the  vai-iety  of  colours  exhibited  by  the  plate 
immediately  after  the  roller  has  passed  over  it  is  beau- 
liful  to  behold.  In  order  to  remove  all  impurity  from 
the  casting-slab,  a  washer  w  is  di-awn  immediately  in 
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front  of  the  fluid  glass ;  the  excess  of  glass  poiu's  over 
the  front  edge  into  a  trough  filled  with  water :  the 
roller  then  passes  off  the  slab,  and  is  received  in  the 
grooves  n  n.  The  casting  is  then  cleared  of  any  redun- 
dancy at  the  sides  ;  a  tliiek  flange  of  the  still  soft  glass 


,rd 


.ml  V,  : 


I  poi.ition. 


exposed  to  a  gradn. 

Grindinfj  and  jkU ,,.     Ij.l  pL.te  b.  mg  still  hot 

and  yielding  when  it  is  slid  into  the  oven,  fakes  an 
impression  of  the  bricks  of  the  oven  upon  which  it 
rests,  while  the  upper  sm-faee  is  generally  made  smooth 
and  bright  from  the  action  of  the  fii-e,  but  it  is  not 
flat.  The  plates  as  they  come  out  of  the  aimealing- 
furnace  arc  about  \  inch  thick,  of  an  irrc;<uLir  mottled 
appearance.  They  are  carefully  examined,  to  see 
whether  the  glass  is  sufficiently  free  from  defects  to 
admit  of  forming  large  plates,  which,  of  course,  have 
a  much  greater  comparative  value  than  small  ones. 
^\■  n,,.  ,iftVf>f<-  -ire  such  as  cannot  be  removed  by 
'  '  '  must  be  cut  up  into  smaller  plates, 
ne  portions  may  be  rejected.  The 
hi  1 1.  J  hi  in  squared,  next  undergo  the  pro- 
cesses of  grhiding  and  polishing.  These  were  formerly 
done  by  hand,  but  of  late  years  this  laborious  work  is 
almost  entirely  performed  by  machinery.  The  first 
object  is  to  produce  a  level  surface,  which  is  done  by 
gruiduig  one  plate  upon  another,  a  rough  or  rolled 
surface  being  opposed  to  the  comparatively  smooth 
or  casting-plate  surface.  The  grinding  machines  for 
large  plates  are  arranged  in  paii-s  consisting  of  two 
benches  of  stone,  15  feet  long,  8  feet  wide,  and  IS 
inches  high.  On  the  surface  of  each  bench  one  or 
more  plates  of  glass  are  imbedded  in  plaster-of-Paris, 
close  together,  and  quite  level.  Other  plates  of  glass 
are  cemented  upon  the  lower  faces  of  two  swing 
tables  or  runners,  which  are  made  to  traverse  over  the 
fixed  beds  by  appropriate  machinery,  in  such  a  way 
that  each  runner  is  made  to  rotate  around  its  own 
axis,  and  by  a  combination  of  two  movements  to 
cluuige  contumally  the  relative  position  of  the  fixed 
bench  and  runner.  Such  an  arrangement  tends  to 
the  mutual  correction  of  the  two  sui'faees  of  the  glass, 
and  greatly  assists  the  equal  distribution  of  the  sand 
and  water.  All  the  irregularities  of  the  surface  arc 
first  ground  out  with  sharp  river-sand,  which  has  been 
washed  and  sifted  into  three  sizes :  the  sand  and  water 
are  thrown  on  by  hand  from  time  to  time.  When  the 
plates  have  been  ground  quite  flat,  the  finer  sand  is 
employed  :  this  is  followed  by  one  finer  still,  which 
removes  the  scratches  made  by  the  coarser.  The 
plates  of  glass  are  well  washed  between  every  change 
of  sand,  and  when  one  side  has  been  ground,  the 
plates  are  reversed  and  the  other  sides  ground. 


When  the  plates  become  suflicicutly  smooth  to 
require  the  application  of  emery,  there  is  a  ten- 
dency to  coliesion  between  the  surfaces,  which,  travel- 
ling over  each  other  with  moderate  velocity,  produce 
so  much  friction  that  oue  surface  will  frequently  tear 
the  glass  from  the  other.  Hence  it  has  not  been 
thought  safe  to  trust  the  next  process,  namely,  the 
imoolhiiig ,  to  machinery,  and  hand  labour  has  been 
cm[ilojed.  Lately,  however,  machinery  invented  by 
Mr.  Blake,  of  the  Thames  Plate-glass  Works,  has 
been  introduced.  The  Editor  has  seen  it  in  action, 
and  it  appears  to  answer  the  purpose  admirably ;  its 
object  being  to  imitate  the  motions  of  the  arms  and 
legs  of  the  persons  employed  in  smoothing.  The 
following  is  the  method  by  hand.  The  plates  are  put 
upon  flat  stone  benches  about  2  feet  high,  covered  with 
wet  canvas,  which  serves  to  hold  tliem  firmly.  The 
surface  of  each  plate  is  sprinkled  with  emery  and 
water,  and  a  small  plate  is  us\udly  used  as  a  grinder  or 
rimncr ;  but  if  the  plates  be  lai-ge,  a  few  flat  lead 
weights,  of  about  14  lbs.  each,  are  put  on  the  runner 
near  the  middle,  to  distribute  the  pressure  uni- 
formly, and  the  runner  is  made  to  traverse  with  a 
swinging  rotatory  stroke :  each  stroke  is  made  to 
follow  a  slightly  different  path  from  the  preceding 
one,  and  the  runner  is  gradually  twisted  round  as  the 
smoothing  jiroeeeds.  In  this  way  every  part  of 
the  bed-plate  and  runner  is  exposed  to  an  equal 
amount  of  grinding,  and  the  emery  is  uniformly 
distributed.  Young  girls  are  employed  on  sm.all 
plates ;  but  the  large  ones,  which  require  more  dex- 
terity, and  a  much  larger  amount  of  traverse,  are 
smoothed  by  two  women,  who  stand  on  opposite  sides 
of  the  bench,  and,  placing  their  outstretched  hands 
flat  upon  the  runner,  swing  it  with  a  kind  of  eccentric 
circular  stroke.  Women  are  said  to  perform  this  rude 
work  better  than  men,  on  account  of  their  superior  deli- 
cacy of  touch,  which  leads  them  to  use  the  moderate 
degree  of  force  required,  and  to  detect  and  remove 
particles  of  grit  amongst  the  emery.  About  three 
sizes  of  carefully  washed  emery  are  used ;  and  between 
every  size  the  plates,  canvas,  bench,  and  hands  are 
thoroughly  washed:  the  dress  must  also  be  quite 
clean,  as  any  particle  of  grit  would  ruin  the  work,  and 
require  the  smoothing  to  be  recommenced.  The  fine 
emery  last  used  gives  a  very  smooth  and  partly 
polished  surface. 

Tlie  polishing  is  completed  by  rubbers,  covered  with 
thick  felt,  and  worked  by  machinery.  The  plates  of 
gi,\ss  are  embedded  close  together  with  their  surfaces 
quite  level  upon  movable  platforms  fixed  upon  a 
travci-sing  bed.  The  rubbers,  which  measure  8  by 
G  inches  each,  arc  attached,  1  foot  asunder,  to  recipro- 
cating carriages,  -whieh  drag  the  rubbers  backwanls 
and  forwards  over  the  surface  of  the  glass,  while  I  In- 
latter  traverses  beneath  the  rubbers  a  space  ecpiil 
to  the  distance  between  the  two  lines  of  rubbers,  .  - 


earthy  matter :  it  admits  of  being  mixed  with  water, 
and  thus  reduces  the  friction,  and  prevents  the  glass 
becoming  heated  by  the  action  of  the  rubbers.  Tripoli, 
crocus,  or  putty-powder,  used  with  water,  are  too 
active  to  produce  a  high  polish  on  glass ;  but  they 
may  be  employed  dry  for  the  last  finish  in  hand-polish- 
ing. In  polishing  by  machinery,  dry  powders  must 
be  avoided  on  aeeount  of  the  friction  and  heat  evolved. 
Hand-polishing  is  very  tedious,  and  is  apt  to  produce 
a  wavy  appearance ;  hence  machino-poUshed  glass  is 
to  be  preferred.'  The  machinery  represented  in  Figs. 
1090  to  1093  will  convey  a  very  good  idea  of  that  used 
in  the  grinding  and  polishing  of  ordinary  plate-glass. 

The  grmding  and  polishing  of  tlie  plates  reduces 
their  thickness  as  much  as  one-third,  and  in  some 
cases  one-half.  Should  the  glass  be  defective,  the 
polishing  will  only  serve  to  heighten  the  defects;  hence, 
a  second  and  more  careful  examination  and  selec- 
tion of  the  plates  is  now  made.  The  defective  ones 
arc  cut  up  into  smaller  plates,  and  these  arc  polished 
again:  the  perfect  ones  are  reserved  for  silvering, 
the  process  for  whieh  will  be  described  presently. 

To  prevent  or  diminish  the  waste  in  the  grinding, 
Mr.  Bessemer  has  proposed  to  alter  the  whole  of  the 
arrangements  of  this  manufacture.  The  furnace  and 
the  pots  of  glass  arc  so  areanged,  that  each  pot,  as 
soon  as  its  contents  are  in  a  fit  condition,  is  wheeled 
out  of  the  furnace,  and  tilted,  so  as  to  pour  the  melted 
glass  between  two  rollers  placed  at  a  certain  distance 
apart,  and  kept  cool  by  a  cui-rent  of  water  passing 
through  them.  In  this  way  a  uniform  thickness  of 
glass  is  ensured.  The  hot  sheet  of  glass,  on  passing 
between  these  forming  rollers,  is  received  between 
two  finishing  rollers,  and  being  closer  together,  and 
moving  with  accelerated  speed,  the  glass  is  made 
smootii  .i:.l  lilt  A  tl.itrd  or  a  chequered  surface 
canbi-':.  -'1:  '  l.v  the  making  rollers:  such 
a  surf:b  '  I  I  1-  ;i     ::i  the  sand  used  in  grinding, 

oprration.  After  the 
Miidpair  of  rollers, 
it  slid.,   i    ,  ,   .  .  ;    I      -     i     Ml  a  flat  table,  and 

when  sn'    :  i    !  '    ,   '  '  '^  transferred  to 

the  auucaiiii-k;;!:,  \>L:.a  i-  luMird  by  hot  air,  the 
direct  action  of  the  fuel  being  prevented.  In  polishing, 
the  plate  is  secured  to  a  slab  of  slate,  and  an  endless 
band  or  strap  of  gutta  percha,  covered  with  felt  and 
polishing  material,  is  made  to  pass  rapidly  over  the 
surface  of  tiie  glass,  in  contact  therewith :  at  the  same 
time,  the  band  is  made  to  traverse  slowly  at  right 
angles  to  the  line  of  its  motion. 

Plate-glass  is  sometimes  ma  !<■  l.y  liir  I.!..-,  ui-  and 
flattening  process  already  (Ir  i  .julari- 

■     .li.iu  of 


GLASS. 


by  grmdmg  and  polishuiR.     The  moving  parts  of  the  ,  deseribc  an  arc  about  the  point  6,  and  these 
gnuding-maeliiue  employed  for  the  purpose  will  be     tions  bring  all  parts  of  the  running 
understood  from  Fig.  1090,  in  which  the  dotted  lines     --  '        ' 
represent  the  framing.     This  consists  of  coutmuous 
beams  1,1,  united  by  vcitjcul  parts  2,  2;  aud  above 
IS  an   axis  3,  3,   carrying  one  pair  of  bevel-wheels, 
which  turn  the  upright  shaft  I-  and  its  erauk  5  to  the 
right  or  left  at  pleasure.     The  iiiii  of  tlie  crank  5 


commimicatcs 


opposition  to  nearly  every  part  of  the 
lower  bed :  this  bed  rests  on  railway  bars  9,  9,  and  is 
very  slowly  reciprocated  to  and  fro  by  the  bar  10, 
which  sets  a  large  number  of  machines  in  motion  by 
means  of  a  crank  attached  to  it.  The  circle  dcscribeil 
by  the  crank  5  is  about  two-thirds  of  the  length  of 
tlie  moving-table.  The  lower  face  of  this  tal)le  is 
covered  with  slate,  upon  which  the  glass  is  cemented : 
another  sheet  of  glass  is  cemented  upon  the  lower 
upper  table  is   loaded  with  4  or  S 


:cd  i 


hM 


moving-table  to  which  it  is  attached,  while  the  tixc 
radius  bar  6,   7,    S  makes   the  centre  of  the  tabl 


equally.     Coarse 
grinding;  aud  when  the  macliiM,  i      i    ,:    ,  i;ui:r 

emeries  for  smoothing,  the  \vi;iil.  :,|.;  ii,,:  u  .  i,  i-nx- 
fuUy  washed.  In  some  factories  the  plates  of  glass  are 
smoothed  by  rubbing  them  upon  one  another  by  hand. 
The  sheet-glass  having  been  ground  flat  aud 
s  pohshed  by  machinery,  the  principle  of 
IS  roughly  illustrated  by  the  following  figures. 
n-'s.  1091,  1093,  is  the  main  shaft,  extending 
^li-iut  the  length  of  the  building,  and  having 
iL-ry  row  of  machines  one  double  and  two 
cranks,  whicli,  by  means  of  connecting-rods, 
the  two  long  central  beams  2,  2  to  the  right, 
tlic  same  time  the  two  exterior  beams  2',  2'  to 
I.  I  ill'  lr,:\rj::L'  iTiDis,  or  rods,  carry  rubbers 
■  I  I  lie  face,  and  covered  with 
joint  to  the  loaded 


;■■  1  '^ 


i  them  on  the  g 


^-               .          !:                    Z                      'I 

"^s 

^^=^= 

The  joint  which  unites  4  and  5  is  situated  in  a  morti 

of  the  long  travellmg  beam  2.     In  order  to  raise  t 

cushion  from  the  glass  aud  throw  it  out  of  work,  the 

piece  5  is  raised  and  laid  dc 

which  brings  the  lever  4  into 

nibeers  all  assume  au  inclined  p 

of  the  several  tables  which  carry 

the  glass   having  a  very  slow 

transverse    motion,    which    is 

brought  about  in  the  following 

manner:— The  main  shaft  1,  1, 

sliding  bcvel-whccis  G,  G, 
Fig.  1093 ;  these  through  7 
move  the  tangent  screw  8,  and 
tlience  the  worm-wheel  9,  which 
latter,  by  the  pair  of  bevel- 
wheels  10,  11,  moves  the  long  shaft  carrying  the  line 
of  pinions  12,12,  one  or  two  of  which  arc  under  every 
table,  and  traverse  the  same  by  the  aid  of  plain  roll- 
ers 13,  13.  A  tumbling-bob  is  affixed  to  the  table 
nearest  the  cranks  and  gear,  by  which  the  position  of 
the  pair  of  bevels  C,  6,  is  shifted  to  make  the  tables 


the  c 


Slice riiif/. — A  leaf  of  tinfnil 

the  position  5',    than  the  plate  to  be  silvered  i 

position  4'.     The  '  sUvering  table,  and  mercui-y  bn 

on  in  eonscqucneo    the  surface  is  uniformly  covcic 


'"  'ijjQ'mt.Ciajjia 


(2)'(2) 


uldcd,  r, 


oved  with 


and  a  brilliant  surface  produced.  The  jilatc  of  glass 
is  pushed  slowly  forward  from  the  side,  with  the 
longest  edge  foremost,  and  dipping  below  the  surface 
of  the  mercury  so  as  completely  to  exclude  the  air. 
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In  this  way  the  glass  is  brought  into  contact  with  the 
metal,  and  a  brilliant  snrface  produced.  Tlie  plate 
may  now  be  said  to  be  floating  on  a  bed  of  mercury. 
To  get  rid  of  the  excess  of  metal  the  mirror  is  loaded 
with  weights,  and  the  table  inclined  10°  or  12°,  when 
the  mercury  flows  away.  A  further  portion  is  got  rid 
of  by  setting  the  plate  up  on  edge,  and  in  the  course 
of  3  or  i  weeks  a  dry  permanent  coating  of  tin  amal- 
gam is  left  on  the  glass. 

This  metliod  has  many  objections :  the  vapour  of 
merciuy  is  poisonous  to  the  workman ;  the  plates  are 
liable  to  fracture  from  the  heavy  load  placed  upon 
them ;  and  when  set  up  on  edge,  drops  of  mercury 
.";'  :  I  -  ii  I  !  !>■  down,  caiTjing  the  amalgam  with 
11'  .1  I-  II.;  ling  it  necessary  to  re-silver  the 
^  M'lreover,  the  amalgam  is  liable  to 

sj  -1  !;,  L;;.r:;.^.:z;ition  or  carriage.  Mr.  Drayton's 
method  is  free  from  these  defects.  His  silveriiiff  fluid 
is  obtained  by  mixing  ammonia  with  nitrate  of  silver, 
filtering  the  mixture,  and  adding  to  it  an  alcoholic 
sob.tionofoilof  ca«;,i;  ^  ■■■'  n;)  ,v'  nf  silver,  3  oz. 
of  alcohol  of  S 7  per  r  ;,    ,       ;    '  i  >lnjps  of  oil  of 

cassia,  may  bo  ciii|'!    -  I  i       i      1  will,  on  the 

addition  of  a  rcihicnii  ,'  ,  ■'  '  c  .n-i-i  m-  of  1  part  oil 
of  cloves  in  3  parts  alcdhol,  deposit  Ijright  metallic 
silver.  The  glass  to  be  silvered  is  made  perfectly 
clean,  and  is  surrounded  by  a  rim  of  putty :  a  layer 
of  silvering  fluid,  to  the  depth  of  1  or  2  Imes,  is  then 
poured  upon  it.  The  addition  of  the  oil  of  cloves 
solution  causes  a  film  of  brilliant  metallic  silver  to 
attach  itself  firmly  to  the  surface  of  the  glass.  The 
reduction  should  be  slow ;  for  which  purpose  a  very 
sniaU  proportion  of  the  reducing  liquid  is  used ;  from 
6  to  12  drops  are  sufficient  to  precipitate  4J  ounces 
of  the  solution  of  silver,  and  the  film  of  metal  is  so 
thin  that  a  square  foot  of  it  weighs  only  from  12  to 
18  grains.  The  action  of  the  volatile  oil  is  to  de- 
oxidize the  oxide  of  silver ;  while  the  nitric  acid,  set 
free,  combines  with  the  ammonia. 

It  is  not  easy  to  obtain  by  this  process  a  perfectly 
clear  unspotted  surface.  The  dark  colour  of  the 
coating,  giriug  a  certain  black  effect  to  the  mirror,  is 
also  a  disadvantage.  This  black  appearance  is  due  to 
the  perfection  of  the  silver  coating,  and  the  precision 
with  which  it  reflects  the  rays  of  light,  so  that  very 
few  rays  reach  the  eye  unless  the  incident  angle  be 
very  small,  as  when  a  person  is  standing  opposite,  or 
nearly  opposite,  the  mirror.  Whereas,  the  ordinary 
coating  of  tin  amalgam  is  crystalline  in  its  character ; 
and  although  the  surface  in  contact  with  the  glass 
may  appear  to  be  homogeneous  in  character,  yet  every 
square  inch  of  it  is  really  composed  of  a  multitude  of 
crystals,  which  scatter  the  light,  and  reflect  it  to  the 
eye  in  almost  any  position  in  which  the  observer  may 
happen  to  be.  It  has  been  proposed  by  Vohl '  to  form 
the  silver  coating  for  small  surfaces,  the  interior  of 
glass  balls,  &c.,  by  dissolving  gun-cotton,  or  the  ex- 
plosive substance  from  sugar,  mannite,  &c.,  in  caustic 
potash,  by  the  aid  of  heat ;  to  add  to  the  brown  solu- 
tion a  few  drops  of  nitrate  of  silver,  and  then  am- 


monia, until  the  precipitated  oxide  of  silver  is  re- 
dissolved:  it  is  then  to  be  lieatcd  in  a  water-bath, 
when,  at  a  certain  point  of  the  process,  the  mixture 
assumes  a  blackish  brown  colour,  froths  up,  and  all 
the  silver  becomes  deposited  upon  the  surface  in  the 
form  of  a  mirror,  which  is  said  to  be  more  brilliant 
than  that  produced  by  means  of  ethereal  oils. 

Mr.  Drayton  also  employed  a  mixture  prepared  from 
1  part  solution  of  ammonia,  2  parts  nitrate  of  silver, 
3  parts  water,  and  3  of  alcohol :  this  solution  was  fil- 
tered, and  mixed  with  Jth  part  of  grape  sugar  dissolved 
in  weak  spirit.     [See  Appendix.] 

A  few  years  ago  Dr.  Faraday  gave  a  lecture  on  this 
subject  at  the  Eoyal  Institution.  The  following  was 
one  of  the  illustrations.  Two  large  plates  of  glass 
were  mounted  in  a  frame  about  an  inch  apart,  the 
bottom  and  ends  being  closed  with  strips  of  glass, 
thus  forming  a  long,  narrow,  transparent  box.  Before 
the  lecture  this  was  filled  with  silvering  fluid,  so  that 
persons  on  the  seats  near  the  lecture-table  could  see 
persons  on  the  opposite  seats  through  the  silvering 
fluid.  On  pouring  some  of  the  reducing  liquid  into 
the  box,  the  glass  sides  became  silvered,  so  that  those 
persons  who  looked  at  each  other  through  the  fluid 
now  saw  their  own  faces  reflected. 

Section  IX. — Coloured  Glass. 
All  the  varieties  of  glass,  and  most  saliuc  bodies  of 
a  vitreous  character,  such  as  borax,  admit  of  being 
coloured  by  metallic  oxides.  Most  of  the  colouring 
oxides  afford  more  brilliant  tints  with  clear  white 
glass  made  of  potash  and  lime  than  with  those  con- 
taining oxide  of  lead :  in  a  few  cases,  liowever,  lead- 
glass  is  to  be  preferred.  The  colouring  metals  are  not 
always  added  to  the  glass  in  the  form  of  oxides:  silver 
is  sometimes  used  in  the  form  of  chloride,  or  even  in 
the  metallic  state ;  the  colouring  metals,  however,  in 
the  glass  are  in  the  state  of  oxide,  in  combination  with 
silicic  acid. 

The  art  of  colouring  glass  is  of  early  date ;  indeed, 
it  seems  to  have  been  far  more  easy  for  the  early 
nations  to  produce  coloured  glass  than  the  pure  white 
glass  of  modern  times.  The  beads  found  in  Egyptian 
mummies  are  specimens  of  true  glass  coloured  by 
metaUic  oxides. 

The  colouring  oxide  must  be  intimately  mixed  with 
the  glass,  and  both  be  completely  fused.  Glass  ves- 
sels and  panes  for  windows  are  often  coloured  merely 
on  the  sirrface,  the  body  consisting  of  ordinary  colour- 
less glass.  In  forming  this,  the  glass-blower  collects 
the  proper  quantity  of  colourless  glass  on  the  end  of 
his  blowing  iron,  rolls  it  upon  the  marver,  and  when 
sufliciently  sec,  dips  it  for  a  moment  into  a  pot  of 
melted  coloured-glass,  and  blows  out  the  two  together 
into  a  cylinder  or  globe,  which  is  flatted  or  flashed  out 
in  the  ordinary  manner.  Vessels  of  flint-glass  are 
coloured  on  the  outside  in  a  similar  manner,  and 
colourless  facets  produced  by  cutting  through  the 
layer  of  coloured  glass  into  the  substratum  of  colour- 
In  stained  and  painted  glass  the  metallic  oxide  is 
mixed  with  vitreous  bodies  capable  of  easy  fusion. 


and  with  fluid  vehicles,  such  as  oil  of  lurpeufinc. 
TIk  ^r  ...r  -HMiluil  to  (he  surface  of  the  paue  with 
bill  '  '       u\  landscape  or  figure  paiuthig ; 

but  I '  11  iir  artist  on  glass  are  of  a  much 

ninii  I  111'  M  I  1  II  II  lur  than  those  of  the  artist  on 
canvas:  lie  nlu^t  uu  as  good  an  artist  as  the  latter, 
but  he  must  also  have  the  faculty  of  seeuig  his  effects 
as  thcj  will  appear  after  the  tiring,  and  not  as  he  lays 
them  on ;  for  the  colouring  oxides  which  he  employs, 
especially  when  mixed  up  in  their  fluid  vehicles,  are 
dark,  dirty,  and  disagreeable  in  colour,  and  have 
nothing  in  common  with  the  bright  and  beautiful 
effects  which  we  admire  in  a  stained  glass  ^vindow. 
■\Vheie  the  same  figure  or  pattern  is  to  be  repeated 
many  times,  it  is  in  some  cases  printed  on  the  glass 
with  a  gentle  pressure  from  an  engraved  metallic 
plate,  or  wnodcu  block,  boUcd  oil  liuing  used  as  the 
\  chicle  for  the  colouung  oxidr.  The  |Kiue,  having 
been  prepared  cither  li,>  painting  or  juinting,  is  ex- 
posed in  an  ovcu  or  mullle  to  a  ti  niperafuic  sufEcicnt 
to  fuse  the  vitreous  flux  and  dissolve  the  colouring 
material.  The  glass  selected  for  the  purpose  of  tlie 
stainer  should  be  clear  and  colouiless,  in  order  to 
bring  out  the  colours  wcU ;  and  difficult  of  fusion,  so 
that  the  flux  and  metallic  oxide  may  form  a  coloured 
glass  upon  its  surface  before  it  shows  any  tendency 
itself  to  fuse.  A  glass  contniiiiiiL,'  ii  'iiiall  |u-oportion 
of  alkali,  such  as  ciWMi    '        i    mi   iilh   |i\irpose. 

At  the  meeting  of  1 1      i  1 1  m  at  Bir- 

mingham, in  Septembi  i  i  ^  brought 

forward  some  important  |  '  ■  ^  [  i  i  Duuected 
w  ith  the  coloured  ornamcntaliun  of  ghibb  and  porcelain. 
In  the  first  place,  it  was  shovvn  that  all  the  colours  of 
the  prismatic  spectrum  may  be  impnrtpd  to  glass  by 
means  of  oxide  of  u:on,  ill  \  II  '  i  |  uli  ns,  andby 
the  agency  of  different  iL  -  1 1  uielusion 

being  that  all  the  colotu  ,  I       i  Inn:  natu- 

ral disposition  in  pnipnii  I     mi    i  i  of  tem- 

perature. Similar  phenimii  n  i  \m  le  hIim  nrd  with  the 
oxide  of  mani^ancse  It  i^l  i'-^  eoluuied  Mith  this  oxide 
remain  too  lung  in  the  luilliiig  pnl  or  the  aimealiug- 
kiln,  the y)«jyj/(.' tint  turns  Iii»t  to  a  light  bi-owtiish  red, 
then  to  yellow,  and  aftcrwauls  to  (/reen.  White  glass 
in  which  a  small  proportion  of  manganese  has  been 
used  is  liable  to  become  light  yellow  by  exposure  to 
the  solar  ia\s,  and  in  certain  kinds  of  window-glass  it 
turns  pink  or  purple  by  a  similar  exposure.  Such 
changes  also  t.ike  place  in  the  amiealing-oven.  In 
these  cases,  il.  Bontemjis  supposes  light  to  be  the 
active  agent,  and  not  a  change  in  the  oxidation  of  the 
metal.  A  series  of  chromalic  changes  of  a  similar 
cliaracter  were  observed  with  the  oxides  of  copper ; 
tlie  colours  being  in  like  manner  regulated  by  the 
heat  to  \\\\k\\  the  irlass  was  exposed.  It  was  found 
that  silver,  although  with  less  intensity,  exhibited  the 
same  pin  noun  \n  ,  mil  cold  -ilthough  usually  employed 
f(i   il      I  iii  I  I         \  iiicties  of  red,  was 

foiiii  I    I  I  I     img  at  a  high  tem- 

pi i  I  lines,  to  give  a  great 

nmiv    1  I  \  >  pud,   red,  opaque 

jelluw,  and  ji  n  C  h  ti  eo  il  in  excess  in  a  mixture 
of  sUico-alkakne  glass,  g'ves  a  yellow  colour,  which 


SS.  783 

is  not  so  bright  as  the  yeUow  from  siUer,  and  (his 
yellow  colour  may  be  turned  to  a  dark  led  by  a  second 
fire.  M.  Bontemps  is  disposed  to  refer  these  chro- 
matic changes  to  variations  in  molecular  arrangement, 
rather  than  in  chemical  composition. 

This  important  series  of  observations  cannot  be  said 
to  be  altogether  new.  Somewhat  analogous  effects 
have  long  been  known  to  belong  to  gold  and  eopp"r. 
Eor  example : — Gold  produces  a  beautiful  red  glass. 
After  fusion  this  glass  is  colourless ;  but  when 
heated  not  above  a  red-heat,  it  becomes  of  a  bright 
red  colour.  According  to  Rose,  the  gold  is  in  a 
state  of  protoxide,  which  forms  a  colourless  silicate 
by  fusion,  but  when  re-heated  a  little  below  the 
temperature  necessary  to  form  it,  some  portion  of 
the  protoxide  is  s.t  fiee.  Tlils  iirofoxide,  disse- 
minated ill       ,  II   i|i    I    1       II  III    of    extreme 


division,  1^ 
too  much  1 


Wlu 


1,  which  may 

be  due  to  ,i  |  nii  1  m.  i  l  i  u\ide,  metallic 
gold  being  set  fiec.  A  snndar  cll'(.Lt  occurs  in  glass 
coloured  by  copper.  A  glass  containing  protoxide  of 
copper  is  colourless  after  fusion,  but  it  becomes  green 
after  heating,  owinc  tn  t]  n  '-  M  ,  \ini. 
ferous  glass  may  bi    I  o  1        i  I  i  1 1 

of  borax,  12  of  nidi    1  1  us 

of  gold  in  aqua  regia,  and  (hen  iused. 

Glass,  porcelain,  and  earthenware  are  ornamented 
by  a  process  similar  to  the  above,  by  covering  tlie 
vessel  or  plate  to  bo  coloured  with  a  thin  layer  of  some 
adhesive  matter,  as  essence  of  lavender,  and  carefully 
dusting  on  this  a  finely-powdered  mixture  of  the 
coloiu'ing  oxide  with  the  proper  flux.  The  colour  is 
then  fixed  by  firing.  To  obtain  a  coloured  design  the 
surface  of  the  glass  may  be  printed  with  adhcbive 
varnish  from  an  engraved  block,  the  oxide  and  flux 
are  then  dusted  on,  aud  llic  powder  which  does  nut 
adhere  to  the  varnish  is  blown  off  with  a  pair  of  bel- 
lows previous  to  fu'ing ;  or  the  glass  may  bo  entirely 
covered  with  varnish,  and  the  powder  be  sprinkled 
upon  it  through  a  perforated  screen  or  open  fabric, 
such  as  lace,  applied  to  the  surface.' 

The  varieties  of  coloured  ornamental  glass  are  very 
numerous,  and  many  of  them  arc  derived  from  the 
Venetians.  The  Veneiian  hall  consists  of  a  number  of 
pieces  of  filigree  glass  packed  into  a  pocket  of  trans- 
parent colourless  glass,  which  is  adhesively  collapsed 
upon  the  iutf  rior  mass  by  sucking  up,  thus  allowing  the 
III  l|i  111  it  (he  atmosphere  to  act  upon  it.  The 
/  1 1  sists  of  plain  and  coloured  enamel. 

I  _  KISS  are  arranged  round  the  interior 

oi  ii  iii..,J.,i .  a  .  ihd  ball  of  transparent  flint-glass  is 
then  put  m,  and  w  hen  the  canes  have  adhered  to  it,  the 
ball  is  re-hoatcd,  marvcred,  covered  with  a  gathering 
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of  w  liitc  glass,  and  the  w  liole  is  tlieu  worked  iuto  a 
vessel.  Spiral  stems  for  wine-glasses,  &c.,  are  some- 
times made  in  a  similar  way.  Millejiore glass  (the  manu- 
facture of  which  was  a  few  years  ago  revived  hy  M. 
Bontcmps)  is  formed  by  fusing  together  a  number  of 
tubes  of  various  colours,  sections  representing  stars, 
flowers,  &c. :  slices  of  these  tubes  are  embedded  in 
white  transparent  glass,  the  whole  forming  a  pleasing 
ornament  uhioh  iiuiy  be  usod  a?  a  letter-weight. 
\]:\-iX  r.f  I'-  pn*ti;"-5  n-r,  l:'^-,Tr- rr,  very  tasteless. 
"  I  !   '  '">ls  of  variously 

■        I    1^       !      '  1         !.<:■.  iVinn  patterns. 

";,..,    ihe  pattern  is 

I  .".      I  ■   I      .''       .  .  i     '  ■:       ^  \  fusing  lengths 


t  of  lacc' 
oiianicl  or 


of  each  iih  !i  1.- iii-  n-r:.pi,,l  by  a  bubble  of  air, 
Frosf.'J  ,;!.:  '  \  ■  '  '  'iiuging  the  vessel  after  it 
has  been  10  .  '  liU  hot,  iuto  cold  water; 

rc-licaliiiu'  .I'l^l  li  lO'Hii  J  il  ;  when  it  appears  to  be 
covered  witli  fraolurcs,  a!t hough  it  is  quite  sound 
and  sonorous.  The  art  of  making  this  glass  was 
kept  secret  by  the  Venetians,  hut  was  re-disoovered 
l)y  Mr.  Pellatt. 

Affiilurine  Glasa  is  a  glass  of  a  brownish  colour 
iulcrspcrscd  with  small  spangles  which  give  it  a  pe- 
culiar shming  appearance.  The  method  of  manu- 
facture was  long  kept  secret.  Gahii  observed  that 
the  spangles  consist  of  metallic  copper,  ci'ystallized 
in  the  form  of  tlat  segments  of  a  regular  octohedron. 
FiTuiy  and  Clnn.-indot  succeeded  in  preparing  this 
-li-  liN  i!ii:i_  I  I'^'Oi'  lnr  13  hours  a  mixture  of 
■     I  ,  i  I  i  1  'arts  of  copper  scales, 

.:      I  ;  ,  and  afterwards  cooling 

11.;;  ii.i.vuiri' „ii,,i:y.  'lix  .i;lass  obtained  was  some- 
u hat  dull,  but  it  contained  copper  diffused  througli 
it  in  octohedral  crystals. 

To  Jlr.  Pellatt  -dso  do  we  owe  the  invention  of  the 
Hi  ;',  "1  «f  'i, !  ,:ii  >!;;ii '_-  : ':i>s  with  delicate  white 
\  ;       I      ,  :\  porcelain  clay,  cemented 

I  .  1!  IS,  made  thoroughly  di-y, 
;ri   I'i  :  .   ;  --f  iliut-glass,  and  imme- 

diately c\';  '  !;  :.  ■'  1  hiYcr  of  very  fluid  glass, 
so  as  cmi!,:  ■  \  1  >  '  '  ■  the  incrustation.  The 
polishnig  ■  !  i  .  v.r  gives  the  white  figure 

a  silvery  aji;;,  .,i,.,.tc,  'iv.c  lucrustation  may  of  course 
be  coloured  bufure  being  applied  to  the  glass.  Fliut- 
giass  vessels  with  coloured  enamel  figui-es  on  the 
outside,  are  sometimes  prepared  by  placing  the  enamel 
figures  in  their  proper  position  in  the  moiJd  in  which 
the  glass  is  blown.  The  hot  glass  firmly  cements  the 
figures  to  the  surface. 

Section  X.— Botile-Glass. 
This  is  the  coarsest  variety  of  glass  that  is  ma- 
nufactured.    Formerly,  when  the  duty  was  only  one- 
eighth  that  of  fllint,  the  law  required  that  wine  and 
beer-bottles  should  be  made  of  the  coarsest  materials. 


such  as  soap-boilers'  waste,  and  common  river  or  sea 
sand.  Now  that  the  manufacturer  is  released  from 
the  onerous  infliction  of  the  excise,  he  acts  to  a  certain 
extent  according  to  its  old  traditions.  His  glass  is 
not  very  uniform  in  character,  nor  are  his  materials 

I  very  pure.  But  theoretically  the  basis  of  bottlc-glaso 
is  a  triple  silicate  of  soda,  alumina  and  lime.     The 

I  place  of  a  portion  of  the  lime  is  generally  occupied  by 
magnesia  and  protoxide  of  iron,  and  part  of  the 
alumina  by  peroxide  of  iron,  T!  ^  ,,1;  iiiin  is  in  the 
form  of  clay.  The  rawm.'ifr  '  1  i  arches 
attached  to  the  principal  l'i;i  \  :  _ti  tem- 
perature is  required  forvitrii'h  ii : ;i  kv  iHut  of  the 

small  proportion  of  alkali.  In  IS  or  20  hours  the 
vitrification  is  generally  complete ;  the  glass-gall  is 
skimmed  off,  and  the  glass  cooled  down  to  the  blowing 
consistency.  A  wine-bottle  is  formed  in  a  cast-iron 
or  brass  mould,  as  in  the  case  of  flint-glass  bottles, 
and  in  English  wine-bottles  the  mark  of  the  moidd 
is  generally  too  prominent.  Large  round  bottles  arc 
blown  without  the  use  of  a  mould,  and  when  of  con- 
siderable size,  as  in  the  case  of  carboys  for  sulphuric 
acid,  the  aid  of  steam  is  called  in ;  the  man  spirts  a 
mouthful  of  water  into  the  interior  of  the  globe 
which  he  is  blowing,  and  placing  his  thumb  over  the 
mouth  of  the  blowing  tube  the  water  flashes  into 
steam,  the  elastic  force  of  which  acting  equally  in  all 
directions  distends  the  glass  to  the  required  size  of 
the  carboy. 

Wine  bottles  require  care  in  the  mode  of  manufac- 
ture, according  to  the  class  of  wine  which  they  are  to 
contain.  If  the  Imie  or  other  alkali  of  the  bottles  be 
in  excess  or  not  chemically  combined,  and  the  wine 
be  of  an  acid  character,  the  bottle  wiU  be  slowly 
disintegrated.  If  dilute  sulphuric  acid  be  kept  for  a 
length  of  time  iu  l,!i:'i-';  i,:  :!>■  Mine  bottles,  it  will 
often  happen  that     :  .   •  '.       aic  of  them  wfll 

become  covercil  \\ ;  •,  iiig  out  into  the 

bottle,  in  conscquLaa; :  ijI  liaj  ;iL,vi  LLaubiiiing  with  the 
lime  in  different  points,  ^^herc  it  is  not  chemically 
combined  with  the  other  materials.  In  this  way  the 
bottles  may  in  course  of  time  be  drilled  through  and 
the  contents  emptied.  We  liave  examined  bottles  in 
idl  these  conditions.  Bottles  containing  a  ferment- 
ing wine  should  be  very  strong.  The  wine-growers 
of  Champagne  lose  15,  ;2(.i,  and  even  30  per  cent,  of 
bottles  of  wine  fi"  a  !  uiia  ,  li;,  internal  pressure. 
In  the  Great  E\a     a   ,    \  '  a.ic  exhibited  by 

MM.  de  Viohuna,  .     \  aS.issons:   these 

bottles  are  mucli  u;.a  ai  i_:.a  ^  a^a.-,  and  it  is  said 
that  they  are  all  c:dculatcd  to  resist  an  internal 
pressure  of  25  to  35  atmospheres,  {I.e.  from  25  to  35 
times  15  pomids  on  evei-y  square  inch  of  internal 
surface,)  as  proved  by  a  machine  constructed  for  the 
purpose. 

Section  XI.— Statistics. 

Glass  being  now  free  from  tlie  trammels  of  the 

Excise,  we  are  happily  sp:iv  «l  il  >  ai ni' .  ai  !a  task  of 

pointing  out  the  national  ai  a    a  a  a, I    i  -s   and 

injury  arising  from  the  iuij"  m  a.  W  a  I,  ,.  Ij.lore 
long  to  see  every  other  descnpiam  ut  linli.-ii  uidustry 
set   free   Ci-om   all   Government    interference.      Our 
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future  pixgi-ess  requires  it,  and  we  believe  that  it 
would  be  greatly  to  the  advantage  of  all  classes  to 
pay  taxes  on  property  rather  than  have  them  levied 
on  industry. 

Great  Britain  possesses  all,  or  nearly  all  the 
materials  required  for  glass-making,  and  has  abund- 
ance of  cheap  fuel.  Hence  she  possesses  peculiar 
advantages  for  the  manufacture.  It  -would  therefore 
be  sujiposed,  that  with  a  drawback  on  her  exports  she 
would  long  since  have  supplied  a  large  portion  of  the 
world  with  glass.  That  such  is  not  the  ease  arises 
from  tlie  fact,  that  the  excise  laws  did  not  allow  us 
to  enter  into  fair  competition  with  other  nations,  or 
so  to  improve  the  manufacture  at  home,  as  to  keep 
pace  with  an  increasing  popidation.  Thus,  according 
to  Mr.  Porter,'  in  ISO],  with  a  population  of  Ifi 
millions,  the  quantify  of  glass  used  was  325,529 cwts., 
and  in  183:'.,  with  a  population  of  25  millions,  the 
quantity  was  no  more  tlian  363,4GS  cwts.;  an  iuercasc 
of  less  than  one-eighth,  while  the  popidation  had 
increased  in  tlie  proportion  of  one-half.  Between 
IS27  and  lSi5,  in  which  latter  year  the  excise  duty 
was  repealed,  some  improvement  took  place  in  the 
modes  of  manufacture,  so  that  articles  in  common  use 
were  witliin  that  period  reduced  in  ]irice  as  nruch  as 
25  per  cent. 

In  the  years  1S59,  1860,  and  1801,  the  declared 
values  of  the  exports  in  glass  of  British  manufacture 
were  as  follows : — 

1859.  18G0.  ISGl. 
Flint-glass  ....  £178,220  £J22,380  £219,374 
Window  gLiss.  .  .  .  39,795  44,0G3  47,410 
Bottles,  green  or  common  327,359  324,189  274,SG0 
Plate-glusa       ....       61,181       62,506       47,633 

Total    .     .     .  £606,555  £653,198  £589,307 

In  184i,  the  year  before  the  duty  was  repealed, 
and  with  all  the  advantage  of  a  drawback,  our  exports 
in  d;-  V  r;-.-  -  '■  I'll'  j'rrhircd  value  of  £2G,G91  only. 

Cil.M  i'l  ':  'M',  named  after  its  celebrated 
disc.:  J  li  an  alchemist,  enriched  true 

clieiiiL^iiy  ■>.  :';i  :i  hiiiihcr  of  valuable  discoveries. 
Thus,  he  discovcrpd  iriuriatic  acid  by  the  action  of 
sulphuric  acid  on  common  salt,  and  from  the  residue 
iif  that  operalion  he  obtained  Glauber-salt,  or  sul- 
i.<ii-(iljUe,  the  sulphate  of  soda  of  modern  chemistry. 
Sec  Soda. 

GLAZING  is  the  art  of  fixing  glass  in  the  frames 
■of  windows.  The  glass  is  made  secure  by  means  of 
jiutty,  which  consists  of  whitening  and  Imseed  oil. 
T'lic  glass  is  cut  by  means  of  the  diamond,  as  fully 
described  niulcr  Ca'ui;on,  page  310.    Ordinary  crowii- 

tlie  other.  In  glazing  windows  the  effect  is  :iii!i  h 
more  pleasing  to  the  eye  when  the  convex  smi    ,  , 

British  plate  or  flatted  glass  is  now  trdiing  tliu  •-'..kaj 
of  crown-glass,  the  larger  sheets  of  which  are  likely 
to  be  much  in  request  since  our  windows  as  well  as 
our  glass  have  been  happily  freed  from  taxation,  i^or 
Glazixo,  see  also  Putteky  and  Porcelain. 


GLOVES.  The  manufacture  of  gloves  is  not  by 
any  means  of  receut  date ;  but  tlic  ancient  use  of  this 
article  of  dress  was  rare  and  occasional,  whereas  the 
modern  use  is  common  and  almost  universal.  Tlw 
ancient  Persians  wore  gloves,  and  this  was  cited  by 
Xri,  .; ':  ,:  ,i;.iof  of  tlieir  effeminacy.     The  father 

>A    I  ling  to  Homer,  wore  gloves  while 

V,  I  ,,Liilcn,  to   protect  his  hands  from 

the  Christian  era  it  was  notrd  ■  -  i  i  !l;:i(, 
persons  in  perfect  health  slinuM  i  '  i,'  (  sils 
and  their  feet  with  soft  andhaiiy  i..al..;i_;.  .\i.\ir- 
theless,  the  use  of  gloves  progressed  iu  the  wuilil,  as 
we  find  from  various  rcgidati 
They  also  came  to  bear  jiart  i 
Possession  of  lands  lu  lii^.i:! 
delivering  a  glove;  drj,,  ,  ;  : 
away  gloves ;  chalhn^. 


workuii   and   embroiderell.     LMu    I  nis 

have  sought  to  connect   the   hi-:  \.  :-\\ 

religion,  by  affirming  that  St.  Aimr,  iIh   ii„  r  ui  tlic 

Virgin  j\lary,  was  a  knitter  of  gloves,  and  that  on 
account  of  this  her  occupation,  workpeople  of  tin's 
class  have  placed  themselves  under  her  protection,  so 
that  she  is  invoked  to  this  day  iu  the  principal  seats 
of  this  manufacture  in  France,  and  especially  at 
Grenoble,  where  the  feast  of  St.  Amie  is  observed 
with  great  solemnity.  This  account  of  St.  Anne's 
employments  is  prefaced  in  our  French  authority  by 
the  words,  "  Scripture  informs  us  that  St.  Anne,"  i-c. ; 
but  it  would  be  a  Tain  attempt  to  seek  for  such  infor- 
mal ion  in  Holy  Writ. 

T;>    ,::  i:,r:,Ml       '.  ,!  '     li  r.l  in  the  glovc-nianufac- 
ti;  ■       ,       ,    .  ,  !iil  worsted.     Leather, 

w'     i         ,        :  pi.M',  nndcrgoes  a  much 

liL;!i!rr  >iiv-  :i:_  ill  ,11  vJhii  [.icpared  for  boots  and 
shors.  The  great  scat  of  the  glove-trade  in  Euglaud 
is  the  city  of  Worcester  and  its  neighbourhood.  Pre- 
pared leathers  are  frequently  sent  to  that  city  from 
Bermoudsey,  and  the  processes  of  cutting  them  up 
into  the  proper  shape  and  size,  and  distributing  them 
to  the  work-women  for  sewiug,  form  the  employment 
of  numerous  firms.  Prance  has  long  been  eelrbratcil 
for  its  glove-manufactures ;  but  previous  to  the  year 
1S25  the  importation  of  leather  gloves  into  England 
was  forbidden  under  heavy  penalties.  ^Vhilo  this 
in-uhil)ilion  lasted,  Endisli  doves  were  very  inferior 

•  ,   ,  .11  (if  foreign  gloves  at 

1    '  .  ,  1      .    ■>  .iriit  in  our  manufacture 

.       i  i,:;vl,'wlulc  the  sale  of  EngUsh  goods 

V.  1.     There  are  certain  particulars, 

1.  '         ,  in  I  ilie  French  continue  to  excel  us 

gii  III!    Ill  111.   1  Miiiifaeture  of  gloves.     Some  of  these 

will  be  notieoil  in  the  following  sketch  of  the  processes. 

Thefu-st  operation  in  glove-making  is  to  stretch  out 


on  a  piece  of  marble,  and  render  uniform  with  a  blunt 
knife,  (sIioniti  in  Fig.  1095,  No.  1,)  the  surface  of  the 
skin  of  which  the  gloves  are  to  be  made ;  after  which  it 
is  to  be  reduced  into  pieces  of  convenient  length  and 
width,  without  cutting  the  material  to  waste.  Before 
cuttmg,  however,  the  skin  is  made  damp,  either  by 
rubbing  it  with  a  wet  cloth,  or  by  putting  it  in  a  damp 
place.  It  is  then  sounded,  and  examined  with  a  view 
to  the  discovery  of  faults  or  blemishes,  so  that  they 
may  be  avoided  in  cutting  out,  or  at  least  that  they 
may  be  so  placed  as  to  be  unimportant.  The  skin  is 
then  placed  so  that  the  width  of  the  glove  may  be 
taken  across  its  narrow  part.  There  are  regular  scales 
of  sizes  for  men's  and  women's  gloves,  and  for  the  width 
of  the  thumb-pieces,  which  are  cut  out  at  the  same 
time,  and  are  proportioned  to  the  particular  size 
required.  In  order  to  cut  the  skin  to  the  best  advan- 
tage, it  is  stretched  from  time  to  time  by  puUing  it  at 
the  edges,  between  the  thumb  and  the  knife.  Wkcn 
it  has  been  thus  elongated  and  spread  out  to  the 
utmost,  the  actual  cutting  process  commences :  and 
here  it  is,  we  are  told,  that  the  French  glove-makers 
have  a  great  advantage  over  the  English.  The  former 
are  exceedingly  skilful  in  turning  the  skins  to  good 
account.  In  cutting  up  a  dozen  skins  of  equal  size, 
a  Frenchman  will  generally  manage  to  get  one  or  two 
pahs  of  gloves  over  and  above  the  number  which  an 
Englishman  can  cut  out  from  the  same  skios;  and 
these,  not  inferior,  or  scanty,  but  well  and  handsomely 
shaped  as  the  rest.  This  clever  and  adroit  manipu- 
lation of  the  leather  is  an  object  of  great  importance 
in  France,  where  not  less  than  375,000  dozens  of 
skins  of  all  kinds  are  cut  up  into  gloves  every  year. 
The  shape  of  the  gloves  to  be  cut  out  is  not  the  only 
thing  to  be  attended  to ;  great  care  must  be  taken 
that  the  same  shade  of  colour  prevails  tlu-oughout  each 
pair,  for  it  fiequently  happens  that  there  are  cloudy 
spots  and  gradations  of  colour  in  the  skin,  which 
would  bo  destructive  of  beauty  and  good  effect.    The 


6rst  operation  is  to  cut  the  skin  longitudinally  into 
two  parts,  as  in  No.  2.  A  piece  being  divided  of  the 
proper  width  and  length  for  the  hand,  as  in  No.  3, 
is  spread  out  and  adjusted,  and  then  carefully  folded 
in  two  longitudinally,  in  such  a  way  that  a  little 
more  width  shall  be  allowed  for  the  back  than  for 
the  front  of  the  glove.     See  No.  i.    Tliis  is  neces- 


sary, in  order  that  the  thumb  may  have  room  to  move 
freely,  and  that  there  may  be  proper  freedom  to  the 
back  of  the  hand  when  the  hand  is  closed.  The  want 
of  sufficient  allowance  in  this  respect  is  soon  proved 
by  the  spUtting  of  the  backs,  which  is  such  a  frequent 
and  annoying  occurrence  with  cheap  gloves.  The 
next  thing  is  to  make,  at  fixed  distances  apart,  the 
three  longitudinal  cuts  which  are  to  form  the  four 
fingers.  The  workman  makes  his  own  middle  finger 
a  measure  for  the  length  of  the  principal  cleft  in 
a  man's  glove,  allowing  a  little  over  for  the  taking  up 
of  the  leather  in  working.  See  No.  5.  The  width 
apart  of  the  clefts  is  regulated  by  the  fact  that  the 
first  and  fourth  fingers  will  have  gussets  or  strips  of 
leather  inserted  only  on  their  inner  sides,  while  the 
middle  and  third  fingers  wiU  have  gussets  on  both 
sides.  These  gussets  are  cai-efully  cut  out,  as  are  the 
thiunb-pieces,  from  the  pieces  of  the  skin  remaining 
over  and  above  from  the  cutting  of  the  gloves. 

Unless  economy  is  used  with  all  these  pieces,  it  wUl 
often  happen  that  a  new  skin  of  leather  will  have  to 
be  cut  into  for  the  inferior  parts,  and  thus  waste  will 
ensue.  The  forms  of  the  thumb-piece  and  gussets  are 
shown  at  a  and  c  in  Fig.  1096.  To  facilitate  the  move- 
ment of  the  fingers,  there  are  also  small  angular  pieces, 
d,  inserted  at  the  base  of  the  finger,  towards  the  palm 
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of  the  hand.  No  small  skill  is  required  in  cuttmg 
out  the  hole  in  each  glove  which  is  to  be  filled 
by  the  thumb-piece.  There  is  a  prescribed,  and 
sUghtly  oblique  position  in  which  this  hole  is  to 
be  made,  (see  No.  6,  Fig.  1095,)  but  as  it  is 
necessary  it  should  correspond  ui  form  with  the 
peculiar  shape  of  the  thumb-piece,  it  is  perhaps  the 
most  delicate  part  of  the  whole  operation  to  give  the 
exact  turn  of  the  scissors  which  shall  produce  the 
desired  result.  A  defect  here  is  often  visible  in  badly 
made  gloves:  either  the  hole  is  too  small  for  the 
thumb-piece,  and  the  latter  is  slightly  puckered  in 
putting  it  in,  or  it  is  too  large,  and  the  contrary  plan 
has  to  be  resorted  to,  or  it  is  altogether  badly  shaped, 
causing  au  uncomfortable  strain,  and  a  speedy  frac- 
ttire.  The  form  of  the  aperture  varies  in  difi'erent 
workshops,  but  the  general  shape  is  somewhat  as 
represented  at  b.  Fig.  1096.  The  increasing  employ- 
ment of  machinery  in  the  cutting  out  of  gloves  pro- 
motes uniformity.  At  the  Exhibition  of  I S51,  a  French 
manufacturer  (Jouvin,  Bouterard  Pomoniere,  Paris) 
exhibited  a  number  of  punches  for  cutting  out  gloves. 
The  glove,  which  now  begins  to  assume  its  proper 
form,  is  next  to  have  the  fingers  rounded  to  the 
proper  length,  and  the  back  embroidered,  when  it  if 
ready  to  be  sewed.  The  sewing  of  gloves  requires 
more  care  than  that  of  any  other  material,  especially 
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at  tlic  I'xtrt'initics  nf  llic  fingers,  whore  the  joins  must 
lin  ]ni\<  r]'\  ,M  rin..ir,  and  where  the  closeness  of  the 
M  V  '!!  -ic;it  care,  tear  away  the  delicate 

Iri:  There  is  a  particular  order  to 

lir  .ill  r,,,,l  i;i  itr  T  wihg  of  glovcs.  Thc  first  cire  IS 
to  gel  the  thuiiib-picco  nicely  put  in,  aud  to  correct, 
as  well  as  maybe,  any  Utile  irregularity  which  may 
occur  in  the  fitting  of  that  piece  to  its  place.  The 
outer  part  is  first  sewed,  arriving  afterwards  at  the 
touguc-picce  which  adapts  it  to  the  movements  of  the 
hand.  When  this  is  completed,  the  glove  is  folded 
together,  aud   the  long  seam  is  commenced,  which 


the  sake  of  giving  greater  freedom  to  the  action  of 
the  fingers.  All  that  remains  to  be  done  is  to  make 
a  strong  hem  round  the  wrist,  and  to  add  a  button 
and  button-hole,  if  it  bo  a  glove  of  the  description 
lecpiiring  it.  The  sewing  of  gloves  may  also  be 
effected  by  niaeliincry. 

A  machine.  Fig.  1097,  was  largely  employed  iu 
tlie  sewing  of  gloves  in  Paris  previous  to  the  in- 
vention of  the  Sewing  Machine.  [See  Aitendix.] 
It  consisted  of  an  iron  vice  a  a  made  fast  to  the 
edge  of  a  bench  or  table  b,  by  a  thumb-screw  c, 
armed  with  a  cramp  which  lays  hold  of  the  wood. 
The  two  jaws  of  the  vice  have  their  upper  portions 
made  of  brass,  and  li]iped  with  a  kind  of  comb  of  the 
same  metal.  'I'hi  ii  i  tl,  ,■(  iln  r.imb,  only  one-twelfth 
of  an  incli  1.  ,  ,     i  i  r^iilar  and  equal.     Of 

the  two  jaw.  .   '  i,"    '        ',     incliine,  one,  D,  is  made 

the  solid  base  of  tlio  macliiiie,  by  means  of  a  hinge  at 
tlie  point  r.  At  i  i  are 
indicated  the  points  of 
junction  between  the 
brass  and  the  iron.  At 
the  bottom  of  the  figure 
is  a  front  view  of  the 
cond)  as  it  appears  when 
mounted  on  the  vice,  to 
which  it  is  secured  by 
screws.  The  lever  k  cor- 
responds by  a  stout 
wire,  L,  with  a  pedal 
pressed  by  the  needle- 
woman's foot,  whenever 
she  wishes  to  separate 
the  two  jaws,  in  order 
to  insert  between  them 
the  parallel  edges  of  the 
leather  to  be  sewed. 
These  being  firmly  fixed, 
tlie  woman  passes  her  needle  successively  through  all 
the  teeth  of  the  comb,  and  is  sure  of  making  a  re- 
gular seam  in  every  dii-ectiou,  provided  she  is  careful 


the  ped;il  -■  "  ,,'';,.',  .md 
she  adju^i^  ..:  .,    1  !.•■  ■         '.  ,i^,  '"■ uli-d 

of  the  work.  This  machine  is  the  invention  of  an 
Englishman,  and  has  obtained  great  praise  among  the 
bo.'t  glove-makers  of  France. 

In  a  machine  for  sewing  and  pointing  leather  gloves, 
patented  by  Mr.  J.  Winter,  an  arrangement  is  made 
for  readily  removing  the  jaws  of  the  vice,  and  adjusting 
Others  in  their  place.  This  effects  a  saving  of  time,  for 
while  one  person  is  sewing,  another  can  be  preparing  and 
placing  the  next  seam.  There  are  also  modifications  of 
the  comb,  adapted  to  different  methods  of  sewing  and 
st  itching  the  seams.  These  contrivances,  however, 
yield  to  the  sewing  machine. 

GLUCINUM  (Gl.  -i-?),  a  rare  metal  obtained  from 
the  emerald,  or  the  beryl,  which  consists  chiefly  of 
alumina  and  glucina.  The  metal  is  procured  from  the 
chloride  in  the  same  way  as  aluminum.  [See  Aiten- 
dix.] It  is  a  wiiite  malleable  metal,  fusing  below  the 
melting  point  of  silver.  The  oxide  r/ltici/m  (Gl.O),  is 
an  earth  resembling  alumina.  Its  salts  have  a  sired 
taste,  whence  its  name,  from  yXvKvc 

GLUE,  see  Gelatine. 

GLUTEN,  see  Bread,  page  175. 

GLYCERINE,  see  Candle,  page  2SS. 

GLYPTOGRAPHY,  see  Electho-Metallukgy. 

GNEISS,  a  rock  abounding  iu  metallic  tre-.j.ire-:, 
and  the  oldest  of  the  si  i  tifip  1  r  ,-!:-  It  i.  r,  „,ip.,.rd 
of  the  same  substaiir.  ■  -  ■  '■    ■  i     .|'    i'  ■    mifa, 

and  felspar;  butthr\  .  Ijut 

GOLlV     Tl.^    I.  ,    ■  ■  .      !i,i,  hceii   hmg 

ranked  as  i  i  ■    :  i   '  ■    '        n     ■  :ilso  the  niobt 

imporisliali!'  ■  ;  .  ,  '  ■  .  i :  .  I  ,.  ■  lU.  It  is  more 
generally  ui.li.liuii  i  ili.ui  ,iii,\  uiiiu  metal  (iron  only 
excepted)  ;  but,  for  the  most  part,  it  occurs  iu  such 
minute  quantities  as  cither  to  escape  notice,  or  not  to 
be  worth  the  pains  of  extraction.  Until  recent  times, 
the  searcli  aT'-  ;  fli-    ;  .  '  il  •;.<    •  ::  ■  "f  the  most  pre- 

disooverv  1 1  i^  I  i  lir  individual, 

cillier  llin-ir  !i  ::..  ,m  r.  -ii\  (ii;il,i;,  m  ihc  commence- 
ment of  mining  operations,  <ir  in  the  improvident 
habits  which  the  prospect  of  sudden  wealth  was  apt 
to  induce.  We  learn  from  the  only  infallible  source, 
that  gold  existed  in  that  part  of  the  earth's  surface 
which  was  first  prepared  as  the  dwelling  of  man.  So, 
likewise,  in  all  his  subsequent  wanderings,  gold  became 
man's  coveted  possession,  and  tokens  of  its  presence 
were  from  time  to  time  discovered  in  nearly  all  lands. 
Yet  so  comparatively  small  were  the  gatherings  of  the 
precious  metal,  that  in  reckoning  the  average  produce 
of  all  parts  of  the  New  aud  Old  world  for  a  series  ol 
years  previous  to  1847,  it  did  not  amount  to  the 
annual  value  of  five  millions  sterling.  In  that  year, 
however,  the  first  of  a  scries  of  discoveries  was  made, 
which  led  to  a  vast  increase  in  the  supply  of  gold,  aud 
to  a  complete  reversal  of  old  ideas  respecting  the 
prospects   of  the  gold-huater.      These   discoveries, 
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forming  as  they  do  a  grand  topic  of  interest  in  modern 
times,  will  Qrst  claim  our  attention. 

In  the  map  of  North  America,  the  long  narrow 
peninsula  of  California,  washed  by  the  Pacific,  and 
fenced  in  -with  rocky   barriers,  excited  very   little 


interest  until  the 

year  1S47,  when  it  r 

jse  into  sudden 

importance  as  the 

El  Dorado  of  model 

1  times.  In  the 

qrcatcr  portion  of  the  mountainous  ridge  which  pro- 

tects tlio  wcslorn 

coast  of  California 

■  rr     ■_    :i-,    M-,    f!:.t     til 

there  are  few 
■valleys  in  the 

interior:,! 

;  the  more  so, 
1-  in  the  same 

direction  :i-.  l!  , 

,:>  K  .!i;';i.'Ivil:,iIi  m 

d  south,)  com- 

bines to  shut  up 

the  particular  distr 

et  to  which  wo 

refer.     The  nios 

important  openinc 

in  the  eoast- 
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crumbling  granite.  "  It  was  found  in  digging  a  well 
at  San  Francisco ;  and  then,  a  hundred  miles  off,  it 
was  di'oppiug  from  cliffs  into  the  sea,  and  slowly 
scttUng  tlirongh  the  sands  of  the  shore.  The  searchers 
have  to  dig  pits,  to  climb  mountains,  to  turn  rivers, 
to  sink  shafts,  to  run  galleries,  to  uncover  plains,  to 
break,  to  crush,  to  roll,  to  shake,  to  wash,  to  amal- 
gamate." One  discovery  quickly  supplants  another, 
and  one  set  of  implements  quickly  yields  to  another. 
At  one  time  a  rocking-machiue  for  separating  the 
gold  was  in  great  demand ;  but  before  our  manufac- 
turers could  send  out  a  supply,  it  was  superseded 
by  a  cradle  of  ingenious  construction.  Then  came 
crushing-mills  of  various  kinds,  for  poimdiiig  the 
auriferous  quartz  of  Mariposa.  An  immense  amount 
of  machinery  has  been  sent  out  for  this  purpose,  and 
will  doubtless  be  tm-ned  to  miod  account ;  but  the 


most  recent  accounts  fro 
coveries  wliicli  offer  gold  \' 
machines   other  than   tlio 


r.lk   of    dis- 


i   for 
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on  Uie  otlier. 

It  was  ill  Sr|ifembcr,  1817,  that  the  first  symptom 
of  gold  in  this  region  was  discovered,  on  the  property 
of  nn  intelligent  Swiss  emigrant.  Captain  Suter,  who 
iiau  become  a  wealthy  settler  on  the  banks  of  the 
Saeiameuto  Eiver,  was  possessed  of  large  flocks  and 
herds,  owned  trading  vessels,  and  had  built  an  im- 
portant fort,  called  New  Helvetia,  for  the  defence  of 
his  property.  The  state  of  the  country,  and  the 
absence  of  lawful  authority,  may  be  judged  of  by  the 
fact,  that  he  found  it  necessary  to  sup|ily  his  fort  with 
twelve  pieces  of  artiUery,  and  a  garrison  of  seventy 

It  was  in  the  course  of  the  erection  of  saw-mills  on 
this  estate  that  Sir.  Marshall,  Ihc  contractor  for  the 
budding  of  the  same,  observed  glittering  particles  in 
the  mud  of  the  stream,  and  communicating  the  infor- 
mation to  his  intelligent  employer,  the  value  of  these 
particles  was  quickly  ascertained.  The  workpeople 
soon  became  aware  of  the  discovery,  and  the  town  of 
San  Francisco  speedily  yielded  nearly  its  whole  popu- 
lation in  the  exciting  search  for  gold.  The  supjlx 
was  beyond  all  expcct,ation  great,  and  the  conseqn.  : 
rush  of  emigrants  of  all  nations  to  share  in  the  rid; 
is  well  known.  Yarious  were  the  evils  arising  I'm,  i 
this  influx  of  strangers  in  a  half-civilized  country,  and 
still  more  various  were  the  proi.hccies  of  ill  to  the 
world  at  large.  In  England  it  was  commonly  thought 
that  this  sudden  gold-hnrvcst  would  demoralise  indus- 
try, and  tlirow  the  great  machine  of  commerce  out  of 
order,  and  that,  after  all,  the  supply  would  be  very 
soon  exhausted.  Tliis  last  idea,  however,  has  proved 
unfounded.  Every  new  account  from  this  wonderful 
coast  seems  to  extend  the  range  of  the  gold-seekers. 
Gold  is  found  in  the  excavations  of  the  miUracc,  and 
in  the  mud  of  the  river ;  accumulated  in  gulleys,  and 
diffused  over  plains  ;  set  deep  in  quartz,  or  mixed  with 


.iclal  in  this 
.  >late,  easily  to  bo  crumbled 
'         _  Tiic  .slate  is  thickly  interspersed 

\\i\''\  r\i,r!::.  1;  Liir  p;rtirles  of  gold,  wliicb  arc  Sepa- 
rated by  means  of  quicksilver.  At  a  spot  appropriately 
named  Mount  Ophir,  fine  specimens  have  been  met 
with,  of  "soft  clay  and  slate  saturated  with  gold, 
small  panicles  and  largo  lumps."  These  treasures 
lie  from  10  to  30  feet  below  the  surface,  so  that 
a  great  deal  of  top  dirt  has  to  be  thrown  up  before 
the  slate  is  readied.  Seven  Mexicans,  who  made 
this  di'cnverr,  nnd  lej  t  flicir  secret  eight  davs,  made 
iuth:,<  '  •''  ; ':■■": MoUars.  One  lump  might 
yield  tl  i   .  ,,  ,.      -r  twelve  ilolhas.  and  so  on. 

Other  .',  Ml  .  -1;  1  ;,  shaft  twenty  feet  deep,  ob- 
tained the  soft  clayey  slate  in  buckets,  and  found 
from  eight  to  twelve  dollars'  worth  of  gold  in  each 
bucket.  This  new  discovery  comes  within  the  limits 
of  the  "diggings,"  and  falls  under  what  is  called 
"  placer  "  lawf ;  that  is,  every  man  who  comes  may 
claim  bis  thirty  feet  square,  and  set  to  work  as  he 
pleases,  without  asking  the  landowner's  leave.  If  be 
wanted  to  plant  niUls,  and  make  expensive  mining 
works,  be  would  have  to  obtain  a  graut  of  the  soil. 
A  great  number  of  persons  were  soon  congregated 
in  the  new  digu'i:igs,  ai;d  a  flood  of  gold  seemed  to 
i'irr:,hii  ll'i'  l'ii>  |.r,iii  iM.ukii.  From  the  great 
I  i.v  millions  of  gold 


thought  there  must  eventually  be  produced  corre- 
sponding alterations  in  monetary  matters. 

While  the  attention  of  the  whole  world  was  directed 
to  the  golden  land  of  California,  a  new  announcement 
was  made,  in  which  England  bad  a  special  interest ; 
namely,  that  gold  was  discovered  in  her  Australian 
possessions.  And  r,  :•  ..\ti  '(  !-.  ih;:!  f!:.-  \.:ir  1S51, 
ible  to  tlv     I     .  '       ■ 


ir  marked 


lued,  i 


was  also 
began  to  r( 


-   liathen 
The  first 


upwards  of  a  liuiidred  miles  west  of  Sydney,  New 
South  Wales.  They  arc  due  to  Mr.  Stutchbury,  a 
geologist  employed  by  Governmeut,  and  Mr.  Har- 
graves,  a  gentleman  who  had  long  boon  familiar  with 
tlic  geology  of  the  Blue  Mountains,  Tlie  latter  waslir.l 
out  gold  from  &ovcr:il  i>-',,i'  I't'  i  >i;:i,  ■■.nl  ^.:  n 
organized  a  body  of  pi  r         i     .  ;  ■     i:^. 

Similar  results  to  tlm-r    ■,  i         .:i,   :  i  i   J   v.. I; 

only  that  in  this  case  ti.r  !..u  nil.  rJ.J  ;■  j-mircnoii 
lo  the  gold-seavchei-s,  and  the  whole  al'.air  was  caiiy 
])ut  under  Government  inspection.  Gold  was  found 
with  surprising  facility,  lumps  of  the  pure  metal 
were  picked  up  ;  and  a  ])oor  man,  who  went  to  t!,. 
diggings  with  only  a  forked  stick  and  an  nil  1 
pan,  raked  up  five  pounds' worth  of  gold  ill  111';! 
Two  thousand  persons  had  speedily  establislu.l  ilhn, 
selves  at  the  0])hir  diggings,  (for  agaiu  we  liavo  the 
propitious  name,)  and  one  large  specimen  of  pure  gold 
liad  been  found,  weighing  forty-six  ounces.  Mean- 
while, a  Government  proclamation  taught  the  people 
their  relations  to  the  mother  country,  as  it  respected 
the  new  discoveries :  viz.  that  all  gold-mines  in  the 
British  dominions  belong  by  law  to  the  Crown  ;  that 
no  gold  was  to  be  removed  from  the  leased  lauds 
without  Governmeut  permission ;  and  that  licences 
were  about  to  be  granted  to  gold-seekers,  at  deliuite 
fees  or  royalties,  and  under  definite  arrangements. 
The  fees  amount  to  thirty  shillings  a-month. 

But  the  Australian  gold-field  was  not  confined  to  a 
few  rivers  in  the  neighbourhood  of  Sydney  and 
Bathurst.  Wonderful  news  reached  England  of  de- 
posits further  south,  surpassing  all  that  had  been  told 
of  Sydney,  and  even  California.  At  a  place  called 
Buninyong,  about  eighty  miles  from  Melbourne,  and 
fifty  from  Gcelong,  eight  feet  square,  instead  of  thirty 
feet  square,  of  digging  ground  was  supposed  to  be 
enough  to  make  a  person's  fortune.  One  man  had 
found  fifteen  hundred  pounds'  worth  of  gold  in  one 
week, — another  man  a  thousand.  A  party  of  three 
men  had  met  with  twenty  pounds'  weight  in  one  day, 
while  another  before  breakfast  raised  tliirteen  pounds' 
weight.  Thus  Melbourne  and  Port  Philip  became 
even  more  attractive  than  Sydney.  The  whole 
neighbouring  population  were  moving  towards  the 
goKl  district,  and  a  far  greater  desertion  of  gnirial 
employments  had  taken  place  than  had  linn  w'i 
ncssed  at  Sydney.  Uuudreds  of  all  classes  wrii  !:  i 
ing  to  Buninyong,  including  labourers,  im  > 
clerks,  shopkeepers,  merchants,  and  pinV  imi; 
men.  There  was  hardly  any  possibility  of  getting 
ships'  crews  ;  and  the  ship  which  first  conveyed  the 
intenigenoe  to  Bombay  was  only  enabled  to  sail  by 
obtaining  her  complement  of  men  from  among  the 
seamen  confined  on  short  sentences  in  Melbourne 
gaol.  Even  that  was  attended  with  difficulty,  for 
oidy  six.  could  be  found  who  did  not  prefer  stopping 
in  eonflnemeut,  on  the  chance  of  getting  afterwards 
to  the  mines.  A  government  escort  had  arrived  with 
17,000/.,  and  was  to  return  for  a  further  sum  of 
20,000/.  Tlie  metal  is  found  at  considerable  depths ; 
and,  in  order  to  obtain  it,  "a  hole  is  dug,  ten  or 
twenty  feet  deep,  through  black  alluvial  soil,  sandy 
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gravel,  and  clay  of  various  colours,  until  a  very  thick 
substratum  of  pipe-clay  is  reached.  luuncdiately 
above  this  is,  in  places,  a  stratum  of  chocolate- 
coloured  clay,  in  which  the  gold  is  not  only  percep- 
tible, but  conspicuous  ;  aud  one  man  sits  in  the  hole 
and  picks  out  the  rich  stuff  with  a  knife,  while  his 
companions  with  a  cradle  work  the  earth  which  has 
been  thrown  out. 

Thus  we  appear  to  have  an  abundant,  accessible, 
and  wide-spread  supply  of  our  own,  in  addition  to 
the  great  gold-fields  owned  by  America,  and  open  to 
all  emigrants.  And  it  is  impossible  to  say  how  many 
liiorn  idlj-regious  may  now  come  to  light,  inviting 
1 1  I iiilation  of  crowded  Europe  to  new  homes,  and 
'heres  of  action.  Many  a  swarm  will  be  sent 
I'll  fi  iiii  the  parent  hives,  and  many  a  new  community 
will  spring  up  in  the  gold- countries.  Let  us  hope 
that,  as  the  golden  liarvests  have  beeu  bestowed  on 
the  only  two  free  nations  of  the  earth — the  United 
States  and  the  British  Empire— their  children  will 
use  the  dangerous  gift  with  discretion,  remembering 
that  wisdom  "cannot  be  gotten  for  gold,  neither 
shall  silver  be  weighed  for  the  price  thereof." 

In  connexion  with  the  Australian  discoveries,  it  is 
a  remarkable  fact,  that  Sir  R.  Murchisou  foretold 
them  in  1845,  when  he  compared  the  eastern  chain  of 
Australian  mountaius  with  the  Ural,  lu  ISIIJ,  ho 
even  recommendedtheuuemiilii.vdl  ( 'ii  111  i  im  niinrrs 
to  emigrate  to  New  South  W  lo  i    -■>\d 

in  the  debris  aud  drift  of  the  ,\':  i    n  ,   ,,  las. 

In  1S47,  he  received  letters  1i.j.ii  ij-iLiiLiLiua  in 
Sydney  and  Adelaide,  sending  specimens  of  gold  which 
they  had  sought  and  obtained  in  consequence  of  his 
writings  ;  whereon  Sir  B..  Murchison  wrote  to  Earl 
Grey,  informing  him  that  his  anticipations  were  about 
to  bo  realized  in  a  manner  which  might  operate  a  great 
change  in  the  colony.  His  views  were  further  em- 
bodied in  the  Qaarh-rl:/  lieriar,  ls51.  The  licv. 
W.B.Clarkr,  nN  ..  iiM"ni,,iii,iirl:ir  ,-.;.._:, :il  M  nic- 

early  as    I  ■  l  :,■■■.    ■     ,:,■,.■    i    i  ,    i        i.'i.h  •,■  ■  mul 

by  the  presence  of  gold  in  tlic  quartzitcs  and  in  the 
detrital  accumulations  derived  from  the  axial  forma- 
tions, endencc  being  aflordcd  of  the  existence  of  gold 


Mountains). 

These  discoveries,  though  of  paramount  interest, 
must  not  make  us  forgetful  of  the  state  of  gold- 
mines previous  to  18i7.  Let  us  first  describe  those  of 
Europe.  There  are  not  many  countries  totally  with- 
out traditions  of  gold,  and  in  the  British  Isles,  these 
have  at  various  times  apiicared  to  promise  substantial 
results.  In  the  alhui;:  -'l  '  f  T, .1,1:  nils  in  Scotland 
extensive  washings  1.  ml  on  in  tlie 

time  of  Queen  Eli/a!  .  ,  1  .  1-  ms  metal  was 
also  found  to  occur  af  lilnaTinMi  m  I'mlhshire,  and 
at  Cumberhead  in  Lanarkshire.  Tlio  stream-works 
of  Cornwall   also    yielded    gold,   and    towards  the 
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close  of  the  last  ceutury  the  most  promismg  ac- 
counts were  givea  of  gold  in  Ireland.  In  fact, 
the  peasantry  in  the  neighbourhood  of  Ballinavalley 
River,  County  "Wicklow,  did  gather,  in  the  course 
of  two  months,  an  amount  of  gold  for  which  10,000/. 
were  paid ;  but  on  the  government  undertaking  the 
search,  it  proved  that  the  supply  was  very  soon 
exiausted,  considerably  less  than  four  thousand 
pounds'  worth  beiug  collected  in  the  course  of  two 
years.  This  did  not  pay  the  necessaiy  expenses,  and 
the  works  were  abandoned.  The  gold,  as  at  first 
collected  by  the  people,  occurred  in  massive  lumps,  and 
in  small  pieces,  down  to  the  minutest  grain.  Pieces 
of  7,  9,  IS,  and  23  ounces  were  found,  and  these 
occurred  dispersed  through  a  kind  of  stratum  of  clay, 
sand,  and  gravel,  covered  by  soil  which  sometimes 
was  of  considerable  depth,  from  20  to  50  feet  in  the 
banks  of  streams.  Recently,  some  energetic  pro- 
ceedings have  been  commenced,  and  workings  esta- 
blished on  a  large  scale  for  the  discovery  of  gold  in 
North  Wales.     [See  Appendix.] 

On  the  continent  of  Europe,  leaving  Russia  for  the 
momeut  out  of  the  question,  Hungary  and  Transyl- 
vania furnish  from  the  sands  of  then-  rivers  the  chief 
supply  of  gold.  The  annual  produce  of  Hungary  is 
stated  at  2,S10lbs.  weight,  and  valued  at  176,000/. 
The  mines  of  Spaui  were  anciently  rich  and  valuable, 
but  are  now  entirely  neglected.  This  is  the  case  also 
with  the  sands  of  the  Danube,  the  Rhone,  the  Tagus, 
and  many  other  European  rivers,  which  possess  gold 
in  small  quantities,  but  are  rarely  worth  the  expense 
of  working.  In  the  valley  of  the  Rhine,  indeed, 
between  Basle  and  Manuhcim,  gold  is  found  in  little 
flakes  accompanied  with  titaniferous  iron.  The  gold 
spangles  are  exceedingly  minute  and  thin,  so  that  it 
takes  from  1,100  to  1,400  of  them  to  make  a  grain 
troy.  They  appear  to  be  derived  from  the  crystalline 
schists  and  other  rocks  of  the  High  Alps. 

The  gold  mines  of  Russia,  which  are  the  most 
considerable  in  the  Old  AVorld,  must  come  under  the 
head  of  Asia,  as  they  are  situated  to  the  east  of  the 
giant  banier  formed  by  the  Ural  Mountains.  Dm-ing 
the  century  previous  to  IS-tl,  the  mines  of  Berezovsk 
in  the  neighboui-hood  of  Ekaterinburg,  yielded  about 
2i,5001bs.  weight  (avoidupois)  of  gold.  In  general 
the  matrix  consists  of  coarse  gravel,  but  there  are 
true  auriferous  veins  enclosed  in  a  band  of  rock,  ki 
which  are  many  veins  of  quartz  with  gold  dissemi- 
nated. From  these  veins  the  valuable  portions  are 
extracted  by  vertical  shafts  and  lateral  galleries,  and 
this  is  the  only  instance  in  the  Russian  territory 
where  gold  is  extracted  by  the  aid  of  subterranean 
workings.  Much  more  generally  the  gold  is  found 
in  fragments  of  rock  which  cover  the  earth  to  a  con- 
siderable thickness,  and  is  associated  with  other 
metals,  as  platmum  and  palladium.  The  quantity  of 
gold  obtamed  from  the  Russian  mines  has  been 
greatly  on  the  increase  of  late  years.  On  the  Asiatic 
side  of  the  southern  portion  of  the  Ural  mountains, 
sands  of  immense  richness  were  discovered  in  1842. 
Great  success  attended  the  search  for  gold  through- 
out an  extensive  marshy  plain  near  the  site  of  former 


gold-mines,  on  the  banks  of  the  river  Tachnou-Tar- 
ganna.  The  whole  valley  had  been  searched  except 
the  part  of  it  occupied  by  the  buildings  in  which  the 
washing  operations  were  carried  on.  In  the  year 
named  it  was  decided  to  remove  these  housei,  where- 
upon not  only  were  rich  sands  discovered,  but  under 
the  comer  of  a  building,  at  the  depth  of  three  yards, 
an  enormous  mass  of  gold  was  dug  up,  weighing 
upwards  of  36  kUlogrammes,  about  SO  lbs.  English. 
This  mass  was  placed  in  the  collections  of  the  Corps 
des  Mines  at  St.  Petersburgh.  A  m;\s3  had  been 
fouud  ki  the  same  neighbourhood  in  1S36,  weighing 
upwards  of  22  lbs.  English.  It  is  not,  however,  usual 
to  find  large  lumps  of  gold  in  the  Ural  districts,  the 
fragments  being  commonly  of  small  size,  and  only 
separated  by  washing,  the  yield  seldom  exceeding 
36  grains  of  gold  per  ton-weight  6f  soil,  and  never  in 
ordinary  eases  more  than  70.  The  sand  of  any  river 
is  considered  worth  washing  for  the  gold  it  contains, 
provided  it  wiU  yield  24  grs.  per  cwt.,  but  the  sand 
of  many  streams  yields  many  times  this  proportion. 
In  the  eastern  group  of  deposits,  near  the  Altai 
Mountains,  it  is  said  that  over  a  district  as  large  as 
France,  not  oidy  are  considerable  quantities  of  gold 
found  mixed  \nth  sand  and  gravel  on  the  surface,  but 
even  the  rocks  themselves,  when  pounded  up,  are 
found  to  yield  a  per-centage  of  that  precious  metal. 
The  gold  alluvia  of  Russia  were  known  in  the  days  of 
Pallas,  and  supposed  to  exist  only  near  Ekaterinburg ; 
in  the  reigns  of  Paul  and  Alexander  they  were  found 
to  extend,  in  a  certain  zone,  to  the  north  and  south 
of  that  locality,  and  eventually  half  a  million  sterling 
was  extracted  from  them  annually.  "  The  reign  ol 
the  Emperor  Nicholas,"  says  Sir  R.  Murchison,  "  has 
been  distmguished  by  the  important  discovery,  that 
portions  of  the  great  eastern  regions  of  Siberia  are 
highly  auriferous,  viz.  in  the  governments  of  Tomsk 
and  Yeniseik,  where  low  ridges,  similarly  constructed 
to  those  of  the  eastern  flank  of  the  Ural,  and,  like 
them,  trending  from  north  to  south,  appear  as  offsets 
from  the  great  east  and  west  chain  of  the  Altai, 
which  separates  Siberia  from  China ;  and  here  it  is 
curious  to  remark,  that  a  very  few  years  ago,  this 
distant  region  did  not  afford  a  third  part  of  the  gold 
which  the  Ural  produced,  but  by  recent  researches, 
an  augmentation  so  rapid  and  extraordinary  has  taken 
place,  that  in  1843  the  eastern  Siberian  tract  yielded 
considerably  upwards  of  two  millions  and  a  quarter 
sterling,  raising  the  total  gold  produce  of  the  Russian 
empire  to  near  three  millions  sterHng." 

Other  parts  of  Asia  yield  small  supplies  of  gold,  as 
the  rivers  of  India,  China,  Sumatra,  and  Asia  Minor ; 
and  now  that  the  sagacity  of  the  gold-seekers  is  fully 
on  the  alert,  it  is  confidently  to  be  expected  that  fur- 
ther discoveries  wiU  be  made  in  the  east. 

Africa  is  at  once  pointed  out  by  her  "  Gold  Coast " 
as  yielding  the  precious  metal,  yet  tlie  whole  supply 
from  that  continent  is  not  estimated  at  more  than 
5,000  lbs.  weight  annually.  This  includes  the  pro- 
duce of  the  district  between  Darfur  and  Abyssiuia, 
where  the  chief  supply  is  found,  the  Mozambique 
coast  opposite  Madagascar,  the  Gold  Coast,  specially 


60  calleil,  and  the  sands  of  tlic  rivers  Gambia,  Senegal, 
and  Niger. 

America,  long  before  the  discovery  of  the  CaUfor- 
niau  treasures,  had  become  celebrated  for  gold  m' 
both  in  the  north  and  south.  The  gold  region  of  the 
United  States  extends  along  the  eastern  slope  of 
the  Appalachian  chain  of  mountams,  from  the  river 
Rappahannock  in  Virginia  to  the  river  Coosa,  an 
affluent  of  the  Alabama,  in  the  state  of  that  name. 
Tliis  immense  stretch  of  country,  bordermg  on  the 
Blue  Ridge,  has  many  advantages  over  gold  i)roducing 
couuti-ics  in  general,  owing  to  the  mildness  of  the 
climate,  the  abundance  of  food,  and  the  security 
which  it  offers  to  life  and  property.  The  most  pro- 
ductive mines  are  in  Virginia,  North  and  South 
Carolina,  and  Georgia ;  but  the  gold  region  extends 
even  to  Can.i !  i,  wlniv  11,,  N(;irch  for  the  precious 
metal  is  li.  in  <  .  i  ■  i  ■  .iili  come  vigour  at  the 
present  timr      I  .    :  ■   ,     ',  Journal  we  gain  the 

following  |.aitirii:,,;  -  -1  ilh  iM  I  ins  of  North  America. 
"  In  Georgia,  the  richest  mineral  belt  is  in  the  taloose- 
slate,  and  granite  formations,  alternating  with  horn- 
blcndc-slate,  gneiss,  and  chlorite-slate :  parallel  mine- 
ral belts  are  found  also  near  Augusta,  but  they  cease 
with  the  termination  of  the  primitive  region.  The 
most  productive  researches  for  gold  have  been  made 
in  the  branch-streams  or  stream-mines,  in  the  beds  of 
rivers,  rivulets,  and  ravines.  In  such  oases  little 
capital  is  needed,  and  few  machines,  except  rockers, 
and  the  return  is  almost  inunediate  and  daily ;  from 
5  to  10  dwts.  per  day  for  a  single  hand  are  not  un- 
common, and  120  have  been  obtained.  In  the  loose 
deposits  the  gold  is  found  in  a  bed  of  gravel,  from  9 
inches  to  3  feet  in  thickness,  and  from  3  to  C  feet 
from  the  surface  of  the  ground;  it  rests  on  slate, 
generally  talcose,  and  is  evidently  the  result  of  the 
destruction  of  a  vein  or  veins  crossing  a  watered 
ravine,  or  taking  the  same  direction  with  it.  The 
Burke  rocker  of  North  Carolina  will  wash  a  lim,.!,  i  1 
weight  (700  to  1,000  bushels  of  gravel)  a-da.N ,  -I  mm 
maohinecosts,  when  complete,  but  25  dollars,  t 
mines  have  led  to  the  discovery  of  many  valuaM.  \,  n- 
mines,  for  the  miners,  working  until  the  gold  seemed 
to  fail,  would  come  back  and  work  into  the  banks  or 
sides  of  the  ravine,  guided  by  the  gold,  and  at  last 
di<ri,vrr  vnl'r'l-  fir-ds  of  gold  ore.  Many  instances 
111'  i'h,  !  I  ,1  li  nccurred  in  North  Carolina  and 
\  , I-  :  '  I  ■  >  ^  1  i  -. .Id-mines  of  the  United  States 
aic  :  iij.|-  .,1  In  i,  ,u'  yielded  0,000,000  dollars,  most 
of  which  is  worked  up  in  jewellery,  and  not  in  coin- 
age. The  explorations  for  gold  have  not  as  yet  been 
carried  to  a  great  depth,  the  greatest  not  excoedhig 
150  feet,  and  few  of  the  shafts  are  over  100  feet"; 
most  do  not  exceed  20  or  30.  These  excavations  ai-e 
too  shallow  to  afford  satisfactory  information  respect- 
ing the  gold,  and  the  digging  is  often  abandoned  on 
(lie  least  unfavourable  appearance,  such  as  the  narrow- 
ing of  a  vein,  its  dislocation,  or  its  becoming  shat- 
tered ;  for  there  is  much  appearance  of  disorganization 
in  the  veins  and  rocks.  Pyritical  ores  constitute  the 
mass  of  the  ores  in  Columbia,  Brazil,  and  the  United 
States :  above  the  depth  of  100  feet  they  have  been 
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partially  deeomposed ;  the  yellow  ores  have  been  con- 
verted into  brown,  red,  and  purple  hydrates  of  iron, 
and  a  portion  of  the  gold  they  contain  having  thus 
become  uncovered,  is  accessible  to  amalgamation, 
wdiile  a  large  portion  more  is,  or  can  be,  developed  by 
the  assay  by  fire.  Most  of  the  gold  is  extracted  by 
amalgamation,  after  stamping  under  water,  and  the 
residuum  still  contains  gold.  A  committee  from  the 
Geological  Society  of  Pennsylvania  closely  investi- 
gated the  Rappahaimook  gold-mines  in  Virginia, 
situated  on  the  river,  about  10  miles  from  Frcdcricks- 
burgh.  The  tract  is  about  230  yards  wide,  by  an 
average  length  of  900  yards.  The  metaUiferous  veins 
consist  of  hard  quartzose  rock  between  walls  of 
decomposed  talcose  slate.  A  portion  of  loose  red 
soil,  by  washing  two  haudsfid  of  it,  gave  a  consi- 
derable quantity  of  minute  graniJar  gold  ;  and  similar 
results  were  obtained  by  washings  in  otlu  r  places. 
A  principal  aru-ifcrous  quartz  vein  is  from  2  feet  G 
inches  to  3  feet  G  inches  wide;  it  stands  vertically 
between  walls  of  talcose  slate.  The  aui'iferous  quartz 
vein  has  been  exposed  to  view  for  G27  feet,  with  a 
width  of  30  inches,  and  it  would  appear  that  tlus  is  only 
the  beginning.  By  a  rough  process  of  washing,  amal- 
gamation, and  evaporation  of  the  mercury,  three  and  a 
half  grains  of  gold  were  produced  from  4  lbs.  of  the  ore 
taken  indiscriminately  from  all  parts  of  the  vein ;  and 
in  another  experiment  5  grains  of  gold  were  produced 
from  4  lbs.  of  pure  milk-white  quartz,  which  had  no 
appearance  or  indication  of  containing  anymetal  at  all." 
In  South  America  gold  is  found  on  both  sides  of 
the  great  chain  of  mountains  which  runs  parallel  with 
the  coast.  The  precious  metal  is  gathered  from  the 
beds  of  streams  which  take  then-  rise  in  those  ma- 
jestic heights.  It  is  also  found  in  a  stratum  of  gravel 
and  roimded  pebbles  at  a  great  depth  below  the  soil, 
and  immediately  incumbent  on  the  solid  rock.  In 
former  times,  Brazil  was  the  richest  of  American  gold 
r-;iiiirirs,   and  the  precious  inii.il   I      im  W.umI   in 

■::■   "i- less  abundance,  in  ncai  I  \      :  : ,i;     which 

,' upper  branches  of  till'  I  I      .,iiii-, 

Ai.iL'M  i\-,  and  Guapore,  but  by  far  iin  I'l^'-  i  nuautily 
is  yielded  by  the  afluents  of  the  Francesco.  Yet  it 
would  appear  that  their  golden  sands  begin  to  show 
signs  of  exhaustion.  The  work  is,  nevertheless, 
extensively  and  steadily  carried  on,  and  as  the  sands 
become  exhausted,  the  mountains  are  the  more  dUi- 
geutly  explored  for  the  rich  veins  which  often  exist 
in  their  recesses.  The  greatest  quantity  of  gold  was 
I'l'i  liinl  I'luin  I'razil  between  the  years  1753  and 
1/  '  I       ::iat  time  it  has  always  been  on  the 

li'  !■     <        III     IS   not   entirely  owing  to  the  im- 

1"'.  I  1 1  ! "i  ihe  auriferous  sands,  but  also  owing 

to  the  want  of  capital  to  work  the  veins  in  the  moun- 
tams on  a  regidar  system.  British  capital  has  at 
length  been  brought  to  bear  on  the  undertaking,  and 
the  productive  mines  at  Congo  Soco,  on  the  banks  of 
the  Rio  das  Velhas  (a  tributary  of  the  Francesco)  are 
the  result.  In  addition  to  the  Brazilian  mines  there 
are  gold  veins  and  washmg  for  gold  in  Peru,  and  in 
other  parts  of  South  America ;  but  all  yield  in  im- 
portance to  those  we  have  named. 


Gold  (Au  190/))  has  a  characteristic  yellow  colour. 
Its  specific  gravity  ia  its  least  dense  state  after 
fusion  is  19.3;  by  hammering  and  rolling  it  may  be 
brought  up  to  19.3,  or  19.4,  or  even,  according  to 
Berzelius,  to  19.65.  It  fuses  at  a  bright  red,  or  a 
white  heat,  the  temperature  of  vhich  has  been  esti- 
mated at  2016°  Fahr.,  and  when  in  fusion,  it  is  of  a 
brilliant  greenish  colour :  it  contracts  on  cooling, 
and  when  the  operation  is  slowly  conducted,  it  forms 
short  quadrangular  pyramidal  crystals.  It  is  volatile 
at  very  high  temperatures.  A  gold  wire  is  reduced 
to  vapour  by  the  discharge  of  a  powerful  electric 
battery;  and  if  the  wire  be  placed  just  above  the 
surface  of  a  sheet  of  paper,  the  course  of  the  dis- 
charge is  marked  by  a  broad  dark  purple  stain,  pro- 
duced by  the  finely  divided  gold.  If  the  paper  be 
covered  with  silver  leaf,  the  latter  is  gilt  by  the  dis- 
charge. A  globule  of  gold  gives  off  abundant  vapours 
when  placed  between  the  terminal  charcoal  points  of 
a  powerful  voltaic  battery.  Gold  is  the  most  mal- 
leable of  all  the  metals :  it  may  be  extended  into 
leaves  wliich  do  not  exceed  trTnjVmyth  of  au  iueh  in 
thickness,  or  a  single  grain  may  be  extended  over 
50  square  inches  of  surface,  or  be  drawn  out  into  a 
wire  500  feet  long.  The  extensibility  of  gold  is  well 
illustrated  by  the  process  of  gilding  buttons,  144  of 
which  are  well  gilt  with  5  grains  of  gold,  and  in 
many  cases  only  half  that  quantity  is  used.  [See 
BuTiOK.]  Reaumur,  by  rolling  out  a  fiue  silver-gilt 
wire,  reduced  the  coating  of  gold  to  the  twelve  mil- 
lionth of  an  inch  in  thickness,  and  the  surface 
appeared  to  be  perfect  when  viewed  under  the  micro- 
scope. Gold,  precipitated  chemically,  forms  a  brown 
powder,  which  under  the  burnisher  readily  assumes 
the  metallic  lustre  and  characteristic  colour  of  mal- 
leable gold.  This  precipitate  also  admits  of  being 
aggregated  or  welded  together  by  percussion ;  and  if 
heated  to  redness  before  being  hammered  a  second 
time,  the  metal  becomes  perfectly  aggregated,  without 
having  been  raised  to  its  point  of  fusion.  Gold  does 
not  combine  directly  with  oxygen  at  any  temperature. 
Sulphuric,  nitric,  and  muriatic  acids  do  not  act  upon 
pure  gold ;  neither  does  sulphur :  nor  is  sulphuretted 
liydrogen  decomposed  by  it.  Chlorine  and  bromine 
attack  it  easily  at  ordinary  temperatures;  iodine 
exerts  only  a  weak  action  upon  it.  Nitro-muriatic 
aeid  [See  Aqua  11egi.\]  dissolves  gold  with  ease.  It 
is  also  dissolved  by  muriatic  acid,  if  a  substance  be 
added  thereto  capable  of  liberating  its  chlorine,  such 
as  peroxide  of  manganese,  chromic  acid,  &o. 

There  are  two  oxides  of  gold :  a  protoxide  (AuO), 
and  a  teroxide  (AuOa),  also  known  as  auric  add. 
There  are  two  chlorides :  the  protochloride  (Au  CI), 
and  the  terehloride  (Au  Cb)  This  last  is  produced 
when  gold  is  dissolved  in  nitro-muriatic  acid.  When 
a  solution  of  protosulphate  of  iron  is  added  to  per- 
chloride  of  gold,  the  mixture  acquires  a  dingy  brown 
tinge,  aud  if  very  dilute,  a  green  or  blue,  as  seen  by 
strong  transmitted  light,  an  effect  due  to  the  presence 
of  numerous  small  particles  of  gold  iu  the  metallic 
state :  they  quickly  subside  iu  the  form  of  a  brown 
powder,  which,  after  having  been  washed  in  boiling 


water,  digested  in  hot,  dilute  muriatic  acid,  and  again 
washed  and  dried,  forms  pure  gold,  in  wliich  stale  it 
is  used  for  gilding  porcelain.  Perchloridc  of  gold 
dissolves  in  alcohol  and  ether ;  polished  steel  dipped 
into  the  solution  acquires  a  coat  of  gold ;  delicate 
cutting  instruments  are  gilt  in  this  way. 

When  a  very  dilute  mixture  of  protochloride  aud 
perchloridc  of  tin  is  dropped  into  a  dilute  neutral 
solution  of  perchloride  of  gold,  a  floeculent  purple 
deposit  takes  place,  known  as  the  purple  of  Cussiiis, 
from  the  name  of  the  discoverer,  Cassius  of  Leyden, 
16S3.  The  nature  of  this  compound  is  not  well 
understood,  but  it  is  supposed  to  consist  of  a  hydrated 
double  stanuate  of  gold  and  tin  (AuO,  SuOs  -f  SnO, 
Sn02  +  4Aq).  This  powder  may  be  separated,  not  by 
filtration,  but  by  adding  a  salt  to  the  liquid  and 
boiling  it.  It  is  soluble  in  ammonia,  the  soluliou 
being  of  a  deep  purple.  It  is  decomposed  by  the 
acids  and  also  by  heat.  Purple  of  Cassius  is  used  in 
enamel  and  porcelain  painting,  to  which,  mixed  with 
borax,  it  imparts  a  beautiful  rose  or  rich  puri)le  colour. 
It  also  gives  colom-  to  the  red  glass  of  Bohemia. 

The  addition  of  liquid  ammonia  to  chloride  of  gold 
gives  rise  to  a  yellowish  brown  precipitate,  aurate  of 
ammonia,  or  fulminating  gold.  It  explodes  at  a 
moderate  heat,  by  friction,  or  an  electric  shock.  This 
compound  has  no  application  in  the  arts,  nor,  indeed, 
have  the  other  compounds,  except  those  which  have 
been  named  iu  this  article,  and  in  the  process  of 
electro-gilding.     [See  Electko  Metallukgy.] 

The  addition  of  an  inferior  metal  to  gold  tends 
only  to  degrade  the  noble  metal ;  hence  the  alloys  of 
gold  are  of  very  little  importance  in  the  arts,  with  the 
exception  of  those  formed  with  silver  and  copper, 
which  tend  to  increase  the  hardness  and  durability  of 
gold.  Silver  confers  a  pale  greenish  colour  on  gold. 
English  standard  gold  contains  xVtli  of  alloy,  which 
is  now  always  copper.     [See  Coining,  Ap.] 

Different  shades  of  culoiir  are  given  by  the  jeweller 
to  ornaments  of  gold  by  exposing  them  to  different 
chemical  agents,  which  dissolve  out  a  portion  of  the 
copper  and  silver  alloy,  while  they  have  scarcely  any 
action  on  the  gold.  By  this  means,  the  surface  of  the 
ornament  is  made  to  appear  like  pure  gold ;  while 
below  the  surface  the  quantity  of  copper  or  of  silver 
may  be  considerable.  The  French  jewellers  possess 
a  number  of  recipes  for  giving  colour  to  gold,  the 
most  common  of  which  is  a  mixture  of  two  parts 
nitre,  one  part  sea-salt,  and  one  of  Roman  alum.  Of 
this  mixture  a  quantity  is  taken  about  three  times 
the  weight  of  the  jewels  which  are  to  be  coloured, 
and  a  concentrated  solution  is  made  with  boiling 
water.  The  jewels  are  kept  in  this  solution  at  the 
boiling  point  from  fifteen  to  twenty-five  minutes,  ac- 
cording to  the  shade  required :  they  are  then  taken 
out,  washed  in  water,  and  the  operation  is  finished. 
The  surface  of  the  gold  is  dull,  but  perfectly  uniform, 
but  can  be  made  lustrous  by  burnishing.  They  lose 
about  "iVth  of  their  weight  by  the  operation.  The 
methods  adopted  for  recovering  the  metals  from  the 
solution,  as  also  from  the  waste  waters  of  the 
jeweller,  are  considered  chemically  by  M.  Bcrthier, 


GOLD  BEATER'S  liKIN— GOLD  BEATIXG. 


in  tlic  Annuhs  de  ChUiii'.  d  de  Thj^ique  for  1S35. 
[See  Metallurgy  and  Ari'KSDix.] 

GOLD  BEATER'S  SKIN.  The  preparation  of 
animal  membranes  for  various  purposes  in  the  useful 
arts  is  deseribed  in  the  artiele  Cat-Gut,  but  we  may 
here  state,  that  after  the  membrane  has  been  well 
cleaned  in  alkaline  solutions,  it  is  stretched  out  on 
a  frame,  with  the  mucous  surface  uppermost,  and 
another  membrane  placed  upon  it  in  an  opposite 
direction :  tlie  two  clean  surfaces  unite  readily  and 
firmly.  This  compound  membrane  is  next  prepared 
with  solutions  of  alum,  ismglass,  white  of  egg,  &e., 
and  is  beaten  between  folds  of  paper  to  expel  the 
grease,  pressed  and  dried;  but  the  routine  of  the 
operations  cannot  be  stated  very  explicitly,  as  each 
manufacturer  professes  to  have  his  own  secret.  A 
mould  of  skins,  as  it  is  called,  is  costly,  but  it  will 
last  several  months  without  becoming  too  thin  or 
weak  for  use.  The  leaves  become  in  time  unfit  for 
work,  but  their  flexibility  is  restored  by  placing  them 
between  leaves  of  white  paper,  and  moistening  them 
with  vinegar  or  white  wine;  in  this  state  they  are 
loaded  wilh  weights,  and  left  three  or  four  hours. 
When  sufficiently  moist,  they  are  put  between  leaves 
of  parchment  twelve  inches  square,  and  beaten  for  a 
whole  day.  They  are  then  rubbed  over  with  fine 
calcined  gypsum,  and  are  again  fit  for  use.  These 
skins  are  apt  to  get  damp  if  neglected,  and  must  be 
dried  before  being  used. 

In  the  Exhibition  of  ]S31,  Mr.  Buekridge's  Case 
(Class  IV.  No.  108)  contained  a  variety  of  interesting 
illustrations  of  the  manufacture  of  gold-beater's  skin. 
1.  The  crecum  of  the  ox,  from  which  the  skin  is  pre- 
pared. 2.  Various  stages  of  the  skin  in  process  of 
manufacture.  3.  A  gold-beater's  mould  as  used  in 
England  and  America,  containing  850  leaves  ^\  inclies 
square  (each  leaf  being  double),  and  i^ths  of  an  inch 
thick.     To  iirnducc  this  rcf|iiirc-s  the  slaughter  of  500 

oxr)i       1     I  lie  I \'\      mI  ki   Fiance  and  Belgium, 

cui  i    i  iiiflies  square,  to  pro- 

Jiux  V,:  ,.  ...     :,:         ,     /crof  750oxen. 

GULL)  i;LAiL\b.  ii  .o  bUited  under  Gold  lliat 
gold  may  be  e.\tended  into  leaves  which  do  not 
exceed  innyVrot-'i  of  ^^  '"^ch  in  thickness.  The  proof 
of  this  remarkable  tenuity  is  easy.  Eor  example, 
an  ounce  of  gold  is  equal  in  bulk  to  a  cube  each  of 
whose  edges  measures  -f  jths  of  an  inch,  so  that,  placed 
upon  the  table,  it  would  cover  little  more  than  ^th  of 
a  square  inch  of  its  surface,  and  stand  f  ths  of  an 
inch  in  height.  The  gold-beater  hammers  out  this 
cube  of  gold  until  it  covers  ]  IC  square  feet.  Now  it 
can  easily  be  calculated  tuat  to  be  thus  extended 
from  a  surface  of  xVths  of  an  inch  square  to  one  of 
i4G  square  feet,  its  thickness  must  be  reduced  from 
T^ths  of  an  inch  to  the  2'J0,()36th  part  of  an  inch. 
Gold  is  often  beaten  to  the  3G7,G50th  of  an  mch,  or 
about  1,200  times  thinner  than  ordinary  printing  paper; 
this  is  not  the  limit  of  the  malleability,  but  there  are 
practical  difficulties  in  the  way  of  further  reduction. 

The  gold-beater  uses  pure  gold,  mixed  with  various 
proportious  of  silver  or  copper  for  the  purpose  of 
obtaining  different  colours,  of  which  there  are  about 


thirfroi,  namely,  fiitr  ffohl,  red,  pale  red,  extra  deep, 
'    ;  ',    ''         ,     '    ,'  I  ■'!'    f/ohl,  pale,  pale  pale, 

:  ,       ;  Tlio  decjicr  colours  are 

'   'I  i  lie  colours  with  silver  and 

r-  M  !■,  :;i!.!  ii:i'  |  '  '■  r  ',M''i  MJvcr  Only.  The  metals 
air  fused  together  in  a  crucible,  and  cast  into  flat 
oblong  ingots,  each  about  l^in.  long,  fin.  wide,  and 
y'^  tlis  of  an  inch  tliick.  Each  ingot  is  then  formed  into 
a  riband  by  passing  it  between  two  rollers  of  polished 
steel,  and  this  laminating  process  is  continued  until 
the  ingot  is  spread  out  to  a  surface  of  9C0  square 
inches  of  the  thickness  of  rather  more  than  -g-oTj*'''  of 

The  riband  of  gold  is  annealed  or  softened  in  the 
fire,  and  cut  up  into  pieces  of  the  size  of  a  square 
inch,  and  150  of  these  are  placed  by  means  of  wooden 
])liers  between  an  equal  number  of  leaves  of  a  tougli 
paper  of  peculiar  make,  each  sqnare  of  gold  occupying 
the  centre  of  each.  A  parchment  case,  open  at  both 
ends,  is  drawn  over  this  lool,  or  ^ulc/i,  as  the  packet  of 
leaves  is  called,  and  this  is  enclosed  in  a  second  similar 
case,  so  as  to  cover  the  edges  left  exposed  by  the  first 
case.  This  packet  is  then  beaten  with  a  sixteen-pound 
hammer  upon  a  smooth  block  of  marble,  strongly  sup- 
ported from  below,  and  surrounded  on  three  sides  by 
a  raised  ledge  of  oak;  the  front  edge  is  open,  and  has 
a  kind  of  leathern  apron  attached  to  it  for  catching 
fragments  of  gold  that  may  escape  in  the  subsequent 
operations.  The  elasticity  of  the  packet  causes  the 
hammer  to  rebound,  and  thus  lightens  the  labour  of 
the  operator,  and  enables  him  to  apply  his  blows  with 
regular  effect;  every  now  and  then,  in  the  interval 
between  two  blows,  he  turns  the  packet  over  to  dis- 
tribute the  force  equally,  and  he  occasionally  bends 
the  packet  to  and  fro  to  overcome  any  slight  adliesiim 
between  the  gold  and  the  leaves  ;  and  at  intervals  he 
opens  the  packet  to  see  that  the  work  is  satisfactory, 
and  also  to  re-arrange  the  relative  positions  of  the 
squares  of  gold,  by  placing  those  near  the  surface  in 
the  centre,  and  placing  these  near  the  surface.  The 
beating  is  continued  until  the  one-inch  squares  are 
spread  out  into  four-inch  squares.  The  packet  is 
then  opened,  and  each  piece  of  gold  is  taken  out, 
placed  on  a  cushion,  and  cut  into  four  pieces  with  a 
knife.  This  increases  the  150  pieces  to  GOO,  and 
these  are  put  between  the  leaves  of  another  tool, 
called  a  shoder,  made  of  gold-beater's  skin.  The 
packet  is  enclosed  in  parchment,  and  beaten  for  two 
liours  with  a  nine-pound  hammer  as  before.  The 
squares  of  gold  are  again  spread  out  to  nearly  the 
area  of  the  gold-beater's  skin.  The  packet  is  again 
opened,  the  leaves  of  gold  are  again  cut  into  fours, 
and  each  quarter  is  placed  between  two  leaves  of 
membrane  as  before.  The  gold  is  in  this  case  divided 
by  means  of  the  smooth  edge  of  a  strip  of  cane,  since 
it  has  a  tendency  to  adhere  to  a  steel  knife.  The 
squares  of  gold,  now  increased  to  2,400,  are  separated 
into  three  parcels  of  800  each ;  the  squares  of  each 
parcel  aie  again  separated  by  gold-beater's  skin, 
confined  in  the  parchment  cases,  and  beaten  as  before. 
This  forms  what  is  called  a  mould.  These  squares  of 
gold-leaf  expand  for  the  third  time  nearly  to  the  size 
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of  the  leaves  of  membranes,  and  have  at  length  at- 
tained the  required  degree  of  tenuity.  This  last 
beating  requires  skill.  Durmg  the  first  hour  the 
hammer  is  directed  chiefly  on  the  centre  of  the  mould ; 
this  causes  the  edges  of  the  leaves  to  crack,  but  they 
unite  again  when  beaten.  During  the  second  hour, 
when  the  gold  is  150,000th  of  an  inch  in  thickness, 
it  allows  the  light  to  pass  through.  If  the  gold  be 
pure  or  but  slightly  alloyed,  the  transmitted  light  is  of 
a  green  colour,  but  pale  violet  if  highly  alloyed  with 
silver.  The  mould  is  beaten  during  four  hours  with  a 
seven-pound  hammer,  after  which  the  thin  leaves  are 
taken  up  one  at  a  time  with  long  pincers  of  white  wood, 
and  being  placed  on  a  cushion,  are  blown  out  flat  by 
the  mouth,  which  requires  skill.  Broken  or  injured 
leaves  are  rejected ;  but  those  which  are  perfect  have 
the  ragged  edges  cut  off,  which  reduces  their  dimen- 
sions to  about  3^  inches  square.  In  this  operation 
a  tool  is  used  called  a  icaggon,  consisting  of  edges  of 
cane  mounted  in  a  frame,  the  sides  of  which  are 
'i\  inches  apart.  Twenty-five  of  these  leaves  are 
placed  between  the  folds  of  a  paper  book,  the  surfaces 
of  which  have  been  rubbed  with  red  chalk,  to  prevent 
adhesion,  and  in  this  form  gold-leaf  is  sold. 

Silver  and  copper  leaf  are  prepared  in  a  somewhat 
similar  manner  to  gold.  Copper  is  less  malleable  than 
gold,  and  both  it  and  silver-leaf  are  thicker ;  but  cal- 
culated by  weight,  it  does  not  appear  that  gold  is  more 
malleable  than  silver.  The  silver-leaf  used  for  silvering 
letters  on  omnibuses,  &c.,  is  really  gold  largely  alloyed 
with  silver.  Pure  silver-leaf  would  be  liable  to  tarnish. 
What  is  called  dciitisls'  gold,  or  that  used  for  stop- 
ping teeth,  is  the  gold  beaten  out  from  the  ingot,  then 
divided,  and  beaten  out  once  again. 

The  dryness  of  the  kutch,  shoder,  and  mould  are 
of  importance,  to  ensure  whicli  they  are  placed  in  an 
iron  press  that  has  been  heated  at  the  fire  every  time 
they  are  used.  lu  frosty  weather  the  tools  may  be 
over  dry,  and  then  the  lustre  of  the  gold  becomes 
dimmed,  and  it  spreads  slowly  under  the  hammer.  If 
the  kutch  or  shoder  be  damp,  the  gold  will  become 
hollow,  or  sieve-lihe,  that  is,  it  will  be  pierced  with 
numerous  microscopic  holes,  and  in  the  moulds  will 
pass  into  the  pulverulent  state. 

GONIOMETER  {yo>via,  an  angle,  and  /^^rpov,  a 
measure),  an  instrument  for  measuring  the  angles  at 
which  the  planes  of  crystals  incline  to  each  other. 

GOVERNOR,  or  Centmfugal  Pundulum,  see 
Steam  Engine. 

GRADIENTS,  see  Railway. 

GRADUATION  is  the  art  of  dividing  mathematical, 
astronomical,  and  geodesieal  instruments.  It  is  the 
most  delicate,  difficult,  and  important  branch  of  the 
mathematical  instrument  maker's  art,  and  few  persons 
are  gifted  with  sufilcicnt  accuracy  of  eye  and  preci- 
sion of  hand  to  excel  in  it.  By  its  means  an  instru- 
ment, either  by  linear  or  angular  measure,  is  made  to 
determine  the  dimensions  of  objects,  or  their  distance 
from  each  other.  In  a  vast  number  of  cases  the  value 
of  the  observation  depends  upon  its  accuracy ;  and 
this,  again,  upon  the  correctness  of  the  graduation ; 
and  the  importance  of  accurate  observation  will  be  at 


once  appreciated  from  the  fact,  that  a  slight  error  in 
nautical  astronomy  may  lead  to  the  loss  of  a  ship. 
In  a  circle  of  3  feet  radius,  which  is  that  of  the 
mural  circle  at  Greenwich,  a  minute  of  a  degree  is 
little  more  than  the  100th  of  an  inch,  and  this  quan- 
tity, respecting  latitude,  is  the  measure  of  about  a 
mile  upon  the  surface  of  the  earth ;  but  in  longitude, 
as  derived  from  lunar  and  solar  tables,  the  minute 
represents  upon  a  mean  no  less  than  about  30  miles, 
while  in  some  of  the  elements  of  astronomy,  as  ob- 
tained by  observation,  the  disparity  is  very  much 
greater. 

The  invention  of  the  telescope  soon  led  to  that  of 
instruments  of  observation,  in  which  a  correct  system 
of  graduation  became  more  and  more  required.  Some 
of  the  earlier  astronomers  who  used  the  telescope 
graduated  their  own  instruments ;  but  before  this, 
in  most  countries  of  Europe,  clookmakers  were  the 
first  to  fabricate  mathematical  instruments.  Thus 
the  instruments  invented  by  Hooke  were  made 
by  Tompion,  and  he  and  Graham  made  instruments 
for  the  Royal  Observatory  at  Greenwich,  the  esta- 
blishment of  which  led  to  the  production  of  superior 
instruments ;  and  successive  Astronomers  Royal  have, 
from  time  to  time,  encouraged  the  talents  of  superior 
artists.  According  to  Smeaton,*  the  first  person  who 
cut  accurate  divisions  on  astronomical  instruments, 
was  Abram  Sharp,  assistant  to  Flamsteed.  About 
the  year  1GS9  he  constnictcd  and  graduated  for  the 
Royal  Observatory  a  mural  sextant  of  6  J  feet  radius, 
which  did  good  service  to  astronomy  in  the  hands  of 
Elamstecd.  In  the  early  part  of  the  eighteenth  cen- 
tiu-y  some  instrument  makers  became  celebrated  in 
the  art  of  dividing.  Some  of  the  works  of  Rowley 
are  still  extant,  and  are  said  to  bear  evident  proofs  of 
neatness  and  accuracy.  A  little  later  than  Rowley 
the  elder  Sisson  constructed  and  graduated  large  in- 
struments with  success,  such  as  the  8-feet  mural,  and 
several  large  zenith  sectors  of  Graham.  About  1727 
Bird,  a  rustic  lad  of  Bishop-Auckland,  observing  the 
unequal  divisions  and  coarse  engraving  of  a  clock -dial 
plate,  determmed  to  execute  one  for  himself.  The 
success  of  the  attempt  attracted  notice,  and  he  was 
enabled,  a  few  years  afterwards,  to  come  to  London, 
where  he  served  a  short  apprenticeship  with  the  elder 
Sisson,  and  became  acquainted  -with  Graham,  from 
whom  ne  acquired  much  valuable  information.  In 
1745  he  was  in  business  for  himself,  and  he  and  the 
younger  Sisson  were  rivals  for  fame.  It  is  said  that 
the  latter  was  as  superior  in  iivjomiity  i<^  tlir  former 
wasaccurate  in  execution  aiiil  !■■!!!     ,:iit.   In 

1767,  at  the  request  of  tin    i     ,    :  -f  the 

Board  of  Longitude,  Bird  pui-:  Im-i  ir,  in.iiiod  of 
dividing,  and  was  rewarded  with  500/.,  bcsulos  00/. 
for  Ms  plates,  he  having  agreed  to  instruct  an  appreu- 
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lice  of  seven  years  in  the  art  of  constructing  and 
dividing  astronomical  instruments.  About  1740 
Henry  Hindley,  of  York,  was  the  first  to  construct 
an  eiiaine  for  graduating  instruments,  and  wliicli  also 
served  to  cut  the  teeth  in  eloek-whci-ls.  In  ITCi?  tlip 
Due  de  Ciiaulnes  published  at  Tail.  \\' -  ■  X  :ll,.;l^ 
MethodepourdiviserlesInstrumcll^  :  '■'...'  ,1 
et  d' Astronomic ;"  also,  "Desciiii  ,  i  im  \! 
scope  et  de  diiferens  Micrometres  ilr^im.  s  :,  i,,(  imr 
des  parties  ch-ctdaires  ou  droites  avco  la  plus  grande 
precision."  This  method  has  been  considered  as  the 
basis  of  Ramsden's  method  of  dividing  a  Isrge  circle. 
The  last  named  celebrated  artist  liad  the  great  merit 
of  rendering  small  instruments  almost  as  accurate  as 
the  large  ones  had  previously  been,  and  the  gradua- 
tion of  his  larger  works  was  superior  to  any  that 
had  been  executed.  About  the  year  1706  he  con- 
structed a  dividing  engine,  which,  although  it  fell 
short  of  his  expectations,  exceeded  in  accuracy  the  best 
dividing  plate.  It  answered  well  enough  for  dividing 
common  instruments,  but  was  not  sufficiently  accurate 
for  those  used  in  finding  the  longitude  at  sea.  Rams- 
den's second  effort  was  much  more  successful.  A 
sextant,  divided  by  the  new  engine,  was  carefully 
examined  by  Bird,  and  pronounced  by  him  to  be  fit 
for  every  pui'pose  of  nautical  astronomy.  Ramsden's 
engine  was  well  suited  to  the  time  in  which  it  ap- 
peared,— a  time  when  the  improvements  in  nan:  .  i: 
astronomy,  and  tlie  extension  of  our  cum;  . 
created  a  great  demand  for  reflecting  instrn  : 
which  never  coiJd  have  been  supplied  if  it  liaa  L,i  u 
necessary  to  divide  them  by  hand.  In  1777,  at  the 
request  of  the  Commissioners  of  the  Board  of  Longi- 
tude, Ramsdeu  published  on  oath  an  accouut  of  his 
engine,  for  which  he  received  a  reward  of  300/.,  and 
a  further  siunof  315/.  on  condition  of  making  over  his 
engine  to  the  public,  and  engagmg,  so  long  as  the  engine 
remained  in  his  possession,  to  divide  sextants  at  6s., 
and  octants  at  3s.  each,  for  other  mathematical  instru- 
ment makers.'  The  instrument  makers,  however,  com- 
plained that  Ramsden  kept  their  work  too  long  in 
hand,  and  that  his  assistants  were  very  careless.  Such 
complaints  as  these  would  be  likely  to  stinudate  in- 
genious men  to  copy  Ramsden's  engine  now  that  it 
was  public  property.  The  first  to  do  so  was  Mr. 
John  Trouglilai,  'Jh',  I'm  laliouring  during  three 
years,  with  111 iH  '    i  straitened  pecuniary 

mrans,  eoniji   ■  '-.         --    i  I  uatiug  engine,  which 

soon  became  ilh     >  i-  ii^il  of  Ramsden's;  and 

although  Troughtou  iliarged  a  higher  price  than 
Ramsden  for  gi-aduatiiig  for  the  instrument  makers, 
yet  his  engine  was  soon  in  full  employment,  and  he 
was  accustomed  to  declare,  in  after  years,  that,  by  the 
care  and  industry  of  himself  and  of  his  younger  bro- 


ther, he  was  soon  as  well  remunerated  by  the  trade 
as  Ramsden  had  been  by  ])ublic  rewards.  AbouH788 
Mr.  John  StancMe  completed  his  dividing  engine ;  he 
had  been  apprenticed  to  Hmdley,  of  York,  and  was 
for  many  years  foreman  to  ll.-imsdcn,  wlioni  he  is  said 

to  have  greatly  assist"'   w.  I'-i    '■,:,  ■     ,  ,,]'  his 

engine.     Stancliffo  ha.i  '      :  ■        ■     -  :  li"' 

graduation  of  sexlain  .  •  i:;  '  ■■  •  his 
liands,  were  long  and  ih  - '  ;\iill_:  i  iirmcl  .\lh  :  hms, 
Ramsden's  engine  was  copied  many  times.  Trougliton 
continued  during  many  years  to  practise  graduation 
with  success;  and  he  was  worthily  suceoeded  by  his 
younger  brother,  Edwnvil,  v.hr,  vn-  ili  ;'iiir,i  Ir,  slird 
lustre  on  his  profes  h         li    >  i!       ',>d 

an  improved  method  i  >  i  _  .  i ;  i  u' 

tested  by  several  years  if  i!:,-i  ;<,■.  In  :,i  Imil'!.  -uli- 
mitted  to  the  Royal  Society  of  Loudon,  ami  was 
rewarded  by  that  distinguished  body  with  the  Copley 
medal.  His  memoir,  which  is  inserted  in  the  Philo- 
sophical Transactions  for  1809,  will  be  noticed  more 
fully  liereafter;  but  we  may  here  quote  his  own  account 
of  the  circumstances  which  first  led  him  to  become 
dissatisfied  with  the  old  methods  nf  graduation.     He 


.  -  them  with  the  points  of  the  compasses.  This 
'.nice  gave  me  an  early  dislike  to  the  tools  then 
m  u.u ,  and  occasioned  me  the  more  uneasiness,  as  I 
foresaw  that  it  was  an  evil  which  no  practice,  care,  nor 
habit  could  entirely  cure;  beam-compasses,  spring- 
dividers,  and  a  scale  of  equal  parts,  in  sliort,  appeared 
to  me  little  better  than  so  mauy  sources  of  mischief. 
....  Of  the  different  branches  of  our  art,  that  of 
turning  alone  seemed  to  me  to  border  on  perfection. 
It  occurred  to  me,  that  if  I  could  by  any  means  apply 
the  principle  of  turning  to  the  art  of  dividing  instru- 
ments, the  tools  liable  to  objection  might  he  dispensed 
with.  The  means  of  doing  this  was  first  suggested  by 
seeing  the  action  of  the  perambulator,  or  measuring- 
wheel  ;  the  surface  of  the  earth  presenting  itself  as 
the  edge  of  the  instrument  to  be  divided,  and  the 
wheel  of  the  perambidafor  as  a  narrow  roller  acting 

lutions  ail. I   ,  '.■:•■        ',   l  ■  i    ,,,  m;I." 

While  i:,hA,,ra  T..,iU   ,'..11  «M-  MTUpMMMiir  ;,'lrll- 

tion  of  the  Royal  Soeiefy  with  his  nietliod  of  gradua- 
tion, the  Hon-  Henry  Cavendish  also  submitted  a  new 
metliod  of  using  the  beam-compasses,  with  a  view  of 
avoiding  the  difficulty  of  pointing  the  exact  middle  of 
a  small  space  betwee-i  the  two  scratches,  and  of  using 
that  point  again  without  altering  its  conical  figure. 
Ab.iut  the  same  time,  Professor  Lax,  of  Canibridge, 
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the  edge  of  Hie  engine-plate  used  for  dividing  sex- 
tants. About  tlie  year  1S30  Mr.  Andrew  lloss  was 
rewarded  by  tbe  Society  of  Ai-ts  for  an  improved 
nictliod  of  dividing,  and  also  for  a  new  cireular  divid- 
ing-engine. In  1S43  Mr.  Simms,  of  the  firm  of 
Trougliton  and  Simms,  applied  self-aetiug  apparatus 
to  Edward  Trougliton's  circular  dividing-engine. 

Dividing-engines  liave  been  constructed  by  ReicL- 
cnbach,  and  others,  in  Germany,  and  by  Gambey, 
Fromcut,  and  others,  in  France. 

Much  of  the  German  division  is  excellent,  and  of 
late  years  Froment's  division  has  excited  great  admi- 
ration. His  method  is  not  known  in  this  country,  but 
we  believe  it  is  done  by  a  self-acting  engine,  which  is 
moved  by  the  electro-magnetic  machine  described  at 
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The  art  of  graduation  is  commonly  divided  into  three 
sections,  viz. ;  1.  Common  Gkabuatiox  :  2.  Engine 

Gil.iDUATIUS  ;    3.    OfilGINAl  GRABTJiTION. 

1.  Common  graduation  is  the  method  of  taking 
copies  from  a  pattern  which  has  been  already  laid 
down  by  original  graduation ;  but,  as  generally  prac- 
tised, it  consists  of  taking  copies  of  a  copy.  It  also 
includes  those  cases  of  original  graduation  where  the 
usual  patterns  do  not  apply,  and  where  the  utmost 
possible  degree  of  accuracy  is  not  lequued. 

The  apparatus  used  with  ceitam  tools  for  common 
graduation,  consists  of  a  duidiitg  phth ,  \\  liich  is  cither 
a  complete  disc,  or  a  bioad  inn  connected  with  the 
centre  by  radial  arms,  and 
made  inflexible  by  cncular 
rmgs  or  edge  bars  beneath 
It  may  vary  from  14  to  30 
inches  in  diameter.  The  ex- 
treme border  is  divided  into 
degrees  and  quarters,  and 
just  within  this  is  anotlui 
circle,  divided  into  degiec 
and  thirds.  Within  are  usu 
ally  engraved  such  numbc  s 
as  are  required  for  the  di  1 
of  the  perambulator;  Gunter  n 
line  of  numbers  arranged  1 1 
a  circle,  and  other  logarithmic 
lines.  Also  tangents  in  huu 
drcdtli  parts  of  the   ladiu^;, 

and  the  difference  of  the  \\\         \  \ 

pothcnuse  and  base  as  apphul 
to  the  theodoKte;  also  the 
equation  of  time  for  dialUiu;, 
tlie  points  of  the  compass,  &c 
In  the  centre  of  the  plate  ib 
a  circular  hole,  made  truly 
perpendicular  to  the  surface, 
into  which  is  nicely  fitted  a 
pin  or  arbor,  which  also  fits 
the  centre  hole  in  tlie  circle 
or  arc  to  be  divided,  and  is 
the  prmcipal  connexion  betwf 
plate  while  the  work  is  being  done.  In  Fig.  109S 
the  dividing-plate  is  shown  with  a  compasa  ring 
attached,  in  process  of  graduation;  this  ring  is  pre- 


vented from  turning  round  by  means  of  a  couple  of 
holdfasts,  two  being  used,  since  it  is  necessary  to  re- 
move one  of  them  when  its  position  obstructs  the 
work.  An  index  of  tempered  steel,  with  a  very 
straight  edge,  is  attached  at  one  end  a  to  a  plate  of 
brass,  furnished  with  an  angular  notch  exactly  in  a 
line  with  the  straight  edge,  which  notch  receiving  the 
arbor  of  the  plate  dii-ects  the  straight  edge  to  the 
centre.  The  length  of  the  index  is  equal  to  the 
radius  of  the  plate.  At,  and  below  the  exterior  end, 
is  fixed  a  secondary  index  B,  reaching  as  far  inward 
as  the  lines  of  the  plate  extend,  its  edge  being  also 
directed  to  the  centre,  but  usually  placed  a  little 
to  the  right  of  the  other  edge,  as  in  the  figure.  By 
an  arrangement  of  nuts  and  screws,  the  distance  of 
the  two  parts  can  be  adjusted  according  to  the  thick- 
ness of  the  work,  so  that  the  secoudai-y  index  may  be 
flat  upon  the  work.  For  instruments  which  are  re- 
quired to  be  divided  on  feather  edges,  such  as  protrac- 
tors, a  flexible  index  is  sometimes  used,  so  that  the 
pressure  of  the  baud  may  bring  it  in  contact  with  the 
inclining  plane ;  but  a  secondary  index  is  preferable, 
if  it  allow  of  its  position  being  adjusted  to  the  plane 
which  is  to  receive  the  divisions. 

The  diNading-knife,  Fig.  1099,  consists  of  a  blade 
of  good  steel  and  a  handle  of  beech-wood.  The  cutting 
edge  should  be  quite  straight,  ui  a  line  with  the  haudle, 
and  of  the  same  thickness  as  the  intended  divisions. 
The  edge  must  not  be  sharp,  but  rounding,  so  as  to 


a  it  and  the  dividing- 


present  to  the  surface  which  is  to  be  divided  a  small 
semicircle,  whose  radius  is  equal  to  half  the  breadth  of 
the  Ime  which  it  is  to  make.  The  back  of  the  blade  is 
about  tV  inch  thick.     The  left  side  should  be  fiat,  but 
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tlu-lincol'  ll„Ta-r;u;:i»-lcnr  aboul  7U° 

A  small 

pliainfcr  on  llic  side  to  the  riglil,  broad  at  tl 

c  back,  but 

vniiisliiag  at  the  edge,  reduces  the  cud  t 

0  an  equal 

Ihickncss.    A  semicircular  recess  is  made 

11  the  edge 

of  llie  blade  near  tlie  liaudlo,  M-l.io.h  affords  a 

•eliefwlicu 

the  tool  is  sliarpened,  nnd  is  usofnl  Oii-  ri 

inucrsidcoftlicondof  ih     :i-i;.  '■:    ^: 

thcraceommodatiouof  :'     i  l     i     '  - 

dhidhirj  square  ;  lliis  consists  of  a  siraiglil-edgc  made 
of  thin  tempered  steel,  witli  a  slim,!, In-  :,t  ,  ;.,l,i  rn-J,-s, 
like  a  carpenter's  stiuarc.  II  i-  i.  !  i  '  '.  iir,i;,T 
the  original,  slopping  at  cacii  ,.:  ,      '     .    ,  ,,ir. 

responding  stroke  is  cut  by  Ihr  ,,,1  mih-  kuii,'  ,,ii  ilic 

AVlicn  box,  or  other  wood,  has  been  divided  u])oii, 
(lie  bur  is  fu-st  well  rubbed  off  the  divisions,  and  Ihe 
\ihole  surface  polished  with  a  dry  rush ;  flic  surface 
is  next  burnished  by  rubbing  it  hard  both  ways,  in  tlie 
direction  of  f  he  grain  of  the  wood,  with  a  clean  piece 
of  old  hat,  whereby  an  agreeable  gloss  is  produced. 
Tlic  ,i;vi-.i,,n=;  nyr.  blackened  by  a  mixture  of  pow- 
'  '  '  ,  1  ::  '  ,1  linseed  oil,  laid  on  quickly,  rubbed 
II       :    I  away.     This  (inislics  the  process. 


,   ihv:   I 


s  hell! 


plan 


divided,  and  is  used  with  the  flat  side  in  contact  with 
the  index  of  the  dividing-plate.  The  action  of  this 
knifi;  is  tlie  reverse  of  the  graver,  which  is  ivishcd 
out\^aids,  and  cuts  away  a  fibre  in  tlio  line  of  its 
course,  leavijig  the  rest  of  the  metal  undisturbed  ; 
■whereas  the  knife  is  dmwii  inwards,  and  without  pro- 
ducing chips,  cuts  a  furrow,  while  the  metal  displaced 
rises  in  a  bur  on  each  side,  which  is  afterwards  re- 
moved by  rubbing  with  willow  cbarcoal  and  water. 

Before  making  the  divisions,  the  cu-cular  linos, 
which  limit  the  length  of  the  strokes,  are  marked 
out  by  means  of  a  beam-compass,  and  made  of  suffi- 
cient 'l,a  ailih  and  depth  by  the  dividing-knife.     Tlic 

ilni.l  '      ,    I'  ,  ,'         .,,,  or  north  point,  beiic^-  i  i.., 
si,i!,'    li.    :i  ■     ,  ■■  ii  ii  set  to  it  may  also  :,'ji,  ■  '    li 

(lie  /J i'  ilif  [lit,'.     The  operator  then  lii-,,),  -  I  111' 

point  of  the  dividuig-knife  into  the  line  on  the  plate, 
and  pressing  the  index  to  prevent  its  moving,  cuts  the 


,ul   .. 


of  ti 


a  operator  will  keep  pace  with  a  skilful 
a  division  for  a  stitch,  for  any  leiigUi 


viding,  as  applied  to  straight  lines,  is 
similar  to  circular  dividing.  The  pattern,  of  course, 
is  straight,  and  the  scale  on  which  the  copy  is  to  be 
laid  is  placed  beside  it ;  instead  of  the  index  above 
described,  the  lines  are  ruled  with  what  is  called  a 


coal;  but  all  the  metals  are  improved  by  being  rubbed 
with  the  hand  after  a  little  oil  h,as  been  applied. 

The  heam-comp„sses  consist  of  a  beam,  aa,  Fig.  1100, 
of  any  length  required,  generally  made  of  well-seasoned 
mahogany.     Upon  its  face  is  inlaid  throughout  its 


Nli|i  of  holly  or  box,  « c^  upon  w 
!,(•  divisions  or  scale.  Two  bra'.-i 
iled  to  the  beam,  of  which  boxe 


miiy. 


The 


adjustment  of  the  points  r,  n  is  attained  by  means  of 
the  two  veniicrs  '  b,  c.  fixed  at  the  side  of  an  opening 
in  the  brass  boxes  to  which  lli,—  're  rifir!:- !,  nnd 
afford  the  means  of  minutely  :-';'  '  -  !  iV  ;  ^  "■  'lal 
divisions  a  a  on   the  beam,  ^^^    1:    ;  leli 

purpose  to  the  screw  d,  viz.  to  fix  tlie  box  n,  and 
prevent  motion  in  its  point  after  adjnslnicnt  to 
position,  r  is  a  slow  motion  screw,  by  which  the 
point  G  may  be  moved  a  minute  quantity  for  perfect- 
ing the  setting  of  the  instrument  after  h.-iving  been 
set  as  nearly  as  possible  by  hand  alone. 
Por  some  descriptions  of  dividing,  the  compasses 


called  spring  dividers,  Tig.  1101,  are  useful.  They 
consist  of  a  circular  steel  bow  aud  two  legs,  all  iu 
one  piece:  the  bow  allows  a  motion  of  the  points  from 
tlio  distance  of  about  an  inch,  or  2  inches,  to  their 
contact.     The  points  may  be  brought  near  together 


by  means  of  an  adjusting  screw  attached  to  one  of  the 
legs  by  a  pin  passing  through  it,  and  upon  whicli  it 
turns  as  in  a  centre,  the  elasticity  of  the  spring  exert- 
ing a  pressure  against  the  screw,  (or  rather  against 
a  sharp  angle  attached  to  the  screw,)  and  thus  keeping 
the  points  at  the  distance  to  which  they  are  set.  The 
logs  arc  bored  to  receive  the  cylinders  or  points,  which 
are  ground  to  the  requisite  fineness  aud  brought  very 
near  the  inner  extremity  of  the  diameter  in  order  to 
measure  the  shortest  possible  distanrc  ;  but  at  tlie 


forefinger  is  pressed  upon  the  bow,  the  thumb  and 
midaie  finger  keeping  it  upright,  while  the  other 
fingers  prop  the  hand ;  but  where  a  distance  is  to  be 
set  oS'  many  times  in  succession,  the  dividers  are  to 
be  twirled  round  in  the  same  direction,  making  a  dot 
at  every  half  turn.  For  accurate  bisection  of  a 
distance,  the  instrument  must  be  hekl  liy  tlic  leg  nrar 
the  point,  which  is  lodged  in  ^•.•y  >\iirii,iiv,  wwXi- 
with  the  other  a  faint  arc  i-  .    i 

tiling  being  done  from  the  otii.  ,        :     i      . 
the  middle  point  is  secured  bv  !i  ikm.'  a  dwi  »;ih  a 
fine  conical  pointrU.     In  using  tlic  divideis  a  magni- 
fying glass  held  in  the  left  hand  must  always  be 
employed. 

In  dividing  a  common  thermometer,  several  points, 
12  or  ]  5  degrees  apart,  are  marked  off  in  accordance 
with  a  standard  instrument ;  these,  which  are  always 
unequal,  are  filled  up  with  equal  parts.  Suppose  the 
distance  from  one  mark  to  the  next  is  15°;  instead 
of  first  dividing  the  space  into  3  or  5,  the  operator 
guesses,  or  esiiniates  the  distance  of  1°,  and  running 
the  divider  over  the  space  almost  as  quickly  as  he 
can  count  its  steps,  he  ascertains  how  much  he  has 
erred ;  a  second  or  third  trial  is  sure  to  give  him  the 
proper  distance.  The  dots  in  these  trials,  two  of 
which  should  never  be  in  the  same  line,  are  scarcely 
to  be  recognised  by  the  lens,  and  he  requires  the  last 
set  only,  so  that  by  repeating  the  steps  with  greater 
pressure  he  may  make  the  dots  sutfioiently  large  to 
receive  the  point  of  the  dividing  knife. 

2.  Engine  graduation.  —  Kamsden's  engine  has 
formed  the  basis  of  the  subsequent  improved  instni- 
meuts,  which  we  are  about  to  describe;  it  will  not  there- 
fore be  necessary  to  give  more  than  a  general  idea  of  its 


principle,  which  is  as  follows  :— A  horizontal  circle  4 
feet  in  diameter  is  made  to  turn  upon  a  vertical  aiis : 
the  outer  edge  of  this  circle  is  rakhed  or  notched  by 
an  endless  screw,  one  revolution  of  which  carries  the 
circle  round  10' :  the  pressure  of  the  foot  upon  a 
treadle  turns  the  screw  forward,  and  by  a  series  of 
ingenious  contrivances  the  operator  can  turn  the 
screw  through  any  portion  of  its  revolution  at  each 
descent  of  the  treadle,  and  the  position  of  the  parts 
is  restored  when  the  foot  is  taken  off,  without 
allowing  any  return  motion  to  the  screw.  The  circle 
to  be  divided  is  fixed  upon  the  dividing  eugme,  aud 
made  concentric  with  it,  and  a  division  is  cut  after 
each  pressure  of  the  foot. 

Mr.  Edward  Troughton's  dividing  engine,  which 
was  completed  in  1793,  will  be  understood  from  the 
following  figures  and  description.'  Pig.  1102  is  a 
plan,  and  Fig.  1103  an  elevation  of  the  engine.  It  is 
mounted  upon  a  strong  frame  of  wood,  the  upper  part 
of  which  serves  as  a  box  to  preserve  it,  and  which  at 
certain  places  opens  for  use.  This  stand  serves  to 
support  the  machine  at  a  convenient  height,  and  the 
only  portion  of  it'represented  in  the  figures  is  the  plat- 
form E  E.  Tlie  lowest  part  of  the  engine  is  a  heavy 
tripod  of  cast  brass;  two  of  its  branches  are  denoted 
by  A  A  in  the  plan :  the  third  is  covered  by  the  work 
above.  In  Fig.  1103,  the  tripod  is  also  represented 
by  A  A,  below  which  are  three  finger  screws  b  b,  that 
support  it  on  the  platform  and  serve  the  purpose  of 
levelling  the  engine.  They  work  in  the  tripod  with 
tlieir  heads  downwards,  and  are  placed  in  the  broad 
part  where  the  two  branches  meet.  At  about  2 
inches  from  the  centre  of  the  tripod,  and  at  equal 
distances  from  each  other,  are  3  conical  tubes  c  c, 
extending  downwards  nearly  3  feet;  the  third  is 
'  iiKv.-ilr.l  liriiiii-1  ilir  axis  of  the  eugiuc  platc.  They 
r  ends  by  a  strong  piece  of 
_  ,  :tli  the  centre  of  the  tripod, 

I'm  IMS  a  Ir  inir  wia  i.aa  ila'  axis  revolves.  The  engine- 
plate  G  was  cast  in  one  piece,  except  the  circular 
limb.  The  form  of  the  12  radii  is  seen  in  Fig.  1103 ; 
they  are  connected  l)y  a  central  part,  equal  in  thick- 
ness to  their  greatest  depth ;  but  the  broad  cii-cular 
centre  piece,  as  well  as  the  circular  ring,  are  not 
thicker  than  the  limD.  The  latter  is  3  inches  broad 
and  I  inch  thick,  and  is  formed  of  one  piece  of  fine 
plate  brass  without  soldering.  It  is  rabbeted  upon 
the  extremities  of  the  radii,  so  as  to  bring  its  upper 
surface  into  the  same  plane  with  them,  and  made 
permanently  fast  with  rivets.  Tlic  axis  of  the  plate 
D  is  a  strong  conical  tube  4  inches  in  diameter  at 
the  upper  end,  and  half  as  much  below.  Its  length 
is  determmcd  by  the  3  cones  of  the  tripod.  At  the 
upper  end  it  is  firmly  fixed  to  the  centre  of  the  plate; 
the  lower  end  terminates  in  an  obtuse  point  of  steel. 
At  the  upper  end  of  the  axis,  a  steel  arbor  was 
passed  through  the  plate  from  below,  2  inches  above 
its  surface  :   upon  these  2  points  when  revolving  in 
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the  lathe,  the  surface  of  the  plate  was  generated  and 
its  outer  edge  made  perfectly  circular.     The  teeth  in 
the  limb  were  cut  by  a  screw  having  20  threads  in 
an  inch,  and  as  it  was  intended  that  by  one  of  its 
revolutions   it  should  carry  the  plate  through   an 
angle  of  10',  it  followed  that  the  circumfertinv  if  t'.' 
plate  should  be  IDS  inches.     From  the  m.  ■ 
the  screw,  therefore,  the  dimension  of  thr  < 
border  of  the  plate  was  derived  first  by  rnm,      , 
nearly,  and  afterwards  by  trial  with  i  In    •   i. 

A  strong  collar  of  bell-metal   I     :  ;       ' 

upon  the  axis  and  made  concent i!'      ^  h  i  i 

limb  was  turned,  the  position  of  Ihu  culi.u  i  i.ii.LKl- 
ing  in  height  with  the  body  of  the  tiipoil.  The 
centre  of  tlie  tripod  is  hollow,  to  allow  the  collar  to 
pass  through,  but  docs  not  form  a  socket  for  it  to 
wiul  ill.  In-'..  ,i'I -r  i' V,  i  V.I.  ii.'i-r.r',  iviTcs  of  steel 
ail  :  :        •    with  each 

nil.         '  '  .1  by  a  steel 

triangular  bearing  the  axis  is  supported  at  top,  while 
the  piece  f  receives  the  point  at  the  lower  end,  and 
supports  the  whole  weight.  To  the  front  branch  of 
the  tripod  is  screwed  a  strong  plate  of  brass,  as 
shown  in  the  plan,  extending  inwards  half-way  to  the 
centre  and  outwards  somewhat  beyond  the  border  of 
the  wheel.  Its  breadth  is  rather  more  than  the  length 
of  the  screw  arbor.  Above  this  and  in  contact  with 
it,  is  a  similar  plate,  to  the  under  side  of  which  are 
screwed  3  oblong  pieces,  the  thickness  of  which  is 
equal  to  that  of  the  lower  plate.  One  of  these  at  the 
middle  of  the  inner  end  of  the  plate,  and  the  other 
two  at  the  outer  end  near  the  edges,  are  received  by 
slits  cut  in  the  lower  plate,  and  which  are  about  ^  in. 
longer  than  the  pieces,  and  allow  a  motion  of  the 
upper  plate  in  the  direction  of  the  radius,  equal  to 
that  quantity,  but  afford  it  no  lateral  play.  The 
dividing  screw  is  fastened  to  the  upper  plate,  and 
partakes  of  its  motion,  in  order  that,  ■when  required, 
the  threads  of  the  screw  may  be  disengaged  from  the 
teeth  of  the  limb.  Two  pieces  h,  connecting  the  screw 
with  the  upper  plate,  extend  towards  the  centre  as 
far  as  the  plate,  and  form  edge  bars  to  strengthen  it. 
In  Fig.  1105  the  shape  of  these  pieces  is  best  shown, 
and  the  mode  in  which  they  are  brought  from  below 
for  placing  the  screw  even  with  the  edge  of  the 
wheel,  and  also  how  the  screw  arbor  is  centered  in 
them.  The  arbor  of  the  screw  is  cylindrical,  and  a 
portion,  of  each  end  forms  a  cylinder  of  smaller  dia- 
meter, The  shoulders  which  near  each  end  of  the 
arbor  limit  these  parts,  prevent  lateral  play  in  the 
pieces  last  described;  for  the  smaller  parts  work 
freely  in  the  holes  of  those  pieces,  the  stoulders 
being  in  contact  with  their  inner  edges. 

The  engine  was  now  ready  to  receive  the  original 
graduation  of  its  limb,  and  this  was  done  according 
to  the  principle  explained  in  the  third  section.  It 
may,  however,  contribute  to  the  completeness  of  this 
part  of  our  subject  to  select  a  few  particulars  from 
Mr.  E.  Troughton's  account  of  the  actual  process 
on  the  engine  under  description.  In  the  first  place, 
a  roller  was  placed  horizontally  in  a  frame  attached 


to  the  tripod  so  as  to  have  free  and  steady  motion 
round  its  own  axis ;  and  was  so  adjusted  as  to  be 
carried  exactly  16  times  round  while  the  engine-plate 
made  one  revolution.  This  roUer  was  itself,  near  the 
edge  upon  its  upper  surface,  divided  into  IC  parts. 
T'l.  II  till  ii'iu' i' I  |,','r  rniii.-l,  i!;  I  1  ("i  divisions  IG 
■    '       :  .!  I        '        I  -I,       .1  I  li.  the  wire  of 


1.1  I  1  ici;  wilhm  tlie  edge  to  prevent  their 

11  :;. making  the  teeth.    To  accomplish 

!  I  1  index  was  made  to  revolve  upon  the 
ail;,;i  ul  ilic  (.lalu ;  it  was  composed  of  two  branches 
tepial  m  length  to  the  radius  of  the  circle  of  dots, 
each  of  which  carried  at  its  extremity  a  microscope 
with  a  micrometer :  these  bad  a  range  of  angidar 
motion  respecting  each  other  from  a  right  line  to  a 
very  small  angle.  By  this  index  and  these  micro- 
scopes the  250  fine  dots  were  examined  by  a  certain 
bisectional  process,  from  which  their  individual  errors 
were  investigated  by  computation  and  formed  into 
a  table.  By  the  help  of  the  table  of  errors,  the  future 
work  of  racking  the  limb  was  prosecuted  with  as  much 
certainty  as  could  have  been  done  had  the  originnl 
divisions  been  inserted  without  error.  As  the  value 
of  a  tooth  of  the  limb  was  to  be  10',  the  whole  num- 
ber of  teeth  would  be  2,100;  now  ^=8/,,;  and 
just  so  many  revolutions  and  iiarls  of  the  diviiliag 
screw  will  be  commensurate  with  a  mean  space  from 
dot  to  dot  =  an  angle  of  1°  M'  22".5.  In  order, 
therefore,  that  a  comparison  between  the  plate  and 
the  screw  might  be  made  at  every  original  dot,  it  was 
necessary  to  provide  means  for  ascertaining  the  posi- 
tion of  the  former  at  every  ICth  part  of  a  rcvolutiini. 
To  fliis  end  a  micrometer  head,  as  large  as  could  be 
admitted,  divided  into  16  equal  parts,  was  fixed  upon 
the  left  end  of  the  screw  arbor,  and  contiguous  to  this 
was  placed  a  fixed  index  bearing  a  fiducial  line.  Now, 
as  it  was  impossible  to  lay  down  these  256  dots  with- 
out some  errors,  it  was  necessary  next  to  determine 
their  true  places  from  their  apparent  ones.  A  lower 
subdivLsiou  of  the  micrometer  head,  therefore,  became 
necessary,  and  each  of  the  16  spaces  was  divided  into 
10  by  actual  division. 

The  256  dots  having  been  transferred  to  the  plate, 
the  roller  was  removed,  as  also  the  double  index  and 
microscopes  from  the  central  arbor,  when  the  position 
of  those  dots  had  been  ascertained.  The  dividing 
screw  was  now  placed  in  its  frame ;  and  a  micrometer 
with  a  movable  wire  fixed  to  the  tripod  for  viewing 
the  primitive  dots,  and  a  winch  for  turning  the  screw 
attached  to  its  arbor  on  the  right;  this  change  of 
parts  being  effected,  the  screw  with  its  frame  having 
free  motion  in  the  line  of  radius,  and  capable  of  being, 
by  the  force  of  a  spring,  pressed  into  contact  with 
the  edge  of  the  plate,  or  by  a  screw  drawn  backwards 
at  pleasure  :  the  plate  itself  having  free  motion  round 
its  axis,  the  important  operation  of  forming  the  teeth 
or  racking  the  circle  was  commeiiccd. 

In  order  to  prevent  mistakes  by  beginning  an 
interval  at  a  wrong  16th  of  the  head,  which  by 
making  false  marks  would  occasion  much  trouble, 
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those  parts  were  numbered  1,  2,  3  ...  16  in  the 
order  of  turning  the  screw  forwards.  Correspoudiuj 
numbers  were  marked  in  ink  upon  the  plate  opposite 
to  the  dots,  the  order  of  which,  from  right  to  left, 
was  0,  7,  1-i,  5,  13,  3,  10,  1,  S,  15,  G,  13,  i,  11,  3,  9, 
which,  repeated  IG  times,  completed  the  circle.  This 
allowed  the  work  to  be  done  with  confidence,  for,  in 
Ijcgiiuiiug  any  interval,  it  was  only  required  that  (he 
number  ui)on  the  head  should  be  that  which  distin- 
guished the  dot  under  the  wire  of  the  microscope. 
In  the  table  of  errors  those  dots  which  were  too  for- 
ward were  marked  with  the  sign  — ,  and  those  that 
were  too  backward  -I-,  since  a  +  position  of  the 
screw  will  effect  a  correction  of  a  —  error  of  the  dot, 
and  the  contrary.  The  :ero,  or  fii'st  dot,  being  with- 
out error,  is,  by  turning  the  plate  round,  to  be  brought 
exactly  under  the  wire  of  the  microscope,  and  the 
division  of  the  head  mai-ked  o  made  to  coincide  ex- 
actly with  the  fiduci;d  line.  The  spring  is  now  allowed 
to  press  up  the  screw  into  contact  with  the  edge  of 
the  plate,  and  then,  by  means  of  the  winch,  the  screw 
is  to  be  turned  through  8^  revolutions,  which  wUl 
make  impressions  upon  the  edge  of  the  plate  and 
bring  up  another  dot  to  the  wire  of  the  microscope. 
The  scren-  must  nov.-  be  released,  and  the  plate  turned 
backwards  so  as  to  bring  that  dot  to  the  wire  which 
Dreccdcs  I  he  one  that  the  former  interval  began  from, 
which  dot  is  marked  9,  and  the  division  of  the  head 
m.arkcd  9  must  be  brought  to  the  fiducial  Hue,  but 
not  exactly ;  for  in  tliis,  as  well  as  in  every  future 
Interval,  the  tabular  error  of  the  dot  must  be  allowed 
for  according  to  the  subdivisions  of  the  head;  the 
screw  being  again  pressed  up  and  turned  with  the 
winch,  this  interval  will  also  be  indented.  In  thus 
proceeding  in  a  retrograde  course  from  one  interval  to 
another,  until  the  whole  circle  has  been  gone  over, 
a  slight  impression  of  the  screw  is  made  at  each  of 
the  2,100  revolutions.  The  marks  thus  made  are  laid 
on,  as  it  were,  in  patches,  the  beginnings  of  which 
arc  agreeable  to  the  original  corrected  dots,  but  at 
every  other  pomt  they  arc  subject  to  the  error  of 
niisnicasuremcnt  of  the  screw  as  well  as  to  that  of  its 
uncertain  action.     The  backward  |irirf>css  in  inakiu',' 

the  first  impression  was  toprevini     ;      ^     .yrnr, 

which  must  have  arisen  had  il  ,  '      -  ■    ^:,.,1 

forwards  through  successive  ii.i.:,  -  lu;  ;!  ili" 
impressions  already  made  were  suiiKicniiy  deep  for 
the  screw  in  its  future  action  to  follov.-  them,  and  by 
its  own  equalizing  action  to  produce  agreement  be- 
tween the  beginning  of  one  interval  and  the  end  of 
another,  it  was  necessary  to  pursue  that  process. 
Thus  far  the  threads  of  the  screw  had  not  been  made 
to  cut,  but  merely  to  indent  the  edge,  the  metal  on 
each  side  of  every  indentation  rising  in  a  bur ;  but 
4  or  5  of  the  middle  threads  had  already  been  worn 
into  action.  In  order  to  rack  from  these  slight  in- 
dentations to  the  full  tooth,  it  was  necessary  that  the 
screw  should  cut  like  a  saw;  for  which  purpose  the 
spiral  notches,  which  in  opposite  directions  are  shown 
in  the  figures  crossiug  the  threads  of  the  screw,  were 
made  with  a  sharp-edged  file,  and  in  order  to  preserve 
sharpness  through  loug-contiuucd  action. tliesc  notclies 


were,  from  time  to  time,  filed  deeper  and  broader.  \ 
The  operation  was  a  tedious  one,  and  occupied  nearly 
a  mouth.  The  chief  difiiculty  arose  from  the  eircum- 
stanee,  that  the  tlureads  of  the  notched  screw  cut 
sharper  with  one  edge  than  with  the  other,  and  con- 
sequently the  indentations  gained  or  lost  upon  the 
original  divisions.  By  frequently  sharpening  the 
screw  opposite  various  parts  of  the  limb,  the  error 
arising  from  this  source  was  somelimcs  -f,  and 
sometimes  — ,  and  that  to  the  amount  of  7"  or  S"  in 
some  parts  of  the  circle.  These  errors  were  corrected 
from  time  to  time,  as  they  were  found  to  exist,  by 
pressing  the  wheel  forwards  or  backwards,  so  asio 
force  the  screw  in  its  revolution  to  remove  more 
metal  on  one  side  of  the  indentation  than  on  the 
other.  This  5Ir.  Troughton  thinks  a  sufficient  an- 
swer to  those  who  would  propose  a  self-correcting 
method  of  racking  an  engine.  In  former  engines  the 
notches  of  the  screw  were  cut  parallel  to  the  axis, 
which  caused  an  irregular  jerking  motion  in  cou- 
sequence  of  the  whole  length  of  each  cut  coming  into 
action  at  once,  thereby  cutting  up  the  screw,  and 
rendering  a  duplicate  necessary.  In  the  present 
engine  this  inconvenience  was  avoided  by  making  the 
notches  in  spirals  which,  crossing  each  other  at  equal 
angles,  gave  iu  one  set  the  preceding  edge,  and  in  the 
other  the  following  edge,  the  most  advantageous 
cutting  angle.  Besides  tliis,  a  revolving  pressure  was 
sufiieient  to  cause  the  notches  to  rake  off  every  im- 
purity from  the  teeth  of  the  wheel  and  keep  them 
perfectly  clean. 

We  now  return  from  this  long  description  of  one 
of  the  most  delicate  and  ditficult  of  mechanical  ope- 
rations, to  complete  the  description  of  the  engine. 
Fig.  1106  shows,  in  perspective,  the  apparatus  for 
carrying  the  wheel  forwards  by  the  screw,  the  con- 
nexion between  the  screw  and  the  foot,  aud  the 
method  of  stopping  at  every  division.  The  chief 
p:irts  of  tliis  apparatus  are  shown  in  all  the  figures ; 
but  the  method  of  supporting  it  on  the  platform  of 
the  stand,  by  the  block  i,  is  seen  only  iu  Fig.  1103. 
Tiic  principal  piece  is  a  cock,  j,  the  liorizontal  part  of 
which  has  two  branches,  one  sl;own  in  the  titrure, 
between  which  the  strings  p:i-  i  -  i '  i  ti>  .  ;,>,  Fig. 
1103.     The  vertical  part  Ml,  i.ler, 

which,  when  the  screw  is  in  ...  ;,     ,  i ^   ,.   liglit 

line  with  its  arbor;  but  there  is  Ictl  between  ihcir 
ends  a  space  of  about  half  an  inch :  this  affords  means 
for  changing  the  ratchet  wheels  which  are  placed 
upon  the  screw  arhm,  ami  inu\c  round  or  stop  with 
it.     A  barrel,  alio.:  1  1^  diameter, 

is  fitted  upon  tli  >^  to  be  turned 

round  and  move  J,  i  •   freedom  from 

end  to  end.     The::,    .     ;  )  ,  a  rel  is  formed 

into  a  spural  worm,  ur  screw,  the  groove  of  which 
receives  a  cord  or  cat-gut  of  ^  inch  in  diameter. 
There  is  a  slight  frame  dove-tailed  upon  the  horizon- 
tal branches  of  the  cock,  showii  in  front  of  Fig.  1101, 
which  has  steady  and  free  motion  in  the  dii-cctiou  of 
the  cylinder;  to  each  side  of  this  frame  is  attached 
a  pallet,  one  of  which  enters  in  front,  and  the  olhe: 
behind,  into  the  spiral  of  the  bai-rel,  by  which  means, 


■when  the  latter  is  turned  round,  rectilinear  motion  is 
given  to  the  frame.  The  barrel  to  the  right  is  large 
and  excavated,  so  as  to  admit  the  ratchet-wheel, 
which  latter  is  driven  by  a  catch  and  spring  planted 
in  the  edt;e  of  the  cavity  in  the  former.  The  end  of 
the  Ijai-rcl  to  flic  luft  is  embraced  by  a  ring,  whieh  is 


thiough  a  cnnsidcniblc  extent.  The  elevated  part  of 
the  stopping-piece  resembles  an  anvil,  and  the  hither 
side  of  the  ring  of  (he  barrel,  a  hammer :  the  contact 
of  these  determines  the  point  from  which  divisions 
begin :  cacli  division  is  terminated  by  similar  means : 
an  anvil  is  found  in  ihe  elevated  part  of  the  frame 


behind,  and  a  hammer  in  a  screw-head  projecting 
from  tlie  enlarged  end  of  the  barrel:  a  string,  occu- 
pying 1  or  5  turns  of  the  groove  of  the  barrel,  is 
attached  at  one  end  to  a  treadle  near  the  floor,  and  at 
the  other,  after  passing  over  two  pulleys,  to  a  weight 
behind.  "When  the  treadle  is  pressed  down  with  the 
fool,  the  hannner  in  front  is  lifted  off  its  anvil;  and 
as  the  barrel  is  carried  round,  the  frame  is  moved  for- 
wards by  the  pallets,  so  that  in  the  second  turn  they 
pass  clear  of  each  other,  and  the  motion  is  continued 
until  tlic  anvil  behind  is  struck  by  the  other  hanmier : 
during  this  time  the  catch,  by  the  pressure  of  its 
spring,  has  hold  of  the  perpendicular  side  of  a  tooth 
of  the  ratchet  wheel,  carries  the  screw  round  along 
with  it,  and  moves  also  the  engine-plate  throngli  the 
proper  angle.  On  gradually  withdrawing  the  pies- 
siire  of  the  f.iot  from  the 'treadle  so  as  to  let  the 
V.  I  Ji'  I'H  \  ,11,  ilii'  barrel  will  be  brought  round  in 
:  II ;  the  hammer  and  anvil  on  the 
I  I  '  and  pass  each  other,  and  then  those 

o!i  ill!  -  J,'  [IS  and  meet  as  at  first,  ready  for  a 
second  tread.  During  the  time  that  the  barrel  runs 
backwards  the  screw  and  engine-plate  stand  still; 
tor  the  sloping  sides  of  the  ratchet-wheel  allow  the 
catch  to  escape  freely  over  them.  According  to  the 
arrangement  in  Fig.  llOi,  a  tread  gives  only  2  revo- 
lutions of  tlie  screw,  but  the  number  may  bevai-ied 
at  pleasure  as  far  as  G  ;  for  let  the  anvil  in  front  be 


will  all-. 
then  ili.n> 
aiul  the  p: 


e  oblP 


(qual  case.  As  the  ring  of  the 
barrel,  to  which  is  attached  the  hammer  in  front,  may 
be  turned  round  and  fixed  at  pleasure,  it  is  evident 
Uiat  if  the  hammer  were  brought  down  so  as  to  meet 


the  anvil  sooner,  the  tread  would  be  shortened ;  and 
if  shifted  the  contrary  way  it  would  be  lengthened. 
Thus,  by  changing  the  position  of  the  anvU,  the 
number  of  complete  revolutions  can  be  varied ;  and 
as  parts  of  a  revolution  are  obtained  by  shifting  the 
hammer,  the  angular  value  of  a  tread  may  be  varied 
from  6  revolutions  of  Ihe  screw  down  to  a  single  tooth 
of  the  ratchet-wheel.  The  most  useful  number  for 
the  teeth  in  this  wheel  is  120,  for  it  answers  to  the 
division  of  the  vernier  that  gives  5"  of  the  usual 
degree,  or  10"  in  instruments  of  reflexion,  as  well  as 
to  many  others.  For  other  purposes  ratchet-wheels, 
of  80,  100,  &c.  teeth,  may  be  substituted. 

On  the  end  of  the  screw-arbor  to  the  left.  Fig. 
1106,  is  attached  a  milled  head  and  divided  micro- 
meter; the  latter,  like  the  ratchet-wheel,  changeable 
at  pleasure,  and  carrying  the  same  num- 

_         bar   of  divisions   that  the  wheel  does 

th  ;  the  micrometer  turns  round  with 

■  screw,  and  a  cock  fixed  to  the  frame, 

iring  a  fiducial  line,  serves  as  an  in- 

X  for  counling  the  divisions.    By  the 

Ip  of  this  the  stopping  apparatus  can 

be  set  to  any  jiart  of  the  revolution  of 

*"  "•''  a  screw  without  the  trouble  of  a  second 

trial ;  and  by  it,  in  case  of  a  false  tread, 

or  other  accident,  the  parts  can  be  again  adjusted. 

The  frame  and  apparatus  for  cutting  the  divisions, 
and  their  connexion  with  the  engine,  have  now  to  be 
described.  Upon  the  two  remote  branches  of  the 
tripod,  and  beyond  the  border  of  the  wheel,  are 
erected  2  pillars,  the  upper  parts  of  which  are  formed 
into  screws.  Four  screw-nuts  work,  two  and  two, 
upon  the  screw  part  of  these  pillars,  and,  embracing 
the  ends  of  a  strong  brass  bar,  k  k,  which  they  sup- 
port, allow  the  height  to  be  adjusted  so  as  to  suit  the 
thickness  of  the  work  to  be  divided.  To  the  near 
branch  of  the  tripod  a  cross-piece,  l.  Fig.  1103,  nearly 
the  length  of  the  screw-arbor  and  parallel  to  it,  is 
firmly  fastened.  This  carries  upon  its  extremities 
2  pillars  similar  to,  but  smaller  than  the  others. 
Upon  the  strong  bar,  k  k,  at  equal  distances  from  the 
middle,  are  roller-bars  fixed  by  finger-screws.  They 
extend  from  the  strong  bar  to  the  pillars  in  front, 
to  which  they  arc  secured  by  double-nuts  like  the 
former.  These  2  liars,  M  M^  Fig.  110-2,  aic  bound 
together  by  a  cross-braee  at  the  remote  cud,  and  by 
another  a  little  way  beyond  the  centre.  In  no  other 
part  can  crossiug-pieces  be  allowed ;  for  as  they  form 
the  support  for  the  apparatus  that  cuts  the  divisions, 
uninterrupted  motion  along  the  whole  line  of  tlie 
radius  is  required. 

The  cutting  apparatus  consists  of  3  principal 
pieces,  a,  e,  o,  Fig.  1102.  The  first  is  a  bridge 
which  crosses  the  space  between  the  bars,  m,  m,  au'i 
to  which  it  is  attached  at  the  ends  by  sliding  sockets : 
these  run  along  the  bars,  and  can  he  clamped  thereto 
at  any  part  so  as  to  smt  the  length  of  the  radius  of 
the  instrument  which  is  to  be  graduated.  Two  steel 
screws,  with  conical  points,  are  tapped  through  the 
perpendicular  ends  of  the  bridges  above  the  sockets, 
and  by  working  in  holes  of  the  second  piece,  form  an 
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axis  or  joint  round  whicli  the  latter  has  a  free  and 
steady  motion.  The  third  piece,  the  form  of  whieh, 
as  well  as  of  the  second,  is  seen  in  the  plan,  has  also 
steel  screws  with  conical  points  tapped  through  its 
ends,  and  these,  like  the  others,  act  in  the  middle 
piece,  forming  another  horizontal  axis  parallel  to  the 
former,  and  in  every  respect  like  it.  In  Fig.  1102,  i 
the  parts  are  extended,  for  the  purpose  of  being  better 
shown,  into  a  position  in  which  they  cannot  work. 
Tlie  best  effect  is  produced  when  the  middle  piece  is 
vertical,  aud  the  third  horizontal.  Sufficient  freedom 
of  action  is  found  in  this  contrivance  of  Hindley's  to  i 
produce  a  rectilinear  motion  of  the  pointril  of  at  least 
one  third  of  in  inch  i  quantity  fully  sufficient  for  the  | 
requiied  purposes  Ihe  pirt  of  the  thud  piece  next 
the  ccntie  is  that  m  whicii  the  ponitul  is  phc  1  It 
IS  so  contrived  that  its  length  below  the  | 
be  \aiicd  at  pleasure,  that  it  may  be  t 
upon  a  hoiizontal  axis  so  as  to  make  an\ 
the  plane  to  be  divided  up  n  and  that  its 
be  viewed  by  a  pro)  tily  attached  magnilyii  g  ^l  bs  I 
InFg  1103  a  bvr  attached  to  the  same  jieees 
that  support  the  sciew  aibor  towl  ch  it  i  j  11  1  ' 
and  placed  below  it  tngethei       H  1  ' 

bfar  the  axis  of  a  \eitical  fi  I 

wheel  lb  placed  so  as  to  i  oil  in  o 
side  of  the  limb  of  the  engine  i  1 

dividmgsciew  Wit liout  this  the  act  I  tl  c« 
in  the  teeth  of  the  wheel  would  occasionally  piod  ice 
a  haish  janing  sound  but  it  is  lendeied  mute  by  this 

A  hardened  and  tempeiel  steel  aiboi  uses  fidl  2 
inches  above  the  suiface  of  the  ihte  m  the  axis  of 
which  it  IS  immovably  fixed  In  the  othei  engines 
11  e  IMS  IS  h  11  <io  as  to  admit  aibois  of  different 
size  to  su  t  (he  cci  tie  holes  of  the  m-stuiments  to  be 
giaduded  1  ut  Ml  Troughton  m  using  th  s  en 
g  ne  divil  1  rnly  hs  owu  instruments,  he  n  ade 
them  whethei  hige  oi  small  so  as  to  suit  his  aibor 
and  thus  avoided  one  souiceof  uncertamtvand  erioi 
This  aibor  is  the  pimciial  connexion  between  the 
engine  an!  the -n oik  to  be  gnluated  and  leqmics 
lie  most  exact  fitting  Taj  ped  holes  vaiiously 
ariaigcd  th  ough  the  length  of  the  13  ladii  fuin  1 
fl  1  a]  ]  1    1     I    111     I    to  prevent  accident  1 

W  can  cut  24  stiol  ( 

J I      1  1  I  nug  11  e   last  h  11 

c  t  1  c  lb  tl  c  iL  k  1 1  1  ct  so  lUustiative  of 
a  M,  y  1  igh  state  of  end  zat  on  thit  most  of  oui 
n  afh  1  OS  1  avp  1  ad  imp  csscd  uj  on  them  the  clniac 
ter  of  self-acting  engines.  Nothing  shows  more 
strikingly  the  supremacy  of  intellect  than  an  arrange- 
ment of  brate  matter  capable  of  performing  mental 
operations  with  unerring  precision.  The  analytical 
engine,  by  Mr.  Babbage,  and  the  self-acting  spinning- 
mule,  belong  to  this  class ;  to  whieh  we  may  also  add 
Mr.  Simms's  self-acting  circular  dividing-engine. 

Although  Troughton's  engine,  just  described,  was 
a  great  impiovemeut  on  its  predecessors,  yet  it 
required  the  constant  attention  of  a  skilful  operator. 


at  a  great  sacririce  both  of  time  and  of  health,  the 
effect  of  which  was  to  add  considerably  to  the  cost  of 
the  instrument.  Mr.  Simms  (of  the  firm  of  Trough- 
ton  and  Simms)  therefore  detemiincd  so  to  arrange 
the  engine  as  to  bring  it  under  the  yoke  of  some 
external  moving  power,  such  as  a  descending  weight, 
a  steam-engine,  or  a  boy  tummg  a  winch,  and  luiving 
performed  its  work  of  dividing  an  instrument,  to 
throw  itself  out  of  gear.  The  accompanying  steel 
engraving  represents  au  elevation  of  this  eneiue, 
showing  the  apparatus  for  moving  the  engine-plate, 
and  for  cutting  the  divisions,  together  with  the  man- 
ner in  whieh  tlieir  operations  are  connected;  and  the 
following  description  will  show  in  what  respects  it 
diifers  fro  i  E  Tioughton  s  eng  ne  jubt  descubed  m 
HP 

I  looi  engine  ]  life  b    I  II         1 

\f     Islay  and  Titl  1      1 
1       liai     it  being  so  !  1 

c  tL  L  1  1  y  the  axis  ol  the  m  ti  -i  tnt  t:)  b  h\  k  1 
and  the  v\oik  thus  bioinht  down  to  beai  upon  the 
sui face  of  tl  c  e  igiiie  \  1  dc  In  foimei  cases  it  was 
1  cisbaiy  eithci  to  divide  the  instiun  ent  o/- (7;; «///, 
vv  Inch  on  account  of  the  expense  was  seklo  1  done , 
01  to  sepaiate  the  pit  utti  ded  to  leceive  the  di\ 
sions  fiom  its  axis  and  cmtiguous  paits  m  which 
state  alone  eo  ild  it  be  placed  upon  the  engine  The 
da  gci  of  detach  ng  the  inatiument  fiom  its  centre 
and  fian  ing  is  tint  when  icfia  led  theie  is  ficquently 
a  sensible  excentucitj  that  is  the  centie  of  the 
divided  cuclo  is  not  in  the  axis  of  lotation  This 
howevei  does  not  lead  to  eiioi  if  tv^o  01  moie  oppo 
site  leadm  1  ed  Tl  e  gicat  dnigei  is  dibtoition 
of  the  0  II  I    1    cut  IS  again  put  to 

gell  ei       \  1  1     b  IS  only  pait  of  a 

ciiele  CHOI  of  exeentueity 

may  bcc  '       idmg  the  eaie  of  the 

artist     In  tl     [ic      t  c  thcbe  difficulticb  aie 

obviated  as  ali^ady  stated  b  not  disnouuting  the 
1  istrument 


Fig.  1 107  is  a  section  of  the  engine-plate  and  centre. 
In  order  that  it  may  serve  for  all  eases,  the  plate  «  is 
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made  to  coincide  exact 
the  plate.    Sir,  1  , •,,!..,  ^ 

ring    C,    whirl,     1;,^     ;i     ; 

around  which  a  cud  n 
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a  weight  the  inertia  of  the  machine ;  but  this  has 
proved  unnecessary.  The  centre  terminates  in  a  steel  ; 
point,  and  turns  in  a  collar  of  steel  d,  fitted  into  the  j 
centre  of  a  massive  tripod  by  which  the  machine  is 
supported. 

On  the  surface,  and  not  far  from  tlie  edge  of  the 
engine-plate,  are  two  sets  of  divisions  to  spaces  of 
5  minutes;  one  upon  a  ring  of  silver,  with  fine  lines 
for  microscopic  purposes,  and  the  other  upon  the  gun- 
metal  face,  cut  strongly,  so  as  to  be  easily  seen  with- 
out the  assistance  of  a  lens.  There  are  also  as  many 
teeth  upon  the  edge  as  there  arc  divisions  upon  the 
face  of  the  cnginc-plate,  viz.  4,320;  so  that  one 
revolution  of  the  endless  screw  moves  the  circle 
througti  a  space  of  5  minutes.  The  circle  was  divided 
w  ith  extreme  care ;  the  first  computation  of  the 
errors  of  the  original  points  being  merely  made  use 
of  for  the  insertion  of  a  second  series  of  points,  the 
errors  of  wliich,  although  exceedingly  minute,  were 
measured,  computed,  and  tabulated  in  like  manner; 
and  from  this  second  series  the  divisions  were  cut. 
The  edge  was  ratched  with  a  single  circular  cutter 
mounted  in  the  endless  screw-frame,  and  as  each 
division  in  order  was  brought  to  coincide  with  the 
wires  of  a  powerful  microscope,  the  cutter  was  en- 
lered,  and  3  circulations  of  the  engine-plate  completed 
the  work. 

The  cutting  apparatus,  is  showai  at  b  in  the  steel 
engraving,  partly  in  section,  and  separated  from  its 
supports  and  other  parts  which  conceal  it  in  the  en- 
gine :  e  and  /  are  the  two  members  of  the  cutting- 
frame  (which  is  similar  to  Huidlcy's  as  described  in 
Troughton's  engiue),  but  the  tail  of  /  is  prolonged 
in  order  to  carry  the  counterpoise  ff,  by  which  the 


pressure  of  the  point  upon  th 
the  depth  and  width  of   ' 
and  also  that  the  rev 
nately  lift  the  point   i 
descend  >i[ion  it  to  '  '  ' 
an   imdul;,f-:L-   r,:,,. 
long  an,l     'r 
tobecL:,,:u    ;  ;, 

tureofth,;  \^    ,;.  ;    :!■ 

u  division  tc 


iiid  consequently 
are  determined, 
'^  /;  may  alter- 
.1  allow  it  to 
'  !s  a  plate  with 


utcd  is 


lade  u 


5',  where  the  third  and  sixth 
lines  have  not  only  to  be  distinguished  from  the  inter- 
mediate arcs,  but  also  from  each  other,  by  their  length. 

;,.:';.  :'•■■■.  i  :i  ' ''  '  .!_■  '1'  ':  '  ■•■,  ;iiid  the  other 
;i.-M..,    _i    .-:  I,;.   L  .iii  ■  .  i  ,    *. ..  i , ; : --Ir.inie,  coutact 

axis  of  h  acts  in  a  wheel  upon  the  axis  of  i;  and 
these  are  so  proportioned  that  h  makes  G  revolutions 
to  1  of  /,  a  proportion  that  answers  for  5',  10',  15',  or 
20',  upon  the  cucle  under  graduation,  by  varymg  the 


plate  (.  Now,  supposing  a  division  to  have  just  been 
cut,  and  the  excentric,  by  its  revolution,  to  be  about 
to  lift  the  point  from  the  work  :  this  having  been 
done,  the  end  m  of  the  bent  lever  descends  the  in- 
clined plane,  and  the  cutting  point  is  thereby  allowed 
to  return  from  n  toward  o :  in  due  time  the  motion 
of  the  excentric  allows  the  poiit  again  to  descend 
upon  the  work  :  the  lifting  of  the  end  m  of  the  lever 
by  the  next  advancing  protuberance,  and  the  con- 
sequent pressure  of  the  other  extremity  against  the 
front  of  the  cutting-frame,  causes  another  division  to 
be  cut.  The  respective  lengths  of  the  divisions  are 
obviously  regulated  by  the  radii  of  the  several  pro- 
jections on  the  edge  of  the  plate.  This  cutting 
apparatus  is  connected  with  the  endless  screw  for 
working  the  engine-plate  by  means  which  arc  shown 
in  plan  in  Fig.  c,  and  in  perspective  in  Fig.  a,  of 
the  steel  engraving.  In  c,  h  represents  tlie  axis  of 
the  excentric;  p,  a  pair  of  bevelled  wheels  lilted  to 
a  box,  which  slides  along  the  bar  q,  in  order  that  the 
cutting  point  may  be  adjusted  to  the  required  radius, 
and  for  the  same  purpose  the  bar  r  consists  of  2  tubes, 
sliding  within  each  other,  and  capable  of  being  fixed 
at  any  point  by  means  of  an  external  clamp.  Another 
pair  of  wheels,  at  s,  changes  the  direction  of  the 
motion,  which  now  becomes  parallel  to  the  endless  or 
engine-screw,  and  the  shaft  to  which  the  last  bevelled 
wheel  is  attached  is  turned  by  the  external  machinery. 
Each  extremity  of  the  shaft  I  v  terminates  in  a  crank : 
that  at  the  end  (  is  connected  by  the  eye.  Fig.  d, 
to  the  cord  coiled  round  the  spii'al  barrel,  and  thus 
communicates  its  motion  to  the  endless  screw ;  the 
other  merely  raises  a  weight,  which,  in  its  ascent, 
checks  the  accelerating  tendency  of  I  during  the 
return  of  the  ratchet-wheel,  and  in  its  descent  acts 
as  an  auxiliary  in  giving  motion  to  the  endless-screw, 
thereby  preserving  uniformity  throughout  the  whole 
action,  which  would  otherwise  be  unequal  and  inter- 
rupted. The  spiral  barrel  and  ratchet-wheel  are 
similar  to  those  described  in  Troughton's  engine. 
The  wheels  at  p  are  drawn  in  Fig.  a,  of  equal 
size,  in  which  form  they  serve  for  graduation  into 
spaces  of  5',  which  is  the  most  usual  upon  work 
where  the  subdivision  is  effected  by  reading  micro- 
meters, and  also  in  many  cases  where  verniers  are 
used.  For  other  spaces  these  wheels  must  be  pro- 
portioned, or  the  same  thing  may  he  effected  by 
increasing  the  leugth  of  the  crank. 

In  the  steel  engraving  all  the  essential  parts  are 
given,  which  serve  for  moving  the  engine-plate,  and 
for  cutting  the  divisions.  A  is  a  branch  of  a  strong 
well-braced  stand  of  wood,  upon  which  the  whole 
machine  is  placed,  b  b,  the  metallic  tripod,  in  the 
centre  of  which  the  engine-plate  turns,  and  to  which 
all  the  superior  parts  of  the  machine  are  firmly 
attached,  c  c,  the  endless-screw  frame,  which  tui'ns 
upon  finely  polished  steel  pivots.  The  screw  is  kept 
in  contact  writh  the  edge  of  the  engine-plate  with 
a  proper  degree  of  pressure  by  a  spiral  spring  acting 
under  the  lever  «r,  and  can,  when  necessary,  be  dis- 
charged from  action  by  the  screw  opposed  to  it. 
D  D  are  portions  of  the  engine-plate,  and  E  represents 
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a  hoop  of  iiiahoganj  by  wliicli  it  is  surrounded,  and 
its  edge  protected  from  injury,  u  h  arc  parallel  bars, 
to  whicli  the  cutting  apparatus  is  fastened.  (Sri  ilsu 
Fig.  c.)  p,  q,  r,  s,  and  t,  exhibit,  as  bih  :r, 
parts  connecting  the  motion  of  the  cuim 
with  that  of  the  endless-screw;  but  in  1:^  mI 
engraving,  the  crank,  and  its  connexion  witli  the  cord 
wound  round  the  spiral  barrel,  are  more  clearly  shown 
than  in  the  figure,  where  they  are  represented  only  in 
plan.  The  eye  (Fig.  d)  by  which  this  comiexion 
is  made,  consists  of  2  pieces,  one  to  fit  upon  the 
crank,  and  the  other  to  fasten  to  the  cord:  these 
parts  are  kept  together  by  spiral  springs,  which  by 
their  elasticity  prevent  the  jerk  that  would  otherwise 
be  given  at  each  revolution  of  the  crank.  This  part 
is  also  clearly  shown  in  the  steel  engraving,  k  is  the 
weight  comiected  with  the  crank  v ;  the  opposing 
weight,  or  that  to  which  the  cord  proceeding  from 
the  spiral  barrel  is  fastened,  is  within  the  framework 
of  the  stand:  the  cord,  in  its  progress  towards  it, 
passes  over  the  pidley  .r,  and  also  over  another  pidley 
within  the  stand. 

A  pair  of  plates,  with  serrated  edges,  is  shown  at 
y :  these  plates  ^erve  to  establish  the  comiexion  bc- 
t-A<<:i  III'  (11.  11  within  the  apartment  and  the 
lii:  ■    :     I      \\iihout.     One   of  the  plates  is 

t  I    '  '  '  I      .  'ii'ler  s,  which  passes  through  the 

v,:ai  (jI  ii.c  aiM.'.uieut,  and  the  other  can  be  thrown 
in  or  out  uf  action  by  the  handle  i ;  so  that  the  con- 
nexion can  be  made  and  broken  in  a  moment. 

The  method  by  which  the  engine  can  discharge 
itself  from  action,  when  it  has  completed  its  work, 
remains  to  be  noticed.  Against  the  handle,  I,  a  sprinj,' 
is  made  to  exert  a  pressure,  the  tendency  of  which  is 
to  detach  the  engine  from  the  external  machinery  : 
this  is  opposed  by  a  trigger  turning  on  very  delicate 
centres,  and  carrying  a  friction-roUer  at  its  other 
extremity.  Upon  the  engine-plate,  a  small  well- 
polished  wedge  is  fastened,  which,  as  it  cirenlale?, 
passes  under  the  friction-roller,  which  it  lilt-,  :ii::l 
consequently  discharges  the  bolt  at  the  otliei  rMi.  . 
mity.  This  apparatus  of  course  requires  eairiul 
adjustment  before  the  operation  of  dividing  coin- 
In  the  year  1S31  Mr.  Andrew  Ross  received  the 
Gold  Isis  Medal  and  fifty  guineas  from  the  Society  of 
Arts  for  his  improved  metliod  of  dividing  instruments, 
and  for  his  circular  dividing-engine.  We  regret  that 
we  cannot,  within  our  limits  of  space  and  illustra- 
tion, do  more  than  give  a  general  idea  of  the  prin- 
ciple of  this  engine.  To  do  full  justice  to  it  woidd 
require  us  to  copy  the  uumerous  illustrative  en- 
gravings which  accompany  Mr.  Ross's  paper  in  the 
4Sth  volume  of  the  Society's  Transactions. 

It  will  be  remembered,  that  in  Rarasden's,  and  also 
in  Troughton's  engine,  the  circle  which  carried  the 
instrument  to  be  graduated  was  moved  round  by  the 
teeth  of  an  endless  screw  working  in  corresponding 
notches  cut  in  the  edge  of  the  circle,  and  the  endless 
screw  was  made  to  turn  on  its  axis  by  a  catgut  band 
passing  round  a  spiral  in  the  same  axis,  and  fastened 
below  to  a  treadle  which  was  worked  by  the  foot. 


Mr.  Ross  objects  to  the  serrated  cylindrical  screw  on 
aecount  of  the  great  pressure  required  being  mcon- 
•:  i'  ii(  with  those  delicate  operations  so  necessary  to 
«  y  in  such  a  machine;  and  he  also  thinks  t' 
iii'.ns  in  density  in  the  steel  screw,  and  porosity 
:!!.'!  iiiher  inequalities  in  the  cast-metal  circle, 
likely  to  lead  to  error.  He  therefore  gets  rid  of  the 
driving  motion  of  the  screw,  and  obtains  a  rotary 
motion  by  an  independent  apparatus :  Le  can  also  stop 
the  circle  at  its  precise  angular  position  by  the  con- 
tact of  plane  and  spherical  surfaces  of  hardened  steel. 
A  more  steady  motion  is  given  to  the  circle,  and  it 
also  admits  of  being  so  adjusted  that  the  inequalities 
produced  by  the  wear  of  the  parts  may  be  obviated. 

The  circle  c,  Pig.  1108,  turns  on  its  centre  on  a 
vertical  axis,  the  lower  extremity  of  which  rests  u: 
a  cup  at  one  end  of  a  lever,  and  a  counterpoise 
being  hung  at  the  other  end,  the  axis  is  thus  pressed 
upwards  and  diminishes  the  pressure  of  the  circle  on 
the  rectangular  cast-iron  frame  which  supports  it, 
a  portion  of  which  is  shown  at  A  B.  Around  the 
circle  are  screwed  -IS  projections,  a  a,  through  ■nliich 


are  passed  capstan-headed  screws  parallel  to  the  plana 
of  and  tangent  to  the  circle.  The  ends  of  the  screws 
are  hardened  and  ground  flat  and  square  to  the  axis, 
and  the  screws  themselves  may  be  fixed  in  any  posi- 
tion by  means  of  tightening  screws.  At  one  end,  a,  of 
the  rectangular  frame,  a  sliding  apparatus  carries 
a  cylinder,  d,  turning  on  a  horizontal  axis :  on  the 
surface  of  this  cylinder  is  a  worm,  or  spiral  projection, 
b  b,  which  enters  between  the  projections  a  a,  and 
the  distance  between  the  two  turns  of  the  spiral  is 
rather  greater  than  the  breadth  of  one  of  the  projec- 
tions, a.  A  number  of  steel  screws  pass  through  the 
spiral  thread;  and  the  ends  of  these  screws  are 
turned  in  the  fomi  of  hemispheres,  so  that  after  every 
movement  of  the  circle  c,  and  of  the  spiral  b  h,  the 
engine  is  held  in  a  state  of  rest  by  the  abutment  of 
the  hemispherical  end  of  one  screw  aganist  the  flat 
end  of  the  other.  On  the  outer  rim  of  the  eiiclc  c, 
below  the  projections  «,   is  a  sroove   in  which  an 
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endless  catgut  band,  g  h,  passes  roimd,  raoviug  ovi 
pulleys ;  first  over  c,  a  fixed  puUcy ;  then  under 
movable  pulley,  from  which  is  suspended  a  weight,  i 
it  then  passes  above  the  machine  to  a  notch  si  d  m 
the  direction  d  d.  Four  pillars,  of  which  m  m  are  two, 
rising  from  the  frame  a  b,  siipport  a  stage  which 
carries  the  cutting  apparatus,  and  this  is  so  formed 
with  joints  as  to  allow  the  tool  to  be  moved  up  or 
down,  or  in  the  dii-ection  of  a  radius  of  the  circle  c, 
but  not  on  either  side  of  that  radius :  there  is  also 
a  contrivance  for  determining  the  length  of  the  lines 
of  division.  By  moving  one  end  of  a  lever  at  the 
opposite  extremity  of  the  frame  a  b,  a  bar,//',  which 
is  attached  at  one  end  to  that  lever,  gives  motion  to 
a  catch  or  click  so  as  to  cause  a  ratcliet-wheel  to  tm-n 
on  its  axis,  and  thus  give  the  requisite  movement  to 
the  cutting  tool :  the  other  extremity,/,  of  the  bar, 
by  turning  a  lever  on  a  hoiizontal  axle  containing 
within  it  the  axle  of  the  cylinder  d,  allows  a  catch  or 
click  to  turn  a  ratchet-wheel  on  the  latter  axle,  and, 
with  it,  the  cylinder  itself ;  and  thus  a  side  of  the 
spiral  projection,  b  b,  is  removed  a  little  way  from 
its  position  when  in  contact  with  one  side  of  a  pro- 
jection, a.  The  first  lever  being  moved  back  again, 
a  spring,  which  had  previously  pressed  against  the 
catgut  band,  is  drawn  off;  and  thus,  one  of  the 
weights  K,  by  drawing  down  the  band  and  pulley 
above  it,  gives  a  small  movement  to  the  cii-cle  c,  and 
brings  the  side  of  a  projection,  a,  again  in  contact 
with  the  side  of  the  spii-al.  According  to  the  place 
at  which  the  bar  //'  is  applied  to  the  lever  on  the 
axle  of  D,  the  catch  may  pass  over  any  required  num- 
ber of  the  teeth  of  the  ratchet-wheel,  and  thus  the 
circle  c  may  be  turned  through  any  angle"  consistently 
with  the  values  of  the  divisions  intended  to  be  cut. 

The  original  divisions  on  the  circle  c  are  made  on 
silver  studs  let  into  its  sm-face,  and  the  screws  passing 
through  aa,  bb  are  so  adjusted  by  means  of  their 
capstan-heads,  that  if  the  end  of  a  screw  in  i  4  is  in 
contact  with  the  screw  in  any  one  of  the  projections 
a,  cue  complete  revolution  of  the  spiral  b  b  may  bring 
the  end  of  the  screw  in  the  next  projection,  a,  in  con- 
tact with  the  same  screw  in  the  spiral.  The  corre- 
sponding movement  in  tlie  circle  is  equivalent  to  the 
interval  between  two  of  the  original  graduations ;  -ind 
the  movement  is  verified  by  the  primitive  divisions 
coming  successively  to  a  wii-e  in  a  microscope. 

3.  Origuml  graduation. — We  now  come  to  notice, 
very  briefly,  the  art  in  its  highest  order,  an  art  which 
for  ages  was  carried  on  in  secrecy  and  silence  by  men 
of  science  as  well  as  by  artists.  It  has  been  described 
as  one  of  the  nicest  operations  of  manual  labour,  in 
which  few  are  qualified  to  succeed :  indeed,  the 
importance  of  the  art  may  be  estimated  from  the 
high  consideration  in  wliich  the  successful  artist  is 
held  by  those  who  are  qualified  to  appreciate  his 
labours.  Tlie  engines  described  in  the  last  section 
are  mere  copying  engines,  and  we  believe  it  is  not 
di'cidcd  whether  circles  from  the  same  engine  are  fac- 
similes. But  the  work  of  original  graduation  is  so 
arduous,  that,  as  Mr.  Simms  remarks,  "  to  copy  the 
divisions  from  a  circle  of  large  diameter  which  had 


been  graduated  with  extraordinary  caie,  upon  work  of 
smaller  dimensions,  would  in  general  be  more  satis- 
factory than  original  graduation.  The  latter  process 
consists  of  several  successive  steps,  in  any  or  aU  of 
which  a  certain  amount  of  error  may  escape  detec- 
tion. In  general,  such  errors  go  far  to  balance  one 
another ;  but  there  will  be  parts  in  almost  every  work 
where  faults  of  graduation  appear  which  can  only 
arise  from  an  accumulation  of  minute  errors." 

The  earliest  methods  of  dividing  of  which  any 
detailed  account  is  given,  are  those  by  Hooke  and 
Homer.  Hooke's  method  consisted  in  racking  the 
edge  of  his  quadrant  with  an  endless  screw,  and  to 
use  the  revolutions  and  parts  of  the  screw  as  a  divi- 
sion ;  but  this  method  was  found  in  practice  to  be 
very  defective  unless  checked  and  corrected  by 
independent  divisions.  Homer's  method  was  stepping 
a  fixed  distance  throughout  the  whole  of  his  arc,  the 
distance  being  so  proportioned  to  the  radius  of  the 
arc,  that  it  was  very  nearly  equal  to  one  of  the  smaller 
divisions  reqnii'ed,  the  total  length  of  the  arc  being 
in  this  case  disregarded,  as  any  number  of  divisions 
were  converted  into  degrees  and  minutes  by  a  table 
calculated  for  the  purpose. 

Ilindley's  method  was  nothing  more  than  an  ori- 
ginal, highly  ingenious  method  of  stepping.  It  is 
described  in  the  following  letter  which  he  addressed 
to  Smeaton  on  the  14th  of  November,  1748 ;  and  the 
reason  why  it  was  not  published  until  1786  was,  that 
Hindley  entrusted  it  as  a  secret  to  Smeaton.  He 
says  : — "  First  choose  the  largest  number  you  want, 
and  then  choose  a  long  plate  of  thin  brass :  mine  was 
about  1  inch  in  breadth  and  8  feet  in  length,  which 
1  bent  like  a  hoop  for  a  hogshead,  and  soldered  the 
ends  together,  and  turned  it  of  equal  thickness  upon 
a  block  of  smooth-grained  wood,  upon  my  great  lathe, 
in  the  air,  (that  is,  upon  the  end  of  the  mandrel) : 
one  side  of  the  hoop  must  be  rather  wider  than  the 
other,  that  it  may  fit  the  better  to  the  block,  which 
will  be  a  short  piece  of  a  cone  of  large  diameter : 
when  the  hoop  was  turned,  I  took 
it  off,  cut  and  opened  it  straight 
again.  The  next  step  was  to  have 
a  piece  of  steel  bent  into  the  form 
as  per  margin,  [Fig.llOO,]  whicli  had 
two  small  holes  bored  in  it  of  equal 
bigness,  one  to  receive  a  sm;Jl  pin, 
and  the  other  a  drill  of  equal  size. 
I  ground  the  holes  after  they  were 
hardened,  to  make  them  round  and 
smooth.  The  chaps  formed  by  this 
steel  plate  were  as  near  together  as 
just  to  let  the  long  plate  through. 
Being  open  at  om-  ri.il,  lin  r  ..i.s 
so  formed  would  s|i:i u    x  '.  .  I 

would  press  the  l"ii-  ;     ' '  ' •) 

setting  in  the  vice.  Thru  i  |.tii  il;;  long  plate  to  a 
right  angle  to  the  length  of  the  steel  chaps,  and  bored 
one  hole  through  the  long  plate,  into  which  I  put  the 
small  pin ;  then  bored  through  the  other  hole ;  and 
by  moving  the  steel  chaps  a  hole  forward,  and  putting 
in  the  pin  in  the  last  hole,  I  proceeded  till  I  had 


GRADUATION. 


divided  the  whole  length  of  the  plate.  TIic  next  thing 
was  to  make  this  into  a  cirelc  again.  After  Ihf  plate 
was  cut  off  at  the  end  of  the  intended  euiii!)^  ; ,  I :  :,i  u 
proceeded  to  join  the  ends,  which  I  did  tlui-     I  ! 

2  narrow  short  brass  plates  as  I  did  the  loll- <  ; 

put  one  on  the  inside  and  the  other  on  tlu;  < •■•'.<  ■  "t' 
the  hoop,  whose  ends  were  brought  together;  imd' 
put  2  or  3  turned  screw-pins,  with  flat  heads  and  nuts 
to  them,  into  each  end,  which  held  them  together  till 
I  riveted  two  little  plates,  one  on  each  side  of  the 
narrow  jilate,  on  the  outside  of  the  hoop.  Tiicn  I  [ 
took  out  the  screws,  and  turned  my  block  down  tiU 
the  hoop  woukl  fit  close  on;  and  bv  tli:it  incaus  my 
right  line  was  made  into  an  ei\\r.A  iLimLJ  mrli  nf 
what  number  I  pleased.  The  eum.M  ,       -      . 

the  face  of  the  block,  with  a  steel  h' .  ,  . 
to  bore  through ;  and  I  had  a  p>iiui  it.ii  Mi.i,,i  lul 
into  the  holes  of  the  divided  hoop;  so  by  cutting 
shorter,  and  turnmg  the  block  less,  I  got  all  the 
numbers  on  my  plate.  I  need  not  tell  you  that  you 
get  as  many  prime  numbers  as  you  please  ;  nor  that 
the  distance  of  the  boles  in  the  steel  chaps  must  be 
proportioned  to  the  length  of  the  lioop." 

Graham  was  the  first  to  point  out  the  fuudamenl  al 
principle  of  original  graduation,  viz.  that  you  can 
divide  a  given  line  accurately  into  two  parts,  but  not 
into  3  or  5  equal  parts.  "  If  a  line  or  an  arc  is  to  be 
bisected,  the  points  of  the  beam-compass  are  placed 
««^/-//  at  the  dislavice  of  half  the  line,  or  the  chord  of  , 
half  the  are  between  the  dots.  One  point  is  placed  in 
one  dot,  and  a  faint  arc  is  struck  with  the  other  point 
towards  the  distant  dot,  and  this  operation  is  iv;  .  ,1^1 
with  the  second  dot  as  a  centre.  The  two  (..'. 
will  eitl'.er  include  a  small  space,  or  hn\r 
space  between  them,  which  can  be  most  ijci  i  .^  ';. 
divided  v/ith  a  pointer  by  the  hand,  aided  by  a  iii;igni- 
fying  lens." 

The  Due  de  Chaxilnes,  after  perfecting  the  micro- 
meter-microscope for  reading  off  the  divisions  of 
astronomical  instruments,  first  showed  bow  it  might 
be  used  in  actual  dividing.  Two  microscopes,  having 
cross  wires  in  the  foci  of  their  eye-glasses,  were  fixed 
to  a  frame,  and  considered  as  the  poir.ts  of  a  pair  of 
beam-compasses :  these  were  extended  to  a  diameter  of  i 
the  circle,  and  two  temporary  pieces  of  brass,  with  [ 
divisions  on  them,  were  attached  to  the  circle  by 
means  of  wax  beneath  the  microscope,  so  thii  ilu 
divisions  bisected  the  crosses  in  them :  the  (in 
then  moved  half  round,  and,  if  required,  tlu  |  .  ,  ,i 
of  the  micrometers  and  pieces  of  brass  was  euanyni, 
and  the  operation  repeated,  until  they  were  diame- 
trically opposite.  A  cutting  point  was  then  placed 
over  one  division,  and  a  fixed  microscope  over  the 
other,  so  that  when  any  division  was  brought  to  bisect 
the  cross  in  the  microscope,  the  cutting  point  made 
one  diametrically  opposite.  By  the  process  of  trial 
and  adjustment  with  bisections  and  trisections,  the 
circle  was  divided  into  spaces  of  10° :  then,  by  ob- 
taining the  arc  of  9°  by  trial  in  the  arc  of  180°,  the 
circle  can  be  divided  into  spaces  of  1°,  and  by  similar 
means  into  smaller  spaces  if  required. 

Ranisden  appreciated  the  advantages  of  the  micro- 


meter-microscope, and  used  it   for 


rc//i/j/  ('■.  \\  I    V.  il!  suppose  th;it  :i  circle 

is  to  br  111  ,1  _  'r. .  After  the  edge  of  the 
circle  is  mi;.  >  ...:.i,;,  nini.d  upon  its  own  centre, 
a  small  ciicul.n  lulicr,  lij  icvulutions  of  which  carry 
it  exactly  round  the  circle,  is  prepared  and  so  fitted 
to  the  circle  by  a  radial  frame  joining  the  two  cen- 


microbCupe  a  flue  round  dot  is  marked  iipi'n  the  circle, 
which  thus  receives  an  approximate  division  into 
256  (or  28)  equal  parts.  Troughtou  expected,  that 
as  the  roller  could  be  carried  round  tlie  circle  any 
number  of  times  without  over  or  undcr-lappiug,  it 
would  also  mark  out  equal  portions  at  each  revolu- 
tion ;  but  he  found  hiiiisilf  mistaken,  and  he  thereiure 
,,:..,  ,.,!r,|  i:,,x,u,,i  „  ,1,.  Jnis  optically.  Twomicro- 
\    1   i  ,  /      I    iii'ivc  the  circle,  nearly  in 

:i  .'  .  :    ,  1    1.1  nil  h  are  to  determine  the 

diM_.uu.  u  .I'll  ivi  11-  bisected  by  them.  The 
circle  is  then  turned  half-ruuud,  and  dot  180°  brought 
under,  a  ;  if  0°  at  the  same  time  falls  exactly  under  B, 
the   points   are   diametrically  ojipnsite,    if  not,    the 


diich   the   1 
over  dot  i; 


s  of 


'-'.V,  and  315°,  are 

ii  this  is  exactly  Graham's  principle 
ibcction,  only  using  an  optical  beam- 
1  of  one  with  points,  and  registering 
le  dots  instead  of  cutting  actual  divi- 


ililr. 


J    il'. 


that  the  arc  from  0^  to  1SU=  was  Icos  than  the  arc 
from  180°  to  360  by  20",  he  would  conclude  that  the 
dot  180°  was  10"  behind  its  ti-ue  place.  Again,  let 
the  arc  from  dot  0°  to  dot  90°  exceed  the  arc  from 
dot  90°  to  dot  180°  by  30".  If  180°  were  right,  90^ 
wovild  be  too  forward  by  15";  but 


he  5"  behind  [fc 
will  be  10"  too 
of  the  256  dots 
returned  to  the 
which  revolved 


,'-ill,  r 


for« 


s  account  alone 
,  ,  .ui  the  whola 


GRAIN-GRANITE. 


scale,  enabling  him  at  the  same  time  to  reduee  the 
division  into  256  parts  into  360°  nieehanically,  pro- 
ceeded to  cut  the  actual  divisions  on  the  circle. 
....  It  is  not  worth  while  to  divide  a  circle  origi- 
nalli/  which  is  less  than  2  feet  in  diameter.  Very 
great  care  must  be  taken  that  the  pivots,  on  which 
the  circle  turns,  shall  be  peifeotly  true  and  sound. 
The  circular  line  to  be  divided,  and  the  rim  on  which 
the  roller  moves,  are  respectively  drawn  and  turned 
from  these  pivots,  and  the  figure  of  neither  i-  a  ( ';- ' 
unless  the  pivots  be  so.  The  large  culi  >i  i 
mural  circle  on  which  the  rim  is  turned  i^  -; 
and  several  inches  in  diameter.  It  oftni  liap]"  ll^ 
that  hard  knots  occur  in  the  steel  which  oicliuary 
tools  will  not  touch,  and  it  would  be  prudent  in  the 
artist  to  perform  the  finislimg  part  himself  with  a 
diamond." 

GRAIN,  (from  ejmiuim,  a  seed,)  an  old  measure  of 
\i  eight,  the  smallest  of  those  in  use  :  it  is  about  the 
weight  of  a  seed  of  wheat-corn.  By  a  statute  of 
Edward  III.  (a.d.  1266,)  it  was  enacted  that  32 
grains  of  wheat  taken  out  of  the  middle  of  the  ear 
aud  well  dried,  should  weigh  a  pennyweight,  of  which 
20  should  make  an  ounce,  of  which  12  should  make  a 
pound.  The  pound  troy  of  this  period,  therefore, 
consisted  of  7,680  grains ;  but  that  afterwards  adopted 
had  only  5,760,  because  the  pennyweight  came  to  be 
divided  into  21  instead  of  32  grains.  [See  Weights 
AUD  Measures.] 

"  The  weight  of  one  grain  is  obtained  for  practical 
purposes  without  difficulty,  by  weighing  a  thin  plate 
of  metal  of  uniform  thickness,  and  cutting  out  by 
measurement  such  a  proportion  of  the  whole  plate,  as 
should  give  one  grain.  But  a  much  better  plan  is,  to 
draw  a  given  weight  of  ductile  metal  into  very  thin 
wire,  and  to  cut  from  the  wire  that  length  which  i-, 
the  same  proportion  of  the  wliole  length  as  a  grain 
is  of  the  whole  weight.  In  this  way  pieces  of  wirr 
are  obtained  for  chemical  purposes,  which  weigh  only 
the  thousandth  part  of  a  grain;  and  even  less  weights 
might  be  obtained  if  it  were  necessary." 

GRANITE.  The  composition  and  varieties  of 
granite  will  be  given  in  the  Appendix,  the  present 
article  being  chiefly  devoted  to  some  particulars, 
as  to  the  mode  of  extracting  aud  working  this  valu- 
able substance,  and  its  use  as  a  building  material 
and  for  ornamental  purposes.  Strange  to  say,  the 
systematic  use  of  granite  in  these  islands  is  com- 
paratively recent.  The  rounded  outlying  masses  of 
granitie-rock  which  were  found  on  the  surface,  were 
long  employed  both  in  Aberdeen,  and  at  Dartmoor, 
(our  two  great  depositories  of  granite,)  for  building 
purposes;  but  until  1730  in  tlie  former  case,  and 
1S20  in  the  latter,  the  squaring  and  dressing  of  this 
intiactaljle  material,  and  the  opening  of  quarries  to 
obtain  a  larger  supply,  had  been  scarcely  thought  of. 
The  first  building  of  any  large  size  erected  in  Aber- 
deen witli  dn-  r,l  (,r  >,y\  i:r,l  stoues  of  granite,  was 
Gordon's  li  i  .  -  .  a v.l  in  1730;  and  even 
m  this  CUM  :  miployed  to  form   the 

lintels  and   1;,>   :.-        Tl.    :,  ud  peojjle  of  Aberdeen 
were   not   fully    alive    to    the    value    of  the   rough 


material  so  plentifully  scattered  around  them,  until 
about  the  year  1760,  when  the  profits  arising  from 
its  conveyance  to  London  as  paving-stones  opened 
their  eyes  to  its  importance,  and  they  found  that  the 
surface-granite  could  not  meet  this  demand,  and  that 
quarries  must  be  opened  to  supply  it.  In  like  manner, 
the  detached  blocks  lying  about  on  Dartmoor  were 
used  in  the  neighbourhood  for  many  years  previous 
to  IS 20,  when  quarried  granite  was  first  brought  into 
i'l'  iiirket  by  the  Haytor  Granite  Company.  The 
1  :i!ur  quarry,  on  Dartmoor,  worked  by  this 
I  ny,  is  in  some  places  100  feet  high,  and  is 
\\  III  Lrd  in  benches,  or  like  a  huge  irregular  flight  of 
steps.  The  method  of  detaching  the  masses  of  granite- 
rock  from  their  natural  beds,'  is  first  to  determine  the 
points  of  least  resistance,  and  then  to  sink  holes  in 
those  points  vertically  or  inclined,  as  circumstances 
may  requii'e ;  the  diameters  of  these  holes  being 
regulated  by  the  mass  and  the  amount  of  resistance, 
and  their  depth  by  the  thickness  of  the  blocks  to  be 
detached.  The  holes  are  sunk  by  means  of  an  iron 
rod,  ending  in  a  chisel-shaped  edge  of  hardened  steel. 
The  rod  is  held  by  one  man,  who  changes  its  position 
after  every  blow  from  the  sledge-hammers  of  other 
men  who  stand  around.  These  holes,  when  suffici- 
ently deep,  are  charged  with  gunpowder,  for  the 
purpose  of  blasting  the  rock ;  the  ordinary  process  of 
tamping  confines  the  powder,  and  the  fuse  communi- 
cates tlie  blast.  This  operation  is  most  perfectly 
performed,  where  the  smallest  amount  of  powder  wiU 
remove  the  largest  mass  of  rock  with  the  least  break- 
age. Erom  three  to  five  thousand  feet  have  been 
removed  at  one  discharge.     [See  Quarky.] 

To  bring  these  rough  masses  into  shape,  lines  are 
drawn  at  the  phices  of  the  proposed  division,  and 
i.  I'  i  I  ,  .  :  I  ^-  them,  five  or  six  inches  apart,  and 
1  .  !irs  deep,  by  means  of  a  jumper. 

1         I  1 :  i'l  I  Idled  with  two  half-round  pieces  of 

ii'-n,  ijillLd  J'.uthcrs,  with  an  iron-pointed  wedge 
between  them,  aud  these  wedges  are  gradually  and 
equally  driven  until  the  stone  splits.  The  split  is  in 
general  tolerably  flat,  but  should  it  be  otherwise,  the 
large  projecting  portions  are  removed  by  boring  holes 
sideways,  and  again  using  the  feathers  and  wedges ; 
or  smaller  flakes  are  spalled  olf,  or  scaled  by  meajis 
of  axe-formed  hammers.  The  last  operation,  so  far 
as  the  quarry  is  concerned,  is  scahbling  the  surface 
with  heavy  pointed  picks.  The  blocks  are  then  ready 
for  the  mason.  A  process  not  unlike  this  is  adopted 
by  the  Chinese,  for  tlie  squaring  of  the  granite  in 
the  neighbourhood  of  Ilong  Kong.  The  granite  rock 
which  formed  the  crust  of  the  earth  near  the  main 
land  of  Cow-loon,  seems  by  some  tremendous  action 
from  below  to  have  been  raised  up  from  its  bed, 
riven  into  fragments  of  every  kind  of  shape  and 
dimension,  and  left  in  that  new  arrangement  to 
undergo  the  weathering  effects  of  the  atmosphere. 
In  the  course  of  time,  the  smaller  pieces  were  dis- 


integrated  iuto  a  quartzose  saud,  while  the  larger  I 
were  merely  rouuded  and  polislicd  by  tlic  same  action  ' 
which  reduced  their  fflln-;,  -  i-j.  .  ■.  ',;■.  T,ir_.  ;,i  .  is 
lie  embedded  iu  sand,  ■:.<  :     ^  ii 

allow  the  hewer  couv 111 :  ,  ;ii, 

hammer  and  wedges,  lli  :;  t  ui  ■.  i  l;iir  ir.  im  ans 
of  an  inky  thread,  which  he  inana-rs  willi  Ids  hand  1 
and  foot ;  then  makes  holes  along  the  line  about  a  i 
foot  apart,  by  means  of  his  hammer  and  chisel, — a  very 
slow  and  tedious  operation;  finally  he  inserts  ii-on 
wedges,  and  passes  three  or  four  times  from  one  end 
to  the  other,  driving  the  wedges  in  succession,  until 
at  length  the  hard  rook  yields  and  falls  asunder,  as  if 
it  were  only  a  piece  of  limestone.  A  block  thus  re-  t 
moved  is  cut  up  into  smaller  slabs  by  a  renewed  | 
application  of  the  hard  chisel  and  the  iron  hammer, 
the  wedge  and  the  iron  maul  or  beetle,  while  the 
irregularities   of  the   surface  are  beaten  off  in  the 

As  a  building  material,  the  granite  of  Aberdeen  is 
considered  the  best  which  our  island  affords.  Its 
light  bluish  white  tint  is  not  liable  to  be  atlVclcd  liy 
variations  of  weather,  and  when  highly  drcssnt,  its 
appearance  is  not  unlike  that  of  the  lust  wlii'i 
marbles.  It  is  remarkably  finc-i;i:i;ii  il.  -i  i  :,  i  i  ;■ 
account  is  of  greater  absolute  si ,   ,  i 

other  granites  wliieh  may  be  nioir  \  ,  .  i  ,  ,  i  ,  ,  , 
to  the  eye.  Magnificent  stones  ;is  il  i^jh.lU  ;i..i 
have  been  supplied  from  the  Aberdeen  quanics,  such 
as  the  pedestal  of  the  bronze  statue  of  the  Duke  of 
Bedford  in  Loudon,  and  the  columns  which  are  placed 
as  piers  in  the  vaults  of  the  Custom  House.  The 
price  of  granite  varies  with  the  size  of  the  block,  and 
such  stones  as  the  above  cost  in  their  rough  state  at 
the  quarries  from  five  to  eight,  and  iu  sonic  cases 
ten  shillings  per  cubic  foot.  Seven  hundred  thousand 
cubic  feet  of  squared  granite  were  supplied  by  the 
Aberdeen  quarries  for  the  docks  of  the  naval  arsenal 
at  Shcerness,  at  is.  llrf.  per  foot,  including  coasting 
duty.  The  tender  for  Aberdeen  granite  to  the  Fish- 
nionger's  Company,  when  tiieir  new  Hall  was  about 
to  be  erected,   was  to  deliver  it  in  London   at  the 


follov 


iig   pri 


i:-For 


cfoo 


mated  by  the  fact  tli.it    i  :  .  .  ,i'..    nf  the  best 

granite  required  a  I'lin  .      i    .  :,     ■,       .    tn  crush  it, 
which  force  was  supplirJ  U  ilio  l.^,Ju,.,uilic  press. 

The  Aberdeen  granite  has  now  to  sustain  great 
competition  with  that  of  Devonshire,  from  the 
quarries  of  the  Haytor  Company.  This  is  also  light 
of  tint,  fine  of  texture,  and  obtainable  in  very  large 
blocks.  A  stone  tramway  was  early  constructed  to 
enable  it  to  be  shipped  at  Teignmouth,  and  the  com- 
pletion of  the  Plymouth  and  Dartmoor  railway 
afforded  ready  transport  for  the  granite  of  the 
western  face  of  the  moor,  from  Foggintor,  and  other 
places  adjacent.  The  facilities  with  which  these 
quarries  are  worked,  are  therefore  very  great.  Strong 
timber  stages  with  travelling  frames,  and  upon  the 


frames  powerful  traversing  crabs,  have  been  con- 
structed, to  avoid  the  labour  and  delay  of  lifting  by 
the  ordinary  means  of  derricks  and  craues.  The  tra- 
velling frames,  with  the  crabs  upon  them,  can  be 
transferred  from  one  line  of  scaffold  to  another,  so 
that  power  may  be  accumulated  to  any  extent  on  one 
stage,  so  as  to  operate  on  blocks  of  extraordinaiy 
size.  And  such  can  be  obtained  from  these  quarries, 
the  horizontal  disposition  of  the  rock  allowing  of  the 
removal  of  stone  of  fair   forms,  rnid   nl'  \hr    l;ivi;ost 

size.     As  an  instance  of  the  ili:i   '   '•;.     i    h;  ! nr 

granite,  it  is  stated  that  a  sliil I.  .       i   i      i  u  rd 

as  a  foot-bridge  from  time  i...  m  n-s  i  i:.  in  lnuig 
turned  up,  exhibited  on  the  oilier  side  a  Koman 
inscription,  showing  it  to  be  at  least  two  thousand 
years  old. 

The  application  of  granite  and  porphyry  to  pur- 
poses of  ornament,  is  the  work  of  recent  times,  so 
far  as  modem  nations  are  concerned ;  but  those  who 
have  examined  the  saloon  of  Egyptian  antiquities,  in 


detail,  which  shows  how  well  the  material  is  fiUcd  to 
brave  the  attacks  of  weather,  and  of  still  ruder 
invaders.  The  idea  of  employing  the  chisel  on  such 
hard  and  nearly  imperishable  ii.i'i  li  ,'i  ,  :  i-i  r us  to 
have  originated  with  the  Eirvj     ■  i       ''■  of 

the  enormous  difficulties  witli\>  i>     :     ,   .  :  nMo 

contend,  they  have  snccecdi'd  m  L■i^^■J  ' m  ^-^  of 
expression  and  a  fleshy  appearance  to  the  features 
of  their  colossal  heads. 

In  modem  times,  the  best  works  in  porphyry  and 
granite  have  been  executed,  until  quite  recently,  by 
the  Swedes.  Their  success  in  the  fabrication  of 
vases,  slabs,  &c.  in  this  unpromising  material,  has 
made  them  cclebiatcd  in  Europe.  The  beautiful 
|iiiS'-ii'Mi,  :iiiil  lii-'i  (iiiish  of  the  porphyry  vase, 
I  i  i      ^  :     nave  of  our  Great  Exlii- 

(.,'     I,        .        ;  nf   the   sculptors.      The 

Swrj.  ,  :i;  ,  i  1.MM-..,  ,j  IV  I  ilijects  as  near  as  possible 
to  the  required  forin^  with  a  pick,  mount  them  in 
lathes  driven  by  water  power,  and  finish  by  gi  inding 
them  with  other  lumps  of  porphyry,  supplied  with 
emery  and  water ;  the  machinery  being  kept  in  action, 
with  fresh  gangs  of  men,  day  and  niglit. 

Some  fine  specimens  of  porphyry  may  be  seen  at 
the  Polytechnic  Institution,  Ecgent  Street.  Among 
others,  a  table  5  feet  10  inches  ri  m  i,:  .  r,  iv, fully 
inlaid  with  numerous  pieces  if  i  ■        I'lie 

table  stands  on  a  finely  fluted  |  ,  ;•  -nid 

that  the  whole  work  occupied  Ir  .  i  "  :i  i  r  i''  j  rrlod 
of  seven  years.  Two  splendid  porphyry  vases  five 
or  six  feet  high  are  to  be  seen  at  Chatsworth.  These 
were  presented  to  the  Duke  of  Devonshire  by  the 
Emperor  of  Russia,  as  a  specimen  of  a  flourishing 
manufacture  which  has  sprung  up  in  a  barren  valley 
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where  the  porphyry  was  found.  The  beautiful  por- 
phyry of  Coruwall  might  be  readily  couverted  into 
similar  articles  of  elegance. 

The  process  of  polishing  granite  is  more  tedious 
and  difficult  tlian  porphyry,  on  account  of  the  miequal 
hardness  of  the  particles.  Nevertheless,  of  late 
years,  numerous  vases,  and  other  cii-oular  and  orna- 
mental objects,  have  been  executed  in  the  most  ad- 
mirable manner  in  polished  granites  and  elvans,  wliioh 
occur  of  various  colours  and  degrees  of  hardness. 
The  first  persons  in  the  British  isles  to  accomplish 
this  task,  were  the  Messrs.  Macdouald  and  Leslie,  of 
Aberdeen,  who  introduced  highly  polished  granite  as 
a  domestic  ornament  in  halls  and  saloons,  and  also 
fabricated  from  the  grey  granite  of  Aberdeen,  and 
the  rich  red  granite  of  Peterhead,  an  endless  variety 
of  ornamental  articles.  The  grey  is  of  close  grain, 
and  contains  more  mica  than  the  red.  The  red 
granite  abounds  in  felspar  and  quartz,  intermingled 
with  small  specks  of  mica,  and  bears  a  strong  resem- 
blance to  the  sycnitic  rock  from  which  the  finest 
E,-yp(iau  monuments  are  made.  Both  are  suscepti- 
ble of  a  line  puliili,  wliicli  they  retain  unimpaired  by 
the  weather,  rrofcssor  Traill,  descril)iug  a  visit  to 
the  works  of  the  firm  above  named,  says,  that  the 
blocks  of  granite,  which  can  be  obtained  of  almost 
any  size  free  from  flaws  and  imperfections, 
asunder  by  machines  moved  by  a  foui-teeuhorse 
power  steam-engine.  The  saws  are  of  soft 
plates,  secured  in  a  frame,  and  operate  on  the  stone 
by  means  of  quartz-sand  and  water,  applied  as  in 
slicing  marble.  No  emery  is  requisite,  the  particles 
of  siliceous  sand  being  suflicient  to  cut  the  quartz, 
the  hardest  material  in  the  granite,  frequently, 
fourteen  saws  are  used  in  a  single  frame ;  occasion- 
ally eighteen  are  at  work  on  a  single  block  of  stone. 
The  progress  of  the  work  is  very  slow :  it  requires  a 
whole  day  to  cut  a  groove  two-thirds  of  an  inch  in 
depth  in  the  granite.  The  slabs,  when  cat,  are  po- 
lished by  moving  one  over  the  other,  by  appropriate 
machinery,  siliceous  sand  being  first  interposed,  and 
then  emery  of  various  degrees  of  fineness,  until  the 
required  lustre  is  obtained. 

The  first  dressing  of  the  granite  blocks  into  paral- 
lelopiped,  cylindrical  masses,  or  other  curved  forms,  is 
performed  by  handpieks,  with  short  handles  and  heada 
about  4  lbs.  in  weight,  which  the  workmen,  from 
long  habit,  wield  with  great  dexterity.  The  surfaces 
are  then  made  regular  by  means  of  well-tempered 
chisels,  urged  by  iron  mallets ;  the  chisels  require  a 
very  particular  temper,  which  must  be  neither  very 
hard  nor  very  soft,  else  they  would  either  lose  their 
edge  by  chipping,  or  fail  to  cut  the  stone.  In  the 
more  delicate  kinds  of  work  they  require  frequent 
sharpening.  The  chisel  is  held  obliquely  to  the  stone, 
and  very  small  jiarticles  are  removed  at  a  time. 

In  polishing  curved  or  circular  forms,  as  vases,  the 
article  is  fixed  in  a  well-contrived  lathe,  and  whirled 
round  by  machinery,  while  the  sand  and  emeiy  are 
applied  to  the  surface  by  means  of  thick  plates  or 
bars  of  iron,  previously  forged  to  the  various  curva- 
tures.    A  large  vase,  for  instance,  was  first  prepared 


by  the  chisel,  its  graceful  curves  being  in  that  way 
accurately  cut;  while  iron  bars  from  an  inch  to  an 
inch  and  a  quarter  in  thickness,  neatly  forged  to  its 
various  curves,  were  ready  to  be  applied  to  it,  ^^  heu 
it  was  fixed  in  the  lathe. 

By  these  various  means,  articles  ol  great  beauty 
and  elegance  are  produced;  chimney-pieces,  tables, 
seats,  pedestals,  vases  of  classic  fonns,  mural  tablets, 
and  altar-tombs.  The  lettering  on  monuments  is 
executed  with  perfect  neatness  and  precision  by  first 
tracing  the  inscription  with  a  dark  or  light  crayon 
according  to  the  colour  of  the  stone,  then  tracing 
the  outline  by  light  strokes  of  a  fine-edged  chisel 
held  nearly  vertically.  The  lines  are  then  deepened 
by  a  succession  of  similar  blows,  while  the  chisel  is 
held  very  obliquely,  removing  the  stone  in  the  state 
of  powder,  so  as  to  avoid  chipping.  Roman  capitals 
are  thus  easdy  formed,  but  Old  English  or  German 
letters  are  more  difficult.  These,  however,  are  carved 
in  granite  with  the  same  precision. 

Campbell's  monument  to  the  late  Duke  of  Gordon 
was  transferred  from  the  model  to  the  granite,  by 
Messrs.  Macdonald  and  Leslie.  It  is  the  first  speci- 
men of  a  British  statue  of  a  single  block  of  granite, 
and  leaves  no  doubt  of  the  good  effect  attainable  in 
this  substance,  under  modern  treatment  and  appli- 
ances. This  statue  is  a  great  ornament  to  the  city 
of  Aberdeen,  as  is  also  a  noble  fountain  of  Peterhead 
granite  which  stands  in  the  market-house.  This  is 
an  octagonal  basin,  constructed  of  polished  blocks, 
[  from  the  centre  of  which  rises  a  shaft  ten  feet  high, 
supportiiiL"  !«>'  rliviilu  (  u|is  or  shallow  vases,  one 
placed  i'\i  i    I   lowermost  is  formed  out 

ofasiiiu'.'  .-  iirhcs  in  diameter,  and  the 

I  upper  ha-.  II  i'  !,  I  I  It..'  uiJth.  A  constant  jet  of 
water  rises  from  the  centre  of  the  upper  cup,  flows 
I  over  its  edges  into  the  lower  vase,  which  again  over- 
flows in  a  thin  sheet  of  limpid  water  into  the  basin 
below,  whence  water  is  drawn  for  the  purposes  of 
the  market.  Notwithstanding  the  labour  of  workman- 
ship, granite  objects  are  produced  at  a  very  moderate 
cost.  The  beautiful  fountain  just  described  was 
erected  at  a  cost  of  only  two  hundred  pounds.  Polished 
slabs  can  be  furnished  at  from  twelve  to  fourteen 
shillings  the  square  foot. 

Tliis  material  greatly  exceeds  marble  in  dui-ability, 
especially  in  a  climate  like  ours.  Marble  loses  its 
glossy  sittface  and  contracts  greenish  stains,  but 
granite  retains  its  polish  under  all  atmospheric  in- 
fluences, and  does  not  become  stained  by  vegetation. 
An  inscription  in  granite,  unless  wantonly  mutilated, 
may  convey  information  to  distant  ages.  Pour  granite 
columns,  bearing  a  very  high  polish,  ornament  the 
King's  Library,  British  Museum.  There  is  also  a 
highly  interesting  collection  of  polished  ornamental 
works  in  granites,  elvans,  marbles,  serpentines,  &c. 
in  the  Museum  of  Practical  Geology,  together  with  a 
large  number  of  six-inch  cubes  of  the  same,  which 
form  part  of  the  series  of  building-stones  examined 
by  the  Commissioners,  previous  to  the  building  of  the 
New  Houses  of  Parliament.  The  Institution  of  Civil 
Engineers  has  also  a  collection  of  granites. 
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GRAPHITE.     See  Cakbon,  page  31G. 

GRAVER.     See  Engr.4.ving— GRiDUATiox,  &c. 

GR.AVITY,  SPEGIPIC.  Every  substance  in 
nature  has,  under  the  same  circumstances,  a  weight 
specific  or  peculiar  to  itself;  or,  in  other -words,  the 
same  volumes  or  bulks  of  (liirpvcnt  snlistanncs  cinit.iiu 
variable  quantities  of  ni:i!''  -  '!  ;.■  r.  .,  ,t  ,;  i ,  n  ,  ■  :.i , 
of  equal  bulks  of  dill'i  n        I-  ■    i     ;    il     i 

sjiecijic  gravities,  and  ihr  >i  i  i  -,n  i  -i  :i  ,im  :>>  i  .  mhi- 
water  at  the  temperature  ot  oU-  lalir. 

The  specific  gravity  of  a  liquid  is  usually  taken  by 
means  of  a  specific  graviti/  bottle,  graduated  so  as  to 
contain  exactly  1,000  grains  of  pure  water.  If  this 
be  filled  with  spirits  of  \yine>  and  weighed  in  -a  1)  inii  r, 
(together  with  a  counterpoise  for  the  weiui:!  ■ 
bottle,  which  of  course  is  constant,)  it  \\V\. 
considerably  less  than  1,000  grains:  in  fiiut,  iLo 
bottle  will  contain  only  about  917  grahis  of  proof 
spirit ;  therefore,  taking  the  sp.  gr.  of  water  as 
unity,  1  or  1-000,  the  sp.  gr.  of  spirits  of  wine  is 
0-917.  If,  on  the  other  hand,  the  bottle  be  filled 
with  sulphuric  acid,  it  will  weigh  about  1,850 
grains :  whence  the  sp.  gr.  of  sulphui-ic  acid  is 
said  to  be  1-850. 

In  taking  the  specific  gravity  of  solids,  advantage 
is  taken  of  the  important  fact,  that  when  a  solid  is 
wholly  immersed  in  water,  it  displaces  a  bulk  of  that 
liquid  csaelly  equal  to  its  own,  and  the  solid  appears 
to  lose  in  weight ;  that  is,  it  is  supported  by  the  sur- 
rounding water  with  a  force  exactly  equal  to  the 
weight  of  the  water  displaced  -.  hence,  tlie  difference 
of  its  weight  in  water  from  tluit  ■if  il  -  ■..  i  ;l1iI  in  lii-, 
must  be  the  weight  of  an  equal  Im''  ;        1!    y^ 

the  rule  for  taking  the  specific  ;_■■  :  i  i   :  , 

to  weigh  the  solid  in  air,  and  ulii;,-.  ii'  in  -.iiii-, 
and  having  found  the  deficiency  of  tlic  latter  wt-ight, 
to  divide  it  by  the  former,  and  the  quotient  will  be 
the  required  specific  gravity.  Eor  example,  a  lump 
of  glass  is  found  to  weigh  in  air  577  grains ;  it  is 
tlien  suspended  by  a  horse-hair  from  the  bottom  of 
the  scale  pan,  and  immersed  in  a  vessel  of  pure  water, 
wliLii  it  is  found  to  weigh  399-4  grains ;  the  loss 
ilirhj',,,,  c.i  W,  ,  I  )-ht,  of  an  equal  bulk  of  water,  is 
i;,  '  i;;-6  :  1  :  :  577  :  3-2,  which  is 

S  snl  iiM  '  I  I.  ',((■[■  tlian  water,  such  as  cork,  may 
be  wciglied  liy  attaching  to  them  a  mass  of  metal  or 
glass,  previously  balanced  in  water  for  that  purpose, 
which  causmg  them  to  smk,  the  same  method  is 
adopted  with  the  combined  mass  as  in  the  example 
just  given. 

The  specific  gravity  of  a  liquid  is  sometimes  taken 
by  an  instrument  termed  a  Hi/drometer,  the  principle 
of  which  may  be  thus  illustrated.  A  bulb  of  glass  or 
other  substance,  immersed  in  water,  is  buoyed  up  by 
a  force  equivalent  to  the  weight  of  an  equal  bulk  of 
water ;  so,  when  immersed  in  any  other  liqidd,  it,  will 
be  supported  by  a  pressure  equal  to  the  wriLin  ni  a 
similar  bulk  of  that  liquid.  Thus,  the  al)n\i  ;  , 
glass  lost  177-0  grains  by  immersion  in  wad  1,  I 
only  149  grains  in  spirits  of  wine  :  consequciill_v  thi  ^c 
two  amounts  are  tlie  weights  of  equal  bulks  of  water 


and   spirit;    therefore,  177-C  :  1  : :  149  :  0  839,  the 
sp.  gr.  of  the  spirit. 

The  hydrometer  is  a  hollow  I  il  :  1   _  ,,     <>; mr'al, 
with  a  weight  below  it,  and  a  si.     :      .  .  i    irm 

above,  so  adjusted  as  to  float  ai    i  ,    :  :  .   111 

Iinri!  water.    When  immersed  iu  a  ii,-,:i'ii  lij  .-i,  iuth 
■       'lit,  the  lateral  pressure  of  the  fluid  particles 
upports  it  being  dimmished,  the  bulb  sinks, 
i;,i    I   ii<a-tion  of  the  stem  becoming  immersed,  its 
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;-li  it  sinks. 

represents  Sikes's  hydro 


brass  ball,  \ 
a  1-.  ltd  stem  CD,  at  the  bottom,  while 
above  is  a  flat  stem  ab,  graduated  into 
11  equal  parts,  each  of  which  is  sub- 
divided into  two.  Eight  circular  weights 
(of  which  one  is  shown  separately)  a 
adjusted  to  the  instrument :  a  slit  cut 
in  each  admits  the  slender  pai-t  c  of  the 
lower  stem  into  the  hole  in  the  centre 
of  the  weight,  and  thus  the  histrnmcnf 
can  be  used  iu  liquids  heaviir  than 
water,  but  not  iu  such  as  will  cnntulu 
the  instrument.  A  set  of  tables  ac- 
companies the  instrument,  by  whicli  the 
specific  gravity  of  a  spu-it  is  easily  as- 
certained, after  observing  the  degree 
upon  the  stem  to  which  it  sinks.  [See 
Alcohol.] 

The  specific  gravities  of  aeriform  ''''-  ""'■ 
bodies  are  ascertained  by  weighing  tliem  with  certain 
precautions  as  to  moisture  and  pressure  in  a  thin  glass 
globe  or  flask  fitted  with  a  stop-cock.  The  standard 
of  comparison  is  dry  atmospheric  air  at  the  tempera- 
ture of  60°  and  30  inches  pressure. 

The  following  table  from  Daniell's  Chemical  Phi- 
losophy, shows  the  weight  of  100  cubic  inches  of  the 
lightest  and  heaviest  known  forms  of  matter ;  of  the 
same  quantity  of  atmospheric  air ;  and  of  water  in  its 
three  physical  states.  The  specific  gravity  of  each, 
compared  with  air  and  water,  is  also  shown. 


i^S'l !     ^^'.^•.• 

Aif..?„^>. 

wa^^;^.,. 

Hydrogen 

100 

2  13S  grains 

000114 

0-O0OOS46 

^^^^" 

I'oo 

23735  000    — 

705-0000 

o'woooo 

25250-COO    — 

Platinum. 

100 

542875-000    - 

17512-0000 

21-5000000 

GREENSTONE  is  an  intimate  mixtm-e  of  felspar 

md  hornblende.     See  Hone  Slates. 

GRINDING  and  POLISHING,  two  important 

I  "  r.^is  in  the  usefid  arts,  variously  applied,  one  for 

i-duction  oi form,  and  the  otiier  for  that  of 

In  the  production  of  form  by  cutting,  the 

aaiciial  is  mostly  removed  in  chips  and  fragments, 

ivliich  in  the  case  of  metal  admit  of  being  reunited 
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by  fusion  ;  but  in  the  production  of  form  by  abrasion, 
of  wliich  grinding  ami  polishing  may  be  considered  as 
the  two  extremes,  the  materials  removed  are  ground 
to  powder,  and  seldom  admit  of  further  application. 

Jlost  of  the  substances  employed  in  the  mechanical 
ari.N  fuMii  ilir  lliiie  kingdoms  of  natui-e  admit  of 
l.(  ii  _  _!  i  i  |"ilibhed,  by  the  appUcation  of  cer- 
1;i  :.  !  ii vs  or  powders,  applied  by  means 

(.r  :i|.;.;-|  : .  !i  i'"'ls  or  apparatus.  In  some  cases, 
the  siiiiic  substance  may  form  the  material  to  be 
polished,  the  polishing  material,  or  the  tool.  For 
exaniple,  glass  is  ground  and  polished,  as  in  plate- 
glass,  cut-glass,  and  lenses;  glass  pulverised  and 
glued  upon  paper  is  used  as  a  polishing  material; 
glass  is  also  used  as  a  tool  or  rubber,  by  means  of 
which  polishing  powders  are  applied  to  metal  works 
while  being  polished.  So  also  with  respect  to  iron, 
this  metal  is  ground  and  polished  in  various  forms ; 
it  is  also  used  in  the  form  of  a  disc  or  shive,  with 
diamond  powder,  as  a  lap  for  polishing  diamonds  for 
jr«i  111  i\  111  ih.  lunii  of  peroxide,  ov  crocus,  it  is  used 
|m:       :  I.  I  ,  ,  such  as  polishing  the  specula  ol 

i:ic  ^iiua;:.^  u.iiJ  polishing  materials  used  in  the 
arts,  principally  consist  of  carbon,  as  in  the  diamouil, 
and  compounds  of  alumina  and  silex  in  various 
degrees  of  crystallization  and  admixture,  and  usually 


Some   alii '1        ••■•  'i  in  the  solid 

form,  as  till  .,ir,-oal,Dutch- 

rush,  va\A  Ji!^.  •'■  ,  a  1'"  an'  ii.Kiii-rii  and  mixed 
with  various  eumcnts,  as  the  grindstone  and  razor- 
hone  of  the  Hindoo  (described  under  Emeky,  page 
59G) ;  crocus  mixed  with  wax  is  also  used  by  our 
opticians.  But  the  polishing  powders  having  been 
separated  into  grains  of  similar  magnitude  (as  de- 
scribed in  Emery),  are  usually  applied  by  means  of 
metal,  wood,  paper,  leather,  eloth,  or  bristles,  pro- 
ceed in;.;  gradually  from  the  coarser  to  the  finer  powder, 
as  the  form  of  the  work  becomes  gradually  developed. 
The  grinding  powder  is  of  course  harder  than  the  sub- 
stance to  be  ground,  but  the  implement  or  grinding 
tool  is  softer,  and  generally  agrees  in  form  with  the 
analogous  cutting  or  moulding  tools  used  for  pro- 
dueiii;'  work  of  corresponding  shapes  in  otlier  sub- 
slaiiri  1.  Tli'i ;  tiirnrd  works  are  often  polished  with 
w      '       I  lad  with  the  powders;  flat  works 

ji  ,  r       I  aws,  files,  and  planes;  a  convex 

^|;,:  .  I  iiiicave  grinding  tool,  and  so  on. 

I.  ;       :    i   he  taken  in  poKshijig  to  prevent 

111     ..  I    ..ins  and  materials  from  becoming 

III       i       \  .  'I-  two  of  a  coarse  powder  mixed 

Willi  ila  11  .1,  \,iM  (u-oduce  deep  scratches,  and  en- 
tirely nullify  the  ell'ects  produced  by  tl^  powders  of 
intermediate  degrees  of  fineness.  Hence,  great 
cleanliness  is  required  on  the  part  of  the  operator, 
and  between  every  two  stages  of  polishing,  there 
ouf;bt  to  be  a  careful  rinsiufj  of  the  work  with  water, 


3val   of  the   previous  materials 


and  the   entire 

For  special  details  respecting  grinding  and  polish- 
ing, we  must  refer  to  separate  articles.  The  grinding 
and  polishing  of  Earl  Rosse's  specula  are  described 
under  Casting  and  Founding,  p.  SIO.  See  also 
Glass  —  Lens  —  Emeby  —  Cutlery  —  Marble  — 
Lapidary  Work,  &c. 

GRINDSTONE.  A  large  variety  of  sandstone 
grits  are  used  in  the  arts  for  grinding  articles  into 
shape,  or  for  givmg  them  a  smooth  and  polished  sur- 
face. They  are  formed  into  fiat  circular  stones, 
called  grindstones,  of  dilfereut  diameters  and  thick- 
ness, and  made  to  revolve  with  different  degrees  of 
velocity.  Wien  not  in  constant  use,  they  are  com- 
monly turned  by  winch  handles ;  but  at  Sheffield,  Bir- 
mingliam,  and  other  places,  where  tliey  are  in  constant 
use,  they  are  mounted  in  large  grind  or  blade-miUs, 
and  are  turned  by  straps  acting  ou  their  axles,  the 
nio\iug  power  being  either  water  or  steam.  [See 
<  I  I  i.i  1.1 .  I  lir  following  are  a  few  of  the  substances 
i  1  !  li  liiidstones  in  common  use:  1.  Netc- 
^,  from  the  eoid  districts  of  Northum- 
LM.i;„;;a,  i)Lu;iui;i,  Yorkshire,  and  Derbyshire,  are 
selected  of  dill'erent  degrees  of  density  and  coarseness, 
for  the  various  manufactures  of  Shefiield  and  Bii-- 
miugham.  2.  Bilslon  grindstone  is  similar  to  No.  1, 
but  of  a  lighter  colour,  much  finer,  very  sharp,  but 
not  too  hard.  It  is  confined  to  a  small  spot  of  limited 
extent  and  thickness,  near  Bilston,  in  StalTordshire, 
where  it  lies  above  the  coal,  and  is  quarried  entirely 
for  the  purpose  of  grindstones.  3.  Curpcnter's  rub- 
stone  is  a  hard,  close  variety,  used  as  a  portable  stone 
for  sharpenuig  tools  by  rubbing  them  on  tlir  flat  stone 
instead  of  grinding.  It  is  also  used  for  giving  a 
smooth  and  uniform  surface  to  copper  plates  for  tlie 
engraver.  A  much  softer  variety  of  sandstone  is 
usually  cut  into  a  square  form,  from  S  to  12  inches 
long,  in  which  form  they  are  used  dry  by  shoemakers, 
pocket-book  makers,  cork  cutters,  and  others,  for 
giving  a  rough  edge  to  thin-bladed  knives,  &c. 
4.  Devonshire  butts,  a  porous,  fine-grained  sandstone, 
in  considerable  repute,  from  the  quarries  of  Black 
Down  Clifi's,  near  Collumpton.  5.  Yorkshire  grit  is 
used  as  a  polisher  of  marble,  and  of  cojiper  plates  for 
engravers.  6.  Congleton  grit,  a  similar,  but  softer 
stone,  and  similarly  applied.  7  ■'' :  •', ,./  ,,,,././,,«,■  is 
a  hard  coarse  grit  used  for  ^i  i         :  1  ,        :  :    .  .Vc.; 

it  is  obtained  from  Hardsley,  al.  1,1   ;  1  m, iiliof 

Sheffield.  8.  Wickerslet/grind,/auc>,hvm  W  iLa.Lisley, 
about  9  miles  east  of  Sheffield,  are  used  for  most 
purposes  of  grinding,  as  knives,  scissors,  razors,  saws, 
and  edge  tools.  9.  Sheffield  bluestone  has  a  finer  grain 
than  No.  7  or  No.  8,  and  is  used  at  Sheffield  for 
finishing  the  grinding  of  articles  of  cutlery  that  have 
been  prepared  on  No.  8.  The  bluestoncs  are  found 
in  abundance  on  the  north  and  south  sides  of  Sheffield. 
Grinding  on  a  bluestone  is  called  whittening .  See 
Hone-Slates,  and  also  Mr.  Knight's  paper  in  the 
Transactions  of  the  Society  of  Arts,  vol.  1. 

GRIT.  A  variety  of  sandstone  to  which  distinc- 
tive terms  are  applied  in  particular  districts,,  as  mill- 


GROATS— GROINS— GUDGEONS— GUM. 


slone  ffril,  red  grit,  white  gril,  grindstone  grit,  &( 
In  (he  Norlli  of  England,  tlic  term  freestone  ; 
applied  to  such  gritstones  as  will  work  r:i«ilv,  nn 
with  a  good  face:  calHard  stones  arc  iiiii  -  '  '  ' 
close  grained,  almost  flinty  grits  ;  hazel  is  '  i 

some  hard  grits  in  Ald?tonc  ^foor,  Cui,,]:.  i 


of  the  angles  at  the  bottom  cau  never  be 
lee  it  would  reqnire  the  cross  straight  edge 


a  rock. 

:i    lied   or  dc- 

I  :i  decoction 

,  i;ca  bruised  ready 

ts,  or  prepared,  or 

article  of  novirish- 


V  of  grits  shmiia 


case,  the  n^  ;':'.   i  ■■,..,   -       , 
beavoido.I,  ;.:,,1  Milv  :,  '.ju\r  -i:_,,,   .  .,     . 

GROINS,  the   lines  furuirJ   1.;    ,  ' 

arched    vaultings.      Such    inter-:    ■  ,     , 

groinings,  and   the  vaiJtings  /;<  -        '  I  ! 

appear  to  have  originated  in  the  ;i,  l:>u nUil  luu  r.rc 
tion  of  arches,  and  afterwards  to  have  lormed  the  babii 
of  an  extensive  system  of  decoration,  as  exhibited  ir 


of  our 


eel  OS 


istieal  sfrn 


dispersed  at  Z  or  )■  feet  distance,  made  to  the  size 
of  the  vault  whieh  lias  the  greatest  opening.  The 
extremities  of  these  ril)s  rest  on  beams  supported  by 
standards,  and  are  boarded  over  without  any  regard 
to  the  transverse  openings,  which  are  afterwards 
formed  by  another  set  of  ribs  adapted  thereto,  and 
then  boarded  so  as  to  meet  the  boarding  of  the  first 

vault,    which,    if  of  eon-M.  :,,'.'i'    I:.,i!jii     i,  ;i:  i     linr 

short  ribs  fixed  upon  i'        ii  -     i    •  •■  '   h 

the  bearing  of  the  bn.i  i    ;      '  .  ,     i  ,        ,  . 

ing;  and  thus  the  cmt- :  mj  m  .  :    \      ^ .    .;■     .   '• 

It  is  obvious,  that  in  forming  \W  .        ; Il, 

the  outer  curve  must  be  the  are  ni     >  i,, 

within  the  curve  of  the  vault,  ana    :  ii  [ 

towards  the  axis  equal  to  the  tliRL..r..i  n;  ;  ■,.  i  <l 
ing.  In  making  the  groined  centre,  it  will  l)i>  n  ■  > 

to  find  the  place  of  the  angles  on  the  boardiiiL  i!  i  ;< 
large  vault,  in  order  to  ascertain  the  i.hicc  nf  \\:r  i  :,^ 
and  boarding  of  the  iim     •'  •    \    i  I'      Tii  i 

done  by  three   dillVi. si;  I  ,         I.  -     i  ; 

straightedges  be  jihiri^i  \     ■  •  :  i.    r  •• ■-:-    ,  ,.i.i 

a  thii-d  straight  edge,  (.r  ,,ii  i  J-  ihl.  \  hm  ,  !..■  ni:iilr  lo 
touch  the  surface  of  the  Imaraing,  ana  niarkea  at  all  | 
the  points  of  contact,  keeping  the  latter  straight  edge 
or  line  always  upon  the  edges  of  the  two  vertical  ' 


wliieh  «;::,-.    I  ■■■     .        :        ■:  ihe   end  of  the 

filling-ill    ;  ■'  nl,^.     In   eon- 

structin-  '-■  '     I'   :.  .    '■■  i  ■  ■■••'  ,'l:isler,  the  angle 

must  be  lir.:.i.  lixta,  lliui  t.li.iij;iil.  luii-itiidinal  pieces 
parallel  to  the  axis  of  the  groin  llxed,  either  flush 
with  the  under  side  of  the  angle  ribs,  or  their  under 
sides  a  little  below  those  of  the  angle  ribs,  so  as  to 
1 1  lil  uf  i!;. ;,  111  ingnailed  together;  this  is  the  most 
i  III' eoustruoting  plaster  groins. "2  [See 

ill   li'ljiXS   are   the   ends  or  extremities  of  a 

i!;a  shaft  which  runs  in  the  collar;  they  are 

!     as   small   as   possible  consistently  with  their 

J  111.     The  cube  root  of  the  weight  of  a  water- 

V,  hnl    in  hundredweights    is    found    to  be    nearly 

equal  to  the  diameter  in  inches  of  a  cast-iron  gudgeon 

strong  enough  to  support  it.     Gudgeons  of  cast  and 


of  wrought 

iron  ar 

in  the  pri- 

i.irlin 

IS  of  9  to  U. 

Those  parts 

of  a  s 

ry..\\ 

between  the 

points  wher 

3  the  pi 

.  are  applied. 

are  called  ; 

these  as  well 

as  of  gudgec 

us  scrv, 

s    ,M-.||    .I'lli 

I'lVll, 

proportion  the 

shaft.     The 

axis  of  the  guilgeo. 

sliouia  alwavs  bo  in 
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When  wafcr- 

wheels  are 
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r,  their  dial 

leter 

n  feet,  multi- 

plied  bv  tb 

v.-.Mth 

■1    fpot^   y]•^ 

(be 

square  of  half 

the  diaiiH- 

,  •  111 

root  of  wliieh 

is  the  ai:i 

iplicd  to  sc^ 

s.      Spindles 
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odilieafions  of 

principle  ot 

vegetables,  of  more 

e   than  any 

other 

secretion  bv 

plants.        Si 

me   <,f 

these   modifieatioi 

s   are   termed 

mucilage} 

In  fact. 

gum  is  the 

miter 

al  usually  pre- 

pared   bv  plants  foi 

their  own 

nutrit 

on ;   in  which 

Mr.*.,  it  is  in 

solutioi 

;  but  when 

the  ba 

rk  is  wounded 

,  ■'    ,-  bv  tl 

e  knife 

by  the  puncture 

of  insects,  by 

i;     .      .■,  nr 

y  mean 

s  of  certain 

fung 

the  solution 

stra 


;ht  e, 


of  a  white  precipitate  or  magma,  in  couseiiuence  of 
the  achohol  combining  with  the  water,  and  the  gum, 


GUM— GUM-RESINS. 


having  nothing  to  hold  it  in  suspension,  falls  down.  I 
Another  ehai-acteristic  of  gum  is  its  convertibility 
into  mucic  or  saokctic  acid  by  the  action  of  nitric 

There  are  two  leading  modifications  of  gum,  one  of  1 
which  is  represented  by  Gum-Arabic,  and  the  other 
In  <:,,i:i-Tr.i:,i  '.mill ;  there  are  many  intermediate! 
\  1  :  t    which  Cherry -tree   Oum  may  be 

il        _  :         ■  iliircrent  kinds  of  gums  have  been 

cl.io.ud  u.iuL.  i;.L  ;^'LUcrio  terms  oi  Arabine,  I'raffdcaii- 
(iiuc,  and  Cu/wine,  (from  cerasiis,  a  cherry-tree.) 

Gdm-Aiubic  is  the  produce  of  several  species  of 
acacia  growing  in  Arabia,  India,  Upper  Egypt,  Sene- 
gal, &o.  It  occurs  in  rounded  pieces,  or  (ears,  and  in 
fragments,  up  to  the  size  of  a  walnut,  or  larger : 
these  are  of  irregular  shape :  the  colour  is  either 
wliite,  yellowish,  or  dark  wmc  yellow;  there  is 
scarcely  any  odour,  and  the  taste  is  mawkish  and 
glutinous ;  the  sp.  gr.  varies  from  1-30  to  l-,50.  It 
breaks  readily  into  small  irregular  pieces,  with  an 
uneven  vitreous  fracture.  It  dissolves  almost  com- 
pletely in  water ;  100  parts  of  water  at  212°  Fahr. 
take  up  19  parts  of  gum.  The  solution  is,  however, 
purer  when  made  with  cold  water,  and  keeps  better : 
it  is  sometimes  used  as  a  glaze  or  varnish,  and  for 
the  purpose  of  giving  a  gloss  and  stiffness  to  ribands, 
calico,  &c.  The  sp.  gr.  of  tlie  solution  being  greater 
than  tliat  of  water,  many  substances  in  a  state  of 
minute  mechanical  division  which  will  subside  in 
water,  will  not  do  so  in  mucilage :  hence  the  use  of 
gum  in  writing  ink  and  in  some  paints,  and  in  the 
pigments  used  in  calico-printing,  &c.  When  gum  is 
sold  in  powder,  it  is  often  adulterated  with  starch,  the 
presence  of  which  may  be  detected  by  tincture  of 
iodine,  which  strikes  a  blue  colour;  or  when  cold 
water  is  used  for  Ww  ■  '  i'ini,  I',--  -lu.li  ivmains 
undissolved.     Gum  i    '  '       ■      !  iu 

medicine  as  ademulrn  r       1    -  i.;;   /  .•   ,j.|iln-d 

to  Gum-Arabic.  lis  im  :  i" -i':  u  i^  Cu  lln  On. 
Its  specific  gravity  varies  I'rom  13  to  lo.  The  term 
bassorine  is  given  to  the  variety  of  tragacanth  that 
comes  from  Bassora.  Gum-Senegal,  from  the  island  of 
that  name  on  the  coast  of  Africa,  is  largely  used  by 
the  calico-printers  instead  of  Gum-Arabi( 

Gdm-Tragac 
of  Astrajal,,^, 
Northern  r.;: 
n- yellow:  1 1 


u  is  the  produce  of  certain  species 


a  Mini 


fore  they  n 

they  lose  a 

brittle.    When  steeped  ii 

abidkym     ■"     ' 


n  water  this  gum  swells  into 
3,  which,  when  boiled  with 
water,  gradually  acquires  the  appearance  of  a  solution 
of  ordinary  gum.  100  parts  of  tragacanth  yield  53 
of  arabine  and  33  of  tragaeanthine,  or  hassorim, 
a  mucilaginous  substance  forming  the  bulk  of  Gum 
Bassora,  the  remainder  being  water  and  oxalate  of 
lime.  Gum-tragaeantli  is  used  for  some  of  the  pur- 
poses to  which  gum-Arabic  is  apjilied.  It  is  often  sold 
in  the  shops  as  gum-dragon. 
Chekey-teee  Gum,  including  that  of  jieaeh  and 


apricot-trees,  and  other  species  of  Pniiius,  resembles 
inferior  gum-Arabic  in  its  external  characters,  but 
is  only  partially  soluble  in  cold  water.  It  differs 
from  it  in  some  of  its  chemical  relations. 

GUM- RESINS  are  vegetable  secretions  which  are 
most  abunckntly  and  most  perfectly  produced  in 
warm  countries,  from  trees  and  shmbs  of  particular 
tribes  of  plants,  but  rarely  from  herbaceous  plants, 
except  the  large  herbaceous  umbelliferaB,  which  yield 
the  fcEtid  gum-resins.  They  either  exude  spontane- 
ously, or  from  incisions  made  in  the  stem  and  branches. 
"  When  they  first  escape  to  the  surface  they  are  fluid, 
and  of  a  light  colour,  but  gradually  harden  and  be- 
come of  a  deeper  hue,  either  by  the  evaporation  of 
some  of  their  volatile  oU,  or  by  the  absorption  of 
oxygen  from  the  air  and  the  conversion  of  the  oil  into 
a  resin.  Some  remain  in  a  semi-liquid,  viscid  state, 
sueli  as  sagapenum  and  galbamim,  which  arc  only 
pulverizable  in  winter.  Most  gum-resins  possess 
a  strong  odour,  (which  in  many  instances  is  dis- 
agreeable, such  as  that  of  asafoiiida,)  with  a  warm 
acrid  taste,  and  by  applicatioa  to  the  skin  for  any 
considerable  time,  they  cause  redness  and  inflamma- 
tion. Owing  to  their  composition  being  a  mixture 
of  gum  and  resin,  they  are  not  completely  soluble 
either  in  water  or  absolute  alcohol,  but  are  perfectly 
dissolved  in  proof  spirit,  which  is  much  employed  to 
prepare  tinctures  of  this  class  of  substances.  Tlie 
gum,  being  soluble  in  water,  is  capable  for  a  time  of 
holding  the  resinous  portion  suspended  in  water, 
thereby  fonning  an  emidsiou,  a  state  which  admits  of 
their  administration,  if  used  soon  after  bemg  pre- 
pared ;  for  by  rest  they  separate.  Many  of  them  are 
soluble  to  a  certain  extent  in  acetic  acid,  especially 
when  assisted  by  heat.  The  strong  mhieral  acids  char 
them,  and  produce  chemical  changes.  Many  gum- 
resins  are  popularly  termed  balsams,  a  designation  to 
which  they  have  no  title,  as  they  do  not  contain  ben- 

Abtificial  Gu3I.  In  the  processes  of  calico- 
printing  and  for  stiffening  different  goods,  an  arti- 
ficially prepared  gum  has  for  some  years  been  em- 
ployed. In  the  article  Beee,  page  112,  it  is  stated, 
that  starch  or  fecula  15  by  the  action  of  diastase,  a 
peculiar  azotised  substance  formed  during  the  germi- 
nation of  seeds,  converted  into  a  gummy  mucilaginous 
-  i')^t;mce  named  dextrine.  It  is  also  known  in  com- 
under  the  name  of  British  gum  and  torrefied 
'  '/  The  term /rt'ocorae  has  been  applied  by  Payen 
Il  ,1  modified  dextrine,  whiter  and  more  soluble  than 
can  1)0  obtained  by  torrefaction.  It  is  formed  by 
moistening  1,000  parts  of  dry  starch  (potato  starch 
is  generally  used)  with  very  dilute  nitric  acid,  con- 
sisting of  2  parts  of  concentrated  acid  and  300  of 
water :  the  mixture  is  divided  into  small  blocks, 
which,  when  dried  in  the  air,  are  rubbed  down  and 
exposed  in  a  proper  drying-stove  to  a  current  of  air 
heated  to  about  150°  or  100°  :  the  powder  is  after- 
wards well  dried  at  a  temperature  not  exceeding  230°. 
When  well  made  it  dissoh  cs  in  cold  or  tepid  water 
as  easily  as  gum-Arabic. 

From  a  recent  jiaper  by  M.  Eniilc  Thomas,  quoted 
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in  the  Chemical  Gazette,  it  appears  that  artificial  gum 
is  manufaetureil  in  three  distinet  forms;  viz.  as 
a  white,  brilliaut,  pearly  powder;  as  a  syrupy  solu- 
tion ;  and  in  the  form  of  exotic  gum  in  greater  or  less 
perfection,  either  broken  into  small  fragments,  or 
made  into  rolls  of  various  sizes. 

Dextrine  is  maiiufacf'ii-pil  r'tlirrlivllir  n^r-  nC  :ir-i;I- 
or  by  means  of  the    .'•    •  ;    ■,     :    ,:     ! 

barley.  When  sulpliurir   ,r  i   i    i    ,  i,  i    .■   i,  ■  j  ; , 
deliquescent,  and  tlir  p    ■  •   ■        :  ^   .  '  •'.  ■  v  i  .  . 

this  acid  is  n-.i  >,  :  i       !'.,•.  ,  ,     'v 

Cniployud    Inl     .      •        ,     ,_    .i       i        :,     ,:,      :,       I   ,    .^  :    :.,,M- 

der,  asiuM    r  \1 

used  for  rnnl,  i,;.;  w.r  ^  ur^)  ,  .ii;r,,r,  ..■..[  .:  i  ilirii 
dried  at  a  high  temperature.  The  powder  thus  ob- 
tained is  thiowu  upon  a  metallic  sieve,  and  submitted 
to  the  action  of  a  jet  of  steam,  which  moistens  the 
dextrine  so  as  to  render  it  transparent  without 
liciuefying  it :  after  this  it  requires  very  little  drymg. 
This  process,  however,  requires  more  skill  tlian  cau 
be  expected  of  an  ordinaiy  workman. 

The  process  by  di;  >  i  -  -  n,-  lu  lie  the  most 
advantageous.  The  I- r  ,  i  :,  :>  -  i  nluble  in  vats 
heated  by^steam  in  -n  '  '    '  i  he  tempera- 

ture may  be  easily  rais.  ,1  lt  liMLiLd,  The  fecula  is 
first  mixed  with  4  times  its  weiglit  of  water  at  about 
122-  Fahr.  At  one  operation  about  000  lbs.  of  fecula 
arc  mixed  with  1,200  quarts  of  water.  The  tempera- 
ture must  be  kept  at  about  140°  until  the  whole  mass 
is  converted  into  starch ;  2  per  cent,  by  weight  of 
very  white  malted  barley  is  then  added,  and  also  the 
mucilage  produced  from  1  per  cent,  of  linseed,  if 
a  larger  proportion  of  malt  were  used,  the  decompo- 
sition would  be  more  rapid,  but  a  larger  quantity  of 
glucose  would  be  formed,  and  the  g\im  would  be  more 
coloured.  The  mucilage  of  linseed  imparts  tenacity 
to  the  gum.  The  mixture  must  be  kept  at  about 
120°  or  110°  until  all  the  starch  is  again  dissolved; 
the  temperature  should  then  be  suddenly  raised, 
taking  care,  however,  not  to  exceed  167°,  but  keeping 
as  near  that  temperature  as  can  be  in  order  to  cause 
tlie  diastase  to  act  as  powerfully  as  possible.  The 
mixture  is  then  to  be  well  stirred  until  tlie  decompo- 

ti    ■ :  iL  ■!  I    .    I  '  I  .      !.■  a  violet  ap- 

pi  ■       ■  .  -'nistic  blue 

(ml.  iJiiiiu-  liic  dui;u:;iiiijoiUua  ihi.  iiipiid  must  be 
kept  constantly  in  motion ;  the  ojjcration  lasts  about 
an  hour  and  a  quarter ;  that  is  to  say,  a  quarter  of  an 
hour  for  the  formation  of  the  paste,  one  for  its  disso- 
lution, and  the  other  thrce-quai  Ins  I'l  i  r,i,lri  di^-  it 
soluble.  The  liquor  is  tlicn  ivn;.,,  1  i::,,  ■■,  ,],■- 
composing  vats,  and  left  in  pan    '  '  >  H 

to  IS  hours,  according  to  the  eMiiii  ,1  i,  hi-  ii'ure. 
During  this  time  a  slight  fermentation  will  be  per- 
ceptible, but  it  must  be  checked  by  adding  alum  in 
tlie  proportion  of  10  grammes  for  every  25  gallons  of 
liquid.  By  allowing  this  time  for  the  mixture  to 
settle,  the  colouring  of  the  gum  while  being  baked  is 
avoided.  When  drawn  off,  the  liquor  will  mark  about 
10°  B :  it  is  then  evaporated  by  raising  it  very  slowly 
to  the  boilmg  point,  the  perfect  clarification  being 


accelerated  by  checking  the  first  boiling,  as  in  refining 
sugar.  This  clarification  is  effected  without  any 
foreign  agent,  by  the  coagulation  of  the  vegetable 
albumen  contained  in  the  malt  and  the  linseed  muci- 
lage. The  scum  which  rises  to  the  top  nuist  be 
carefully  removed.  If  the  boiling  be  hastened,  the 
r-inn  ivil]  fli-^t  lircorne  thick,  and  afterwards  be  co- 
'  W  '  i  :i  solid  pellicle  of  gum  forms  on  the 
!  ■  .  II  .MiLC  will  be  completed,  at  which  time 
iiiiiMil,  111  LiK  about  35°  B.  If  the  gum  is  to 
he  kept  ill  a  lirpiid  form,  the  baking  must  be  stopped 
at  30°  while  boiling,  and  the  syrup  bo  poured  into 
well-closed  vessels,  previously  rubbed  with  oil  of  tur- 
pentine, and  the  surface  of  the  £riim  be  enveied  with 
a  thin  layer  of  that  oil.  Thi-  tm  i!im,|  i,  i,ilri;il)ly 
successful  in  preventing  ferni  W  :,    i  ii  is 

desired  to  solidify  tlie  gum.  iii.  inmHu  -,-iii|i  is 
poured  into  small  flat  tiu  vessels,  plared  uiimi  a  liul- 
air  stove,  kept  at  a  temperature  of  from  104"^  to  122°. 
At  the  end  of  24  hours  the  gum  will  acquire  the 
consistency  of  jujube-paste  :  it  is  then  to  be  cut  up 
with  a  pair  i-l'  -in  r-.  iiiIm  small  oblong  pieces,  and 
these  air  I     'n  j      •    innu  a  polished  table  with 

a  wooden;  h  [lulverized  artificial  gum, 

and  al'ler\\  ,,.i,  (.lirrj.  ii|«>u  wooden  frames,  and  left 
for  3  or  4  days  to  dry.  The  artificial  gum,  thus  pre- 
pared, dissolves  easily,  and  makes  a  very  clear 
solution. 

GUN.      A;';v.-i:i-  v.-:ih  t',-    ,e,,r,r!,    of  Tu^Aai,  iu 
his"Telr.     ,       ■■•',;;,  '■ ..     ,1  •,  ,.     |.,,,,,,d  r..,Mvar 

interest    ]'■  .,■■,,,  ,'i  /.h-mv  of 

fire-arms,    i ,  ■    ■  i  ■    i  n   ,,  :,i   i.  u  In  luivc  been 

used   by    I    i      ■  ;   'II  I  ,  iinpaign  against 

theSeuis  I  :  I    ,,  :  .   -  Crrssy,  in\3tG, 

they  oceasiuaul    i,:i  i-       ■  !    Mimri-^e   in   (ho 

enemy.     Other  aei-  :  ■    :        ■       I V  ■    'i  HM-d 

camion  in   133S,     i,  -       .  ,  ii,       ;.  _e  of 

Algiers  in  1342.  lu  I:.,-  :li.  i  .i  '  :  ,i  ;  ,  i  l,:ivc 
used  400  cannon  at  the  siiv<  ,  —  >>!.!.  these 
were  probably  hand-eaunon  ii  .  i  i  n  In  1  118 
we  read  of  stones  being  used  a  ;  ;  i     >   wi  re 

often  of  very  large  size,  bcini:'  l;iHi|"d  [..jrilh;  with 
iron  rings  in  masses  of  1,200  lbs.  weight.  As  know- 
ledge increased,  its  improving  influence  extended  even 
to  weapons  of  destruction:  cannon  were  redueed  in 
size,  and  cast  in  iron  and  bronze ;  and  iron  bullets 
were  flrst  used  in  England  in  1550.  Cannon  con- 
tinued to  bo  cast  in  a  very  clumsy  form  for  a  great 
number  of  years,  until  it  was  proposed  by  Monk  to 
remove  a  quantity  of  useless  metal  from  before  fho 
trunnions,  and  increase  the  thickness  noiisiderahly 
where  alone  it  is  required,  viz.  at  the  breech  end. 
A  56-pounder  cannon,  cast  on  this  plan,  was  tried  at 
Deal  in  1839.  It  was  11  feet  long  ;  the  diameter  of 
the  bore  was  76  inches ;  the  weight  9S  cwt. ;  the 
windage  0175.  At  an  elevation  of  32°,  witli  a  cast- 
iron  sheU  fiUed  with  lead,  weighing  62J  lbs.  and 
16  lbs.  of  powder,  the  range  was  5,720  yards,  or  Si 
mUes,  the  greatest  distance  which  had  ever  been 
attained  by  any  projectile  with  any  charge  whatever, 
and  the  greatest  velocity,  the  whole  time  of  flight 
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being  only  30^  seconds,  wbicli  is  estimated  at  2,100 
feet  in  the  first  second.  Guns  on  this  plan  are  several 
hundi-edweight  lighter  than  on  the  old  one,  and  they 
recoil  less.  It  was  found,  contrary  to  the  received 
opinion,  that  by  increasing  the  windage  the  range 
was  increased ;  because  in  long  guns,  if  the  bullet  fit 
the  bore  closely,  and  a  great  velocity  be  desired,  the 
column  of  air  to  be  displaced  before  the  ball  quits  the 
gun  is  considerable,  and  is  condensed  so  rapidly,  that 
it  offers  immense  resistance  to  the  passage  of  the 
bullet ;  but  by  reducing  the  size  of  the  baU,  so  as 
to  increase  the  windage,  the  air  has  more  space  to 
i-ush  round  it  and  hence  the  ball  escapes  with  greater 
facility. 

The  casting  of  large  guns  is  noticed  under  Casting 
AND  Founding,  p.  344;  and  the  boring  of  the  same, 
under  Boring,  p.  103 ;  see  also  Appendix. 

Handguns,  or  small  fire-arms,  appear  to  have  been 
introduced  in  1471,  when  Edward  IV.,  landing  at 
Eavcnspur,  in  Yorksliirc,  brought  with  him,  among 
other  forces,  300  ricmings  armed  with  hand-guns. 
After  this  they  became  common.  At  first  they  were 
fired  by  the  application  by  hand  of  a  lighted  match  to 
the  toiich-hnlc.  This  was  improved  by  the  invention 
of  tlr  ,  '  ^'  •',  a  contrivance  suggested  by  the 
ii     -  liow,  to  convey  with  certainty  and 

i'l  '  I'll  the  burning  match  to  the  pan: 

\)r]ici-  til  ■  rijnii  was  called  arquebus,  ot  harquebus. 
The  nuitch-lock  was  superseded  by  the  wheel-lock, 
a  small  apparatus  for  exciting  sparks  of  fire  by  the 
friction  of  a  furrowed  wheel  of  steel  against  a  piece 
of  sulpliuvet  of  iron,  which,  from  such  application, 
acquired  the  name  o(  pj/riles,  ov  fire-stone.  The  fourth 
groat  improvement  was  \\\e,  flint-lock,  which  continued 
from  the  time  of  Elizabotli  to  the  present  century, 
when  the  invention  of  the  percussion-lock  has  super- 
seded all  other  f,n-ms. 

The  essential  accompaniment  of  the  percussion- 
Inck  is  the  pi-rr'ix^-ion-cap,  an  invention  which  passed 
I'l  l'i  ir>ii\  -^  ,..s  of  progression  before  it  attained 
:t  '■  t  \:    :ic  simplicity.    The  application  also 

:  1  '  lilting  powder  was  long  a  matter  of 
-I  ::  Li-iac-ui.v-  I'uhiiinating  mercury  was  found  to 
be  uuccrtaiu  in  its  action,  on  account  of  the  extreme 
rapidity  of  its  combustion,  passing  through  and  scat- 
tering the  gunpowder  without  igniting  it,  just  as  the 
discharge  of  a  Leyden  jar  is  known  to  do.  But  as 
gunpowder  can  be  easily  fired  by  electricity,  if  means 
be  employed  to  retard  the  amazing  velocity  with 
which  the  fluid  moves,  such  as  making  a  piece  of  wet 
string  form  part  of  the  line  of  discharge,  so  by 
n\ixing  a  more  slowly  burning  substance  with  fulmi- 
nating mercury,  the  desu-ed  effect  is  produced.  Tor 
this  purpose  C  parts  of  pulvcrine,  or  meal-gunpowder, 
with  10  parts  of  fulminating  mercury,  form  a  good 
composition  for  priming  copper  caps. 

The  introduction  of  percussion  caps  led  also  to  the 
necessity  of  altering  the  breeching  of  guns.  The 
breeching  or  plug  of  a  gun  was  formerly  a  solid  lump 
of  iron  screwed  into  the  barrel  close  to  one  end,  the 
touch-hole  being  drilled  through  the  side  of  the  barrel 
above  it.     Long  before  the  introduction  of  percussion 


caps  It  was  a  matter  of  complaint  that  these  gtms 

fired  very  slowly,  and  that  a  considerable  portioji  of 

tlie  powder  was  blown  out  uniiiflaiiied,  so  tliat  much 

force  was  lost,  A  gn 

Improvement  was  rm 

by  Nock,  in  1787,  who 

introduced    a    form   il 

breeching.    Kg.    1111, 

which  caused  the  \<fy  ■ 

der  to  be  ignited  in  llic 

centre:  this  method  was 

found  to  be  safer;  it  did  '11.: 

not  cause  the  gun  to  leak  bv  imiu-ciMitinm  d  use, 

it  greatly  improved  the  strength  and  regularity  of 

shooting,  and  it  prevented  the  gun  from  becoming 

jiartially  foul.     This  breeching  continued  in  use  for 

fifty  years  without  any  real  improvement,  but  when 

percussion  caps  came  into  use, 

there  was    a    complaint   that 

they  did  not  shoot  so  sfronc: 

as  the  old  flint  guns,      'litis 

led  to  the  invention  of  other 

forms  of  breeching,  nf  wliielt 

that   by  Mr.  Wilkin 

1112,  has  been  approved. 

The  locks  of  guns  have  also  ■"■'•"■  ""■ 

passed  through  a  great  variety  of  changes.  Indeed, 
as  Mr.  Wilkinson  observes,'  "there  is  probably  no 
branch  of  the  mechanic  arts  that  has  so  much  oc- 
cupied the  attention  of  persons  unconnected  with  it 
professionally,  as  the  improvement  of  fire-arms,  either 
from  its  importance  in  a  military  poiitt  of  view,  or 
from  the  importance  attached  to  its  perfection  by  all 
sportsmen.  The  consequence  has  been,  au  inundation 
of  alterations,  few  of  which  deserve  the  name  of  im- 
provements; and  they  have  been  graduaUy  or  speedily 
forgotten,  according  to  their  comparative  merits. 
One  great  error  into  which  amateur  improvers  of 
fire-arms  are  very  liable  to  fall,  is  their  forgetfulness  of 
the  action  of  gunpowder  on  metals,  particularly  when 
exposed  to  the  influence  of  a  damp  atmosphere.  Many 
ingenious  contrivances  are  annually  produced,  which, 
but  for  this  circumstance,  might  contmue  to  act  per- 
fectly well,  atid  if  the  same  mechanism  were  applicable 
to  other  purposes,  would  do  credit  to  the  inventors. 
Another  error  is  that  of  making  experiments 


,.n.  l\. 


linutive  a  scale,  and  e 
a  pistol  or  a  musket,  the 
efficient  with  a  cannon : 

a  want  of  practical  ktmw 
consequence  of  having  1 
fidentially,  for  my  opin 
patents  were  about 
quently. 


that  if  successful  with 
same  plan  will  prove  equally 
nothing  can  be  more  ftJla- 
As  these  errors  arise  from 
edge,  I  merely  i 


uften 


1  to,  e^ 


be  obtained  ;  and  I  have  fre- 
attcmpted  to  convince  the  parties 
absolutely  impossible ;  for  as  parents 
feel  greater  affcclion  for  their  o\ni  children  than  for 
those  of  others,  so  it  is  with  projectors  and  their 
inventions.  Few  persons  are  aware  of  the  immense 
force  with  which  the  flame  rashes  frotn  the  vent  hole 


of  a.  large  cairnon  wheu  loaded  with  its  service  charge. 
An  experiment  made  at  Woolwich  affords  a  striking 
illustration  of  the  fact :  a  cannon  ball  weighing  2'llbs. 
was  placed  exactly  over  the  vent  hole  of  a  loaded  32- 
poimder  cannon,  which  was  fired  Ijy  a  train  of  gun- 
|)Owder,  w4ieu  the  rush  from  the  vent  projected 
the  21-pouuder  ball  to  a  very  considerable  height 
hi  the  air,  although  the  diameter  of  tlie  hole  was  only 
-i%  inch.  This  is  one  of  tlic  causes  which  renders  the 
application  of  (lie  percussion  system  to  cannon  more 
difficult  thau  might  at  the  first  glanc(;  be  imagined ; 
and,  in  order  to  prove  tlie  necessity  of  making  all 
experiments  in  gurmery  on  as  laige  a  scale  as  it  is 
ever  intended  to  apply  to  the  same  pnuoi|ilr,  T  \n'l 
illustrate  it  by  a  failure  of  my  own.  Coucci\  in.  .  . 
tills  difficulty  would  be  overcome  if  the  ewk  i  , 
round  the  vent  hole,  leaving  a  large  conical  ,'|  .n  ■  u 
the  centre  for  the  escape  of  the  flame,  I  coiistnictcd 
a  canuon-lock  on  this  principle,  which  was  tried  on 
board  the  Excellent  at  Portsmouth,  and  found  to 
succeed  peifectly  with  12-pounders,  and  even  with 
Sl-pounders  not  shotted ;  but  when  fully  cliarged,  the 
lock  was  broken.  I  have  since  constructed  a  very 
cheap  and  simple  one,  which  answers  perfectly." 

The  manufacture  of  a  gun  is  rallh  ,  ..  i i,i;,,ii.il 

•itfair;  but  we  will  endeavour,  willi   ' 

Mr.   Wilkinson's    well-written    linlr     ■ M 

Greener's  two  excellent  works,'  ami  n«ii  , ')  n- 

vations  in  the  workshops  of  Biniiingh.im,  to  ciinvry 
a  concise  but  adequate  description  of  the  same  ;  we 
shall,  however,  confine  our  notice  chiefly  to  the  best 
made  guns,  which  are  for  the  most  part  finished  in 
London,  the  separate  parts  behig  supplied  in  the 
rough  frum  the 'country.  The  muskets  and  cheap 
guns  manufactured  at  Birmingham  go  through  the 
same  proeesses  as  the  best  guns,  but  fewer  hands  are 
concerned   iu    the   manufacture,   and    less   care    is 


jcstowed  u| 
Every  l.i 


est-finished  gun  usually  passes  through  15 
or  iO  liauds,  each  of  wliieh  represents  almost  a 
distinct  trade.  They  may  be  arranged  in  the  follow- 
ing order : — 1,  Barrel-forger  ;  2,  lock  and  furniture 
forger;  3,  barrel  borer  and  filer;  4,  lock  filer;  5, 
furniture  filer;  6,  ribber  and  breeeher;  7,  stocker ; 
S,  screwer-together ;  9,  detonator;  10,  maker-off; 
11,  Eti-ipi>er  and  finisher;  12,  lock  finisher;  13, 
poli>]h,  ;,M>I  Ii.i:  1-',.  r;  11,  engraver;  15,  browner; 
10,  M      , 

/'  I  -Iiil;  of  gnu-barrels  varies   ae- 

cmii.,  _  viiitcudecl  to  be  produced,  or 

tiiD'.  In"'  •,,,  .;,, :.,•:,;,;  ;ioi.  Musket 


eailai  .::  .,  ^-  '  ■'■,'  '  -^  i  ■■  "'  "!  i:-n  about  3 
feci  lohg  ai.a  1  incliec  ui.ir,  bul  liiiekLi  and  broader 
at  one  end  than  at  the  other ;  and  the  barrel  was 
formed  by  forging  out  sucli  pieces  to  the  proper  | 
dimensions,  and  then  folding  or  bending  them  round 
into  a  cylhidiical  for)n  until  the  edges  overlapped,  so 
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that  they  could  be  welded  together.  Mr.  Babbagc, 
in  his  "  Economy  of  Manufactures,"  informs  us  how 
these  methods  of  forging  and  welding  came  to  be 
abandoned.  Some  years  ago,  the  men  employed  in 
an  extensive  factory  in  forging  these  skelps,  struck 
for  higher  wages,  and  their  demands  being  exorbitant 
were  not  complied  with.  While  the  dispute  was 
pending,  it  occurred  to  the  superintendent  that  if 
the  circumference  of  the  rollers  between  which  the 
bar  iron  was  rolled  were  to  be  made  equal  to  the 
length  of  a  skelp  or  of  a  musket-barrel,  and  if  the 
grooves  in  which  the  iron  was  compressed,  instead  of 
being  equally  deep  and  wide,  were  cut  gradually 
.1"  i'l  1  ,iih1  wider  from  a  point  in  the  rollers  until  it 
-  i  '  i  to  the  same  point,  then  the  bar  iron  passing 
.1  Mieli  rollers,  instead  of  being  uniform  in 
w  id''''  ii)(l  thickness,  would  have  the  form  of  a  skelp. 
The  plan  was  perfectly  successful,  and  the  services  of 
the  refractory  skelp-forgcrs  were  no  longer  required. 
Such  is  the  moral  to  be  read  from  the  history  of  every 
strike ;  but  so  diflicult  is  it  for  us  to  profit  by  the 
experience  of  others,  that  this  severe  lesson  was  lost 
upon  the  skelp-welders.  A  contract  having  been 
entered  into  for  a  considerable  supply  of  gun-barrels 
I  i  1'  clrlivered  on  a  fixed  day,  the  men  struck  for 
I  ilvanee  of  wages  as  would  have  caused  the 

I!  Ml  of  the  contract  to  be  attended  with  a 


patented  Pn  ■■■      .    ^  _  .   -    ■:  ■  i  .    ,  m 

was  so  sueee.,  lul  thai.  ;l  ^av.tlN  tm^.u.Ld  llic  u..ulls 
of  hand  labour.  The  process  consisted  in  turning  a 
bar  of  iron  about  a  foot  long  into  the  form  of  a 
cylii-ler  with  the  edges  a  little  overlapping.     It  was 

n\    ill  III  I  I  sed  quickly 

the  eiui'.gation  necessary  to  bring  it  to  the  length  of 
a  musket-barrel  was  performed  in  a  similar  manner, 
but  at  a  lower  temperature.  This  invention  broke  up 
the  combination,  and  brought  in  a  class  of  men  at 
considerably  lower  wages.  After  lliis,  there  was  no 
hope  that  the  skelp-welders  could  ever  recover  the 
position  they  had  forfeited ;  for  not  only  was  the  work 
done  better  and  cheaper,  but  the  new  method  was 
found  to  be  less  injurious  to  the  texture  of  the  iron, 
which  was  now  exposed  only  once  instead  of  three  or 
four  times  to  the  welding  heat.  The  new  process  was 
also  found  to  be  adapted  to  the  manufactiu-e  of  irou 
tubes  for  the  conveyance  of  gas  or  of  water  for  warm- 


g  hous 

Hai 


si  lids  ;  this  form  of  i  i  <  1 1 :  '    . 
of  its  excellence  oblai-    !  ■ 
if  the  iron  were  bad.  t'l    n v 
into  the  horse's  hoof.     The  s 


I  irkiugs ;  for 
neked  closely 
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together,  bound  with  an  iron  hoop  into  a  b:ill  10  or 
13  inches  in  circumference,  raised  to  a  welding  heat, 
united  by  hammering,  and  then  drawn  out  into  bars 
of  convenient  length.  This  method  is  adopted  for  the 
locks,  furniture,  and  brccchiugs,  of  the  best  gims, 
and  also,  to  some  extent,  for  barrels.  The  quantity 
of  naUs  that  can  be  obtained  in  this  country  is  not 
adequate  to  the  demand,  so  that  immense  numbers 
are  imported  from  France,  Holland,  Sweden,  and 
other  parts,  in  casks,  containing  from  16  to  18  cwt. 
each.  Tor  the  manufacture  of  gun-barrels  they  are 
sorted  and  picked,  to  separate  cast-iron  and  imjju- 
rities,  and  about  half  a  cwt.  are  then  put  into  a  large 
cast-iron  drum,  crossed  internally  with  iron  bars, 
through  the  centre  of  wliich  a  shaft  passes,  which  is 
connected  by  a  strap  with  the  steam-engine,  and  the 
revolution  of  the  driver  polishes  the  nails  by  their 
friction  against  each  other  :  the  dust  is  then  separated 
by  sifting.  The  stubs  alone  would  produce  too  soft 
a  metal :  a  portion  of  steel  is  therefore  mixed  with 
them,  varying  from  J  to  -i-  of  the  whole  mass.  The  steel 
is  clipped  into  pieces  corresponding  in  size  with  the 
stubs.  About  40  lbs.  are  then  thrown  on  the  hearth 
of  an  iron-furnace,  and  they  are  puddled  or  mixed 
together  with  a  long  iron  rod,  and  the  bloom  thus 
formed  is  welded  under  a  hammer  of  3  tons  weight, 
to  a  long  square  block;  this  is  then  raised  to  a 
bright  red  heat,  and  dra\vn  out  under  a  tilt  hammer 
into  bars  of  the  proper  size  to  pass  the  rollers,  by 
which  it  is  reduced  to  rods  of  the  required  size.  The 
iron  thus  produced  is  very  tough,  and  free  from 
specks  or  greys. 

Stub-barrels  are  also  made  from  scrap-ixon,  which 
consists  of  the  cuttiugs  from  various  manufactories, 
the  cuttings  and  punchmgs  of  sheet-iron,  as  well  as 
worn-out  articles  in  iron.  These  are  sorted  and  used 
in  preparing  iron  of  various  qualities,  known  as  jcirc- 
twist,  Damasciis-i\i\st,  stub-Wi&U  c/tarcoal-imn,  ihree- 
penni/  skelp-mn,  twopenny,  or  Wednesbury-skelp,  sham- 
danm-skelp,  &c.  The  scrap  is  cut  into  small  pieces, 
the  object  behig  to  cross  and  interweave  the  fibres  in 
every  possible  direction,  and  thus  to  increase  its 
tenacity.  For  the  finest  description  of  barrels,  a  cer- 
tain proportion  of  scrap-steel,  such  as  broken  coach- 
springs,  is  cut  into  pieces  and  puddled  in  with  the 
iron,  whereby  the  steel  loses  much  of  its  carbon  and 
becomes  converted  into  mild  steel ;  it  unites  readily 
■nith  the  iron,  and  iuiproves  the  variegation  and 
beauty  of  the  twist.  For  twisted  barrels  the  iron  is 
drawn  out  into  ribands  by  rolling  into  lengths  of 
several  yards,  and  about  J  inch  vnAtt,  varying  in 
thickness  according  to  the  part  of  the  barrel  to  whicli 
the  ribbons  are  to  be  applied.  They  are  cut  into 
lengths,  each  sufficient  to  form  one-thii'd  of  the  barrel. 
One  of  these  lengths  is  made  red-hot  and  twisted  into 
a  spiral  fonn,  by  placing  one  end  in  the  prong  of  an 
■    u  rod.  Fig.  1113, 


through    a    frame, 

' ' '  '"■'■  and  is  turned  by  a 

handle,  the  riband  lieiug  prevented  from  going  round 

without   twisting,  by  means  of  an  U'on  bar  placed 


parallel  to  the  revolving  rod.  The  spiral  thus 
formed  is  raised  to  a  welding-heat,  and  dropped 
upon  an  iron  cylindrical  rod,  which,  being  struck 
forcibly  on  the  ground,  (called  jumping,)  the  edges  of 
the  spiral  unite  and  the  wclduig  is  completed  by 
hammering  on  the  anvil.  The  other  spkals  are  added 
to  complete  the  length  of  the  barrel,  and  the  forging 
is  finished  by  hammering  regularly  all  over.  Wire- 
twist,  of  any  degree  of  fineness,  is  obtained  by  welding 
alternate  laminse  of  iron  and  steel,  or  iron  Of  two 
qualities  together,  and  drawing  the  compound  bar 
into  ribands  as  before.  The  beauty  of  the  barrel  is 
hicreased  by  twisting,  and  also  its  strength,  because 
the  longitudinal  direction  of  the  fibres  is  thus  op- 
posed to  the  expansion  that  takes  place  in  firing. 
Damascus  iron,  so  called  from  its  resemblance  to  the 
celebrated  Oriental  barrels  and  sword  blades,  is  pro- 
duced in  various  ways.  "  One  method  is  to  unite  by 
welding  25  bars  of  iron  and  mUd  steel  alternately, 
each  about  2  feet  long,  2  inches  wide,  and  -j  inch 
thick,  and  havmg  drawn  the  whole  into  a  long  bar  or 
rod,  f  inch  square,  it  is  then  cut  into  lengths  of  5 
or  6  feet.  One  of  these  pieces,  being  heated  to  red- 
ness, is  lield  firmly  in  a  vice  to  prevent  it  from  turn- 
ing, while  the  other  end  is  twisted  by  a  brace  or  by 
machinery,  taking  care  that  the  turns  are  regular,  and 
holding  those  parts  which  turn  closer  than  the  other 
with  a  pair  of  tongs :  the  rod  is  thus  shortened  to 
half  its  original  length,  and  made  quite  cylindrical. 
If  only  two  pieces  are  employed  to  form  the  riband, 
one  is  turned  to  the  right  and  the  other  to  the  left ; 
these  being  laid  parallel  to  each  other,  are  united  by 
welding  and  then  flattened ;  but  if  3  square  rods  are 
used,  the  centre  one  is  turned  in  a  contrary  direction 
to  the  outside  ones,  and  this  produces  the  handsomest 
figure.  By  these  opei-ations  the  alternations  of  u-on 
and  steel  change  places  at  every  half  revolution  of  the 
square  rod,  composed  of  25  laminse,  the  external 
layers  winding  round  the  interior  ones,  thus  forming, 
when  flattened  into  a  riband,  irregular  concentric 
ovals  or  cii-cles.  The  fineness  of  the  Damascus  de- 
pends on  the  number  and  thickness  of  the  alter- 
nations ;  and  the  flgure  of  the  riband,  when  brought 
out  by  acids,  resembles  that  of  a  curled  ostrich 
feather ;  but  when  wound  into  a  spiral  form,  and 
united  on  its  edge  by  jumping,  the  edges  bend  roiuid 
and  the  figure  is  completed."  A  thin  riband  of 
Damascus  is  sometimes  veneered  on  common  iron  or 
gas  tubing,  so  as  to  form  gun-barrels  of  a  very  low 
price  with  a  high-priced  appearance.  Stub-Damascus 
is  only  one  square  rod  of  Damascus  ii'on  twisted 
and  flattened  into  the  riband  for  forming  the  barrel. 
Damascus  and  wire-twist  is  a  riband  of  each  twisted 
together. 

Boring  and  grinding.— The  barrel  being  forged,  the 
next  operation  is  boring,  which  is  usually  done  by 
machinery.  A  long  square  bit,  attached  to  a  rod,  is 
made  to  revolve  rapidly  while  the  barrel  is  pressed 
forwards  by  a  crooked  lever,  held  at  one  end  by  the 
workman  while  he  passes  the  other  along  a  scries  of 
pegs  driven  into  the  top  edge  of  the  trough  or  bench 
on  which  the  barrel  is  placed,  thus  forcing  the  barrel 


iorward  along  the  boring-bit.  The  barrel  is  kept  cool 
by  water  flowing  constantly  over  it,  otherwise  the 
heat  generated  would  destroy  the  bit.  Tlie  outsides 
are  then  ground  on  very  broad  stones;  for  which 
purpose  the  man  sits  on  a  kind  of  wooden  horse 
chaiued  to  the  floor,  and  leans  with  the  barrel  against 
a  sloping  board  neai-ly  in  contact  with  the  grind- 
stone; a  long  iron  rod,  passed  through  the  barrel, 
projects  at  each  end,  and  forms  handles  and  also  an 
axis  on  which  the  ban-el  rotates,  more  or  less  freely, 
according  to  the  degree  of  pressure  against  the  board. 
By  moving  it  regidarly  sideways,  the  whole  surface  is 
ground  over,  and  although  the  stones  are  well  sup- 
plied with  water,  the  sparks  fly  off  witli  the  brilliancy 
of  fire-works.  Many  ban-els,  after  being  smoothed 
up,  are  finished  in  this  way,  the  appearance  of  regu- 
larity being  given  to  them  at  the  muzzle  Iiv  i'Mv.j- 
The  best  barrels,  however,  are  first  set  |  i  :. 
straight,  then  fixed  on  a  movable  carriaj^f,  :■':  i 
drawn  gradually  forward  along  a  level  mm! hi  nr 
railway,  by  means  of  a  weight  and  pulleys,  the  boring- 
bit  being  fixed  in  a  square  hole  in  the  axis  of  a 
revolving  fly-wheel,  while  the  barrel  slowly  advances 
until  the  bit  passes  out  at  the  opposite  end  to  that  at 
which  it  entered.  The  same  square  bit  is  used  to  en- 
large the  bore  to  the  required  size  by  the  addition  of 
a  spill,  or  long  thin  piece  of  wood,  slightly  taper,  flat 
on  one  side  and  round  on  the  other  :  this  bcinu  pi  n,  ,1 
along  one  side  of  the  bit  causes  it  to  ful 
angles  only,  and  the  size  of  the  calibre  iii:i\  ■' 
gradually  increased  by  interposing  si  rips  oi 
paper  between  the  spill  and  the  1  III.     M     W  n 

states  that  "the  best  and  mosi    u     ■     i   ;    ,  '■■•■ 

inside  of  a  barrel  intended  to  thin       ■    i.  . m 

der  slightly  relieved,  or  enlarged  a  kv.  iiii;li...5  .a  i.lic 
breech  end :  long  barrels  for  duck-shooling  shoidd  be 
eased  gradually  towards  the  muzzle  end  also.  It  is 
evident,  that  a  barrel  ranch  opened  behind  must 
recoil  more,  and  le»i/  m'i m..  ii, m  fw  aiipi"  -i,'!  ^ 
nearer  to  a  cylinder;  .n,  i 

it  should  be  given  to  1 1 1'  i  i    .     ' 

which  is  accomplishrd  \,\  tli.'  (H;|,tir,il  Iumh  i| 
breeching."  When  the  l)arrcl  has  been  ccirrectly 
bored,  the  external  part  is  turned  iu  a  lathe,  a  steel 
mandril  is  introduced  at  each  end,  and  the  snpcr- 
fluous  metal  takeu  off  by  hand  or  by  a  slide  rest. 
The  barrel  being  rendered  perfectly  correct  and  equal 
in  every  part,  is  tapped  or  screwed  at  the  breech  end, 
and  the  plug  fitted.  It  is  next  proved  according  to 
a  scale  fixed  by  Act  of  Parliament,  with  a  charge  of 
powder  proportioned  to  the  weight  of  a  leaden  ball 
that  fits  the  bore. 

The  proving  of  guns  is  a  very  necessary  precaution, 
to  prevent,  as  far  as  possible,  fraudulent  makers 
from  sending  into  the  market  barrels  made  of  bad  or 
unsound  materials.  In  1813,  the  Company  of  Gun- 
makers  of  the  City  of  London  instituted  a  proof-house, 
and  obtained  an  Act  of  Incorporation:  in  1815, 
further  powers  were  granted  to  them,  by  which  par- 
ties receiving  any  barrel  to  rib,  stock,  &c.  without  its 
having  been  first  proved  and  stamped,  are  liable  to 
a  penalty  of  20/.,  or  not  less  than  20s.    A  similar 


^.  Slit 

establishment  was  also  instituted  at  Birmingham,  of 
which  the  following  notice,  with  a  few  additional 
particulars,  is  from  the  second  volume  of  the  Editor's 
work  on  the  "  Useful  Arts  and  Manufactures  of 
Great  Britain :" — 

The  Birmingham  Company  has  also  its  Act  of 
Incorporation,  and  wardens  and  a  proof-master  are 
appointed  cliiefly  from  among  the  gunmakers  them- 
selves, :vhn  arc  authorized   to  stamp  on   the  guns 

pM..,r.l     1>V     ■innl     llir      |.>v;,l     linir,,     V.ltll    the    letters 

|:    r    \      !■  ,  r.     I      ■!  .   ,    r  .    ■■  viewed.     The 

]     •     :    ■  ■•■  '    •■•f'     ' ,1  :t,-iiiicd  entirely 

i        !■  .',  Ill  Proof-house  is  situated  in  Ban- 

;he  south-east  division  of  the  town. 


long  moulds  formeil  i 
closed,  a  series  of  hi!: 
channel,  along  whieli 
shorter  channels  iu(o  c 


e  turned  oi 
tlie     Ion 


»»»»»»» 


ind  stcn 

.pled   t 


I  by  a  pair  of  nippers, 
the  surface  of  the 

-o  ill, lied  to  loading 


the  barrels  with  powJ 
gulatcd  according  to  ;    ■  ii   .  ,.  I  e^Jibrc  of  the 

barrel,  a  scale  of  prink, 1  UL,u!,di.,ii.,  for  the  purpose 
being  fixed  up  m  the  room.  A  measure  filled  with 
the  gunpowder,  containing  three  or  four  times  the 
quanlify  which  tlie  barrel  will  afterwards  have  to 
1'  11,  i  j  I  I. III!  iu  by  means  of  a  funnel,  and  well 
•'i  a  heavy  copper  ramrod;  tlieu  the 
I  ily  fits  the  barrel,  is  driven  homo, 
i:'i  \i.i,i.liiiLj  Iriii,'  used.  A  number  of  barrels  being 
thus  prepared,  are  taken  to  the  firing-bouse,  which  is 
a  low  detached  shed,  lined  throughout  with  thick 
sheet  iron,  and  furnished  with  openings  on  one  side 
and  iu  the  roof,  which  are  closed  with  iron  louvres. 
Iron  frames  are  laid  the  whole  length  of  the  room 
for  the  reception  of  the  barrels,  to  the  number 
of  120,  in  two  rows,  one  above  the  other.  They 
are  jjlaeed  about  G  inches  apart,  and  point  to  the 
opposite  dead  wall,  against  which  is  a  mass  of 
sand  for  receiving  the  balls.  Behind  the  frame  on 
which  the  twist  barrels  arc  fixed,  is  another  mass  of 
sand,  in  which,  on  the  recoil,  the  barrels  become 
buried.  Behind  the  frame  on  wliich  the  common 
barrels  and  muskets  are  tried,  a  strong  iron  bar  is 
placed,  to  receive  the  tang  of  the  breech,  but  not  the 
baiTcl,  and  thus  fixed,  the  ban-els  cannot  fly  back.  A 
groove  runs  along  the  whole  length  of  eaen  frame  for 
the  train  of  powder,  aud  upon  this  are  laid  the 
barrels  with  the  touch-holes  downwards.  Matters 
being  thus   arranged,  the  shutters   are  closed,   tlie 
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doors  locked,  and  a  man  with  a  long  rod  heated 
at  one  end  fires  the  train  through  a  liole  in  one  of  the 
end  walls  left  for  the  purpose.  Th.e  noise  of  the  ex- 
plosion is  veiy  remarkable,  forming  as  it  docs  a  rapid 
succession  of  loud  sharp  repoits,  lasting  a  second  or 
two,  and  resembling  the  rattle  of  thunder.  This  is 
easily  to  be  accounted  for ;  for  however  rapid  may  be 
the  explosion  of  gunpowder,  the  fire  has  to  travel  the 
whole  length  of  the  train,  in  order  to  fire  the  guns ; 
the  time  occupied  herein  occasions  each  gun  to  give  a 
distinct  report,  which,  being  instantly  followed  by  the 
report  of  the  next  gun,  produces  the  rattle  or  con- 
tinuous peal  referred  to.  The  explosion  being  ended, 
a  few  mmutes  are  allowed  to  elapse  before  tlie  men 
enter  to  remove  the  guns,  because  a  barrel  occa- 
sionally hangs  fire,  and  may  explode  in  tlie  act  of 
being  removed.  The  shutters  being  thrown  up,  and 
the  doors  opened,  the  smoke  rushes  out  in  clouds, 
and  the  appearance  of  the  barrels  is  not  a  little  extra- 
ordinary. It  is  scarcely  to  be  supposed  that  in  so 
large  a  number  some  should  not  be  faulty ;  the  de- 
fects arc  so  well  known  as  to  obtain  for  them  their 
appropriate  names.  A  few  may  have  a  chink  or  small 
rent  in  tlie  direction  of  the  length  of  the  barrel; 
others  may  have  a  crack  across  it;  while  others  again 
may  have  ^fiatc,  which  is  a  small  pit  or  hollow  in  the 
metal.  In  any  one  of  these  cases  the  barrel  is  likely 
to  burst  in  proving,  and  is  whirled  out  of  the  frame 
to  a  distant  part  of  the  shed.  The  editor  has  col- 
lected some  of  the  forms  of  the  burst  barrels  in  the 
following   sketched.      In  examining  a  large  nunibc'r 


of  them  at  the  proof-house,  he  was  surprised  to  notice 
several  perforated  as  if  with  a  bullet  in  the  very  act  of 
proWiig ;  and  such  indeed  they  were.  But  how  could 
tliis  happf'ii  if  fl|p  1vii-i-rl<  nre  all  ranged  side  by  side? 
It  ha';  li  i  -i!  :  '.  ■  '  I'iit  an  appreciable  amount 
iif  (iiiir  :  liriug  of  a  row  of  guns, 

and  th;it  v.':  ;,  :.  i.  :ni  lllll^ts,  it  is  whirled  by  the 
force  of  the  rxpindmg  gases  out  of  its  frame  to  a 
distant  part  of  the  shed.  Now  let  us  suppose  that 
sixty  barrels  arc  arranged  in  one  row,  and  fired  by  a 
train,  and  tli.at  the  fifth  in  the  row  should  burst,  and 
be  whirled  out  of  its  frame;  in  its  passage  to  a 
distant  part  of  the  shed,  it  may  meet  the  shot  of  one 
of  the  guns  in  advance  of  the  position  which  it  occu- 
pied in  the  row,  in  the  very  act  of  firing ;  such,  for 
example,  as  the  fortieth  or  fiftieth  gun;  ami  as  this 


shot  is  urged  by  a  triple  or  quadruple  charge  of 
powder,  it  would  easily  pass  througli  the  metal  if  it 
struck  it  favourably. 

It  rarely  happens  the  best  barrels  burst :  they  are 
more  frequently  bulged  or  swelled  out  in  places 
which  are  faulty,  or  of  softer  temper.  The  perfect 
barrels  are  marked  with  punches  of  different  sizes, 
(but  all  bearing  the  same  impression,)  according  to 
the  quality  of  the  barrel.  At  the  London  Proof- 
house,  an  additional  punch  is  used,  containing  the 
number  of  the  bore  the  barrel  has  been  tried  by,  so 
that  it  can  easily  be  ascertained  whether  the  barrel 
has  had  any  considmablc  quantity  bored  out  after 
proving.  Tlie  lui!,-^  i  i,i  1  .; n  1  :  rf  sent  back  to  the 
maker,  who  beat-  ■■       js,  and  sends  back 

the  barrel  to  be  pi  .  ^  I'  .1  generally  stand 
the  second  proof;  b^^i  .\ii.  Grcci.cr  has  known  four 
proofs  of  the  same  barrel  to  have  been  made.  The 
commou  barrels  are  left  untouched  for  four-and- 
twenty  hours,  when,  if  not  burst,  any  holes  or  other 
imperfections  are  made  quite  apparent  by  the  action 
of  the  saltpetre :  such  are  sent  back  to  the  maker  un- 
marked, but  the  sound  barrels  are  washed  out  in  a 
trough  with  warm  w-ater,  and  dried  with  tow.  The 
viewer  then  carefully  examines  them,  and  hands  such 
as  arc  sound  to  the  stamper,  who  attaches  the  proof- 
mark. 

At  the  Government  Proof-house  at  the  time  of  the 
writer's  visit,  some  barrels  were  being  charged  with 
IG  drachms  of  powder  (only  4 J  ch-aclims  being  re- 
quu'cd  for  the  gun  in  ordinary  service) ;  a  wiue-cork 
exactly  fitting  the  barrel  was  then  rammed  down  tight 
with  a  massive  copper  rod ;  the  bullet  was  then  put 
in,  and  another  cork  rammed  upon  that.  Then  each 
barrel  was  proved  separately:  for  which  purpose  it 
was  placed  in  a  massive  wooden  chest,  one  end  of 
which  was  left  open  for  the  escape  of  the  bullet, 
which  was  fired  as  before  into  a  pile  of  earth  and 
sand.  On  closing  the  cover  of  this  chest  (which  was 
marly  balanced  by  weights  passing  over  a  pulley), 
a  spring  was  detached,  which  fired  a  percussion-cap 
and  exploded  the  gun.  In  case  of  fracture,  the  chest 
protects  the  man  from  injury. 

In  some  cases,  the  barrels  are  subjected  to  even  a 
more  severe  test  than  either  of  the  above.  Tlie 
barrel  is  filled  with  water,  and  an  air-tight  bullet 
driven  in.  Water  being  nearly  incompressible,  but 
transmitting  prcssm-e  in  all  directions,  insinuates 
itself  into  the  miuutest  chink  or  crack,  and  appears 
on  the  outside,  thus  showing  where  the  barrel  is  de- 
fective. 

When  false  breeched,  ribbed,  stocked,  and  screwed 
together,  the  barrel  is  bored  for  shooting,  and  smoothed 
outside.  Double  barrels  have  a  flat  struck  along  tiie 
inner  side  of  each  before  laying  them  together;  about 
4  inches  of  the  breech  end  is  braized  or  hard-soldered, 
the  remainder  of  the  length  soft-soldered,  the  upper 
and  under  ribs  being  soldered  on  at  the  same  time. 

The  lock  and  the  barrel  being  jouited  to  each  other 
if  required,  are  given  to  the  stocker,  who  lets  them 
into  the  wood,  which  ought  to  be  perfectly  seasoned. 

Tlie  scrcwcr-together  lets  in  all  the  furniture,  and 
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puts  in  all  the  screws.  The  gun  is  detonated  by 
another  man,  who  fits  the  cock,  and  finishes  the  ex- 
ternal part  of  the  breeching.  When  the  barrel  lias 
been  smoothed  and  bored  for  shooting,  the  gun  is  re- 
tiirued  to  the  screwer-togethcr,  or  to  another  work- 
inaii  lo  make  ,ff  and  checiuer;  that  is,  to  smooth  and 
(ill!  Ii  111.'  Mn,iil-v,  rik.  From  him  it  passes  to  the 
s/  ,  ,  ,  v>  liu  takes  the  whole  to  pieces,  and 

'■•""'     '  ,  111  ors  of  the  preceding  workmen. 

Tin:  Ij.ihl!  ia  c:.yi.ivfd  and  goes  into  brown;  an 
operation  pcrfuriuLd  Ijy  producing  successive  coatings 
of  rust  on  the  surface,  and  brushing  them  off  as  tiicy 
arise  with  a  fmc  sf.ol  wiio  srr.itcJi-lnid,  until  fhe  le- 


rcd  col. 


II  I, .ill'.  I 


nitric  ether.'      !'■■  i  ,      ' •'!.:■!: 

niture  arc  |Hili.,i,r-l,  i  i-ji.i'.  i  .1.  Il'i.'iI,  ,i  ,.i  'lmIi  i.ni  . 
and  the  stoek  is  uilc.l  and  puli!.hed.  The  haraeuiiig 
IS  performed  by  burying  the  parts  in  animal  charcoal, 
and  keeping  them  at  a  red  heat  for  an  hour  or  more, 
and  then  plunging  the  wliole  into  water.  The  whole 
of  the  parts  are  then  returned  to  the  fiuishcr,  and  the 
gun  is  completed. 

The  stocks  of  all  military  lire-arms  and  nioi,t  fowl- 
ing-pieces are  of  wabiut,  which  is  the  toughest  and 
best  wood  for  the  purpose ;  but  maple  and  ash  an- 
also  used  for  sporting  guns.  All  gun-stocks  are 
coloured  with  cold-drawn  linseed  oil  and  alkanet  root ; 
and  when  sufficiently  dry,  those  for  the  best  gnus  are 
polished  and  varnished  with  shell-lac  in  spirits  of 
wine,  applied  with  a  piece  of  rag,  and  when  dry, 
rubbed  down  with  fine  pumice  powder,  and  repeatedly 
varnished  until  all  the  pores  of  the  wood  are  filled ; 
and  they  arc  finally  polished  up  \vith  oil  and  rotten- 

^||  !■  ^  ill  -li.iiiii'  .i.  iiii.U  a  good  deal  on  the 
Inii  I  !.  1 0  the  sf atui-e  of  the 

sill'  ■  I  I       I  '.Is.    As  a  general  rule. 


ought  lu  be  Ills  stuck.  The  stock  must  also  have  an 
iuelinatiou  outwards,  to  allow  for  the  swell  of  the 
cliest,  lis  the  eye  cannot,  without  difficulty,  be  placed 
correctly  in  a  line  with  the  centre  of  the  shoiddcr; 
hence,  most  persons  shoot  to  tlie  left  of  the  object 
aimed  at,  particularly  if  the  centre  of  the  stock  be  in 
a  right  line  with  the  barrel,  or  be  thrown  off,  as  it  is 
called,  the  wrong  way.  The  broader  the  chest,  the 
more  ought  the  stock  to  be  inclined,  or  bent  outwards 
sideways,  and  the  extent  is  ascertained  by  observing 
the  line  of  the.  barrel  \\\\cn  the  trun  is  thrown  up  to 
the  shoulder  at  any  (list  I"'  v-'l  i.Ih.'! 

Machinery  for  stocl.ii.  '  i  '  i  i  .  ms  been  pro- 
posed and  adopted  to  ;i  ei.n  nii  i.i  !'  >  ;.  ul  in  France 
and  America,  and  we  liavc  lately  seen  it  applied  in 
England. 

The  term  rifle  or  rijled  is  applied  to  muskets  or 
pieces  of  ordnance  when  their  bores  are  furrowed 


witl;  spiral  grooves,  the  object  of  wliicn  will  be  under- 
stood from  the  followmg  considerations.  "  A  bullet 
made  of  lead  cast  in  a  spherical  form,  having  uu- 
avoidaljly  some  irregularities  on  its  surface,  and  from 
unequal  expansion  in  cooling,  a  void  space  being 
formed  in  the  interior,  by  which  the  density  is  caused 
to  vary  in  different  directions  from  the  centre,  it 
follows,  that  when  such  bullet  is  discharged  from  a 
common  musket,  the  atmosphere  pressing  unequally 
against  its  front  on  opposite  sides  of  the  line  of  flight, 
causes  it  to  deviate  continually  from  the  direction 
which,  when  uniformly  resisted,  it  would  take  by 
gravity,   and  the  impulse  of  tlie   fired   gunpowder. 

t(  \'.  ill  :.'   ',  ln|i[.ril  tl'.i*  till-'  Ii  il'i't  .'ir'.-jiili'rs  by  frictiou 

II    !'     ■      -      '  '^  i'     ■   -Mine  diameter 

the  ball,  the  pressure  of  the  air,  wliieli,  when  that 
coincidence  docs  not  take  place,  will  be  greater  on 
the  side  of  the  ball  where  the  revolving  motion  con- 
spires with  the  direct  motion,  than  on  the  opposite 
side,  where  the  two  motions  are  in  contrary  directions, 
will,  even  if  there  were  no  irregularity  of  surface, 
prndnce  deviation.  This  wiU  evidently  be  various, 
ai'i'ihllirj  i  I  I'M'  [".  'i'-'ii  nf  llic  axis  of  rotation;  and 
I  iiiye  during  the  flight  of 
I'    '.    '    I         I  i'  i:ier  may  suffer  several  iu- 

llivihui',,  '11,1'  ihhaiinii,  iliei-cfore,  of  forming  spiral 
grooves  within  the  barrel,  is  to  produce  a  rotatory  mo- 
tion of  the  shot  about  an  axis  which  shall  coincide 
with  the  line  of  its  path,  in  order  that  the  unequal 
prcss\n-e  of  the  atmosphere  in  its  front,  on  account  of 
any  irregularity  in  its  form  or  density,  may  correct 
itself  at  every  half  revolution  of  the  sliot  on  such 
axis  ;  so  that,  on  arriving  at  (he  object,  the  deviation 
may  be  on'}  ilaii  \'.'i'''li  ;-.  i'i:<'  'i.  '.me  i'l.n  i  I.'H  nf  a 
rotaticm.     '\     ■  '  i  '       .   '  .'   iilic 


ooked 


uskct    ll:i  II   '    :  .'::'  .      .1    '  .    .1'    '       1     lli'TC 

4,  and  at  present,  the  practice  is  to  have  but  two. 
It  has  not  been  exactly  determined  what  is  the  best 
l'(ii-in  for  the  spiral ;  sometimes  the  eurve-lino  makes 
in  the  length  of  tiie  barrel  IJ  revolution  about  tha 
axis  of  the  latter,  bvit  in  general,  one  revolution  in 
the  whole  length  (=  30  inches)  is  considered  suf- 
ficicnt."- 

GUN  COTTON.  Ordinary  cotton  is  one  of  the 
iimumerable  forms  of  lignine,  a  compound  of  carbon, 
oxygen,  and  hydrogen ;  but  by  subjecting  cotton  to 
the  action  of  nitric  acid,  another  element  enters  into 
the  composition,  viz.  nitrogen,  ■which  is  found  in 
nearly  all  explosive  bodies.  The  action  of  nitric  acid 
on  vegetable  matter  had  long  attracted  the  attention 
of  chemists  before  the  discovery  of  the  remarkable 
explosive  compound  which  we  are  about  lo  notice. 
In  1833  Braconnet  gave  an  account  in  the  Aimales 
de  Chiinif,  &c.  of  a  new  substance  obtained  by  the 
action  of  concentrated  nitric  acid  on  starch,  saw-dust, 
linen  and  cotton  wool.  He  named  this  substance 
x^loidiiie,  from  ^vkov,  wood,  and  described  it  as  being 
white,  pulverulent,  neutral,  and  very  inflammable.     It 

(2)  "Penny  Cyclopasaia,"  art.  Rifle. 


GUN  COTTON. 


is  easily  formed  by  boiling  starch  for  a  few  moments 
iu  concentrated  nitric  acid  until  solution  takes  place ; 
on  poui-ing  the  solution  into  cold  water,  the  xyloidine 
is  precipitated,  and  may  be  collected  and  dried.  In 
1S38  Pelouze,  in  the  Comptes  Bendiis,  called  the  atten- 
tion of  the  Academy  of  Sciences  to  the  properties  of 
xyloidine,  "which,"  he  observes,  "  is  very  combustible, 
taking  fire  at  356°  Fahr.,  burning  with  great  rapidity 
and  almost  without  residue.  This  property  has  led 
me  to  an  experiment  which  I  think  susceptible  of 
some  applications,  especially  in  artillery.  By  plunging 
paper  in  nitric  acid  of  sp.  gr.  l"o,  leaving  it  there  the 
requisite  time  for  the  acid  to  permeate  the  paper, 
which  is  usually  accomplished  in  2  or  3  minutes,  then 
withdrawing  it,  and  lastly,  washing  it  in  water,  we 
obtain  a  kind  of  parchment  impermeable  to  moisture, 
and  extremely  combustible."  Dumas  in  the  sixth  vol. 
of  his  "  Traite  de  Chimie  appliquee  aux  Arts,"  pub- 
lished in  1843,  proposed  to  name  the  compound 
iiitramidine,  and  mentions  the  application  of  paper 
and  pasteboard  prepared  by  nitric  acid  for  fii-oworks. 
At  a  meeting  of  the  British  Association  at  South- 
ampton, in  1S4C,  it  was  announced  that  Professor 
Schoubeiu  had  discovered  a  mode  of  rendering  cotton 
so  explosive  as  to  form  an  excellent  substitute  for 
gunpowder.  Specimens  of  the  prepared  cotton  were 
exhibited,  but  the  method  of  preparation  was  kept 
secret,  as  the  inventor  was  then  applying  for  a  patent. 
Soon  after  this  announcement  Professor  Otto,  of 
Brunswick,  published  an  account  of  an  explosive 
cotton,  as  did  also  M.  Morel,  of  Paris,  and  M. 
Bottger,  of  Frankfort.  In  April,  1847,  Schonbein's 
patent  was  enrolled :  the  specification  states  that  iu 
preparing  the  cotton  the  patentee  uses  nitric  acid  of 
sp.  gr.  1'45  to  1'50,  and  sillphnric  acid  of  ."p.  gr.  l'S5. 
These  acids  are  to  be  mixed  in  the  proportion  of  3 
parts  of  sulphuric  and  1  part  of  nitric  acid:  the 
mixtui-e  is  allowed  to  cool  down  to  between  50°  and 
00°  Pahr.,  and  then  rougii  cotton,  free  from  all  ex- 
traneous matter,  is  immersed  in  the  liquid,  in  as  open 
a  state  as  possible,  in  a  glazed  earthenware  vessel. 
\yhen  thoroughly  soaked,  the  excess  of  acid  is  to  be 
drawn  or  poured  off  and  the  cotton  pressed  lightly 
with  an  earthen  presser  to  separate  the  principal  part 
of  the  acid.  The  cotton  is  then  covered  over  and 
left  for  an  hour,  then  pressed,  and  well  waslied  in 
rmining  water,  to  get  rid  of  all  free  acid :  it  is  then 
to  be  partially  dried  by  pressure,  and  to  ensure  its 
freedom  from  acid  it  is  to  be  washed  in  a  dilute  solu- 
tion of  carbonate  of  potash,  made  by  dissolving  1  oz. 
of  this  salt  in  a  gallon  of  water  :  it  is  then  put  in  a 
press,  and  the  excess  of  alkaline  solution  pressed  out, 
leaving  the  cotton  nearly  dry.  It  is  next  washed  iu 
a  solution  consisting  of  1  oz.  of  pui-e  nitrate  of  potash 
in  1  gallon  of  water,  and  when  again  pressed  is  dried 
in  a  room  heated  by  steam  or  hot  water  to  the  tem- 
perature of  from  150°  to  170°  Fahr.  The  nitrate  of 
potash  appears  to  increase  the  explosive  force  of  the 
cotton,  but  it  is  not  absolutely  necessary.  Of  the 
cotton  thus  prepared  3  parts  are  said  to  be  equal  in 
force  to  8  parts  of  Tower-proof  gunpowder. 

A  simpler  method  of  preparing  gun  cotton  in  small 


quantities  was  proposed  by  Mr.  Thomas  Taylor  in 
October  1846  : — "Mix  in  any  convenient  glass  vessel 
an  ounce  and  a  half,  by  measure,  of  nitric  acid,  (sp. 
gr.  1-45  to  1'50,)  with  an  equal  quantity  of  sulphuric 
acid,  (sp.  gr.  ISO.)  When  the  mixture  has  cooled, 
place  100  grains  of  fine  cotton  wool  in  a  Wedgwood 
mortar,  pour  the  acid  over  it,  and  with  a  glass  rod 
imbue  the  cotton  as  quickly  as  possible  with  the  acid. 
As  soon  as  the  cotton  is  completely  saturated,  pour 
off  the  acid,  and  with  the  aid  of  a  pestle,  quickly 
squeeze  out  as  much  of  the  acid  as  possible.  Throw 
the  mass  into  a  basinfid  of  water,  and  thoroughly 
wash  it,  either  in  successive  portions  of  water  or 
underneath  a  tap,  until  the  cotton  has  not  the  slightest 
acid  taste.  Finally,  squeeze  it  in  a  linen  cloth,  and 
dry  it  in  a  water  bath."  Nitric  acid  of  the  sp.  gr. 
1-50  answers  better  than  that  of  1-45,  the  cotton 
being  much  less  acted  upon  by  the  strong  acid. 
Nitric  acid  of  the  sp.  gr.  1-3G  converts  the  cotton 
into  a  gelatinous  mass. 

Gun  cotton  is  considerably  heavier  than  unprepared 
cotton,  and  may  be  distinguished  therefrom  by  its 
harshness,  and  by  the  crepitating  sound  produced 
when  pressed  by  the  hand.  When  well  prepared, 
there  is  scarcely  any  change  in  colour  or  in  general 
appearance.  It  may  also  be  distinguished  from 
common  cotton  by  its  electric  condition,  for  if  a 
portion  be  pulled  briskly  between  the  finger  and 
thumb  of  a  dry  hand,  the  fibres  will  adhere  to  the 
hand  with  great  tenacity.  If  a  strip  of  prepared 
paper  be  thus  treated,  it  will,  on  presentmg  one  end 
to  the  knuckle,  be  alternately  attracted  and  repelled, 
and  thus  part  with  its  electricity.  Gun  cotton  is 
also  perfectly  soluble  in  sulphuric  ether,  and  if  the 
solution  be  poured  on  the  surface  of  cold  water,  the 
xyloidine  forms  an  opaque  film  thereon,  which  when 
collected  and  dried  forms  a  remarkable  explosive 
paper.  The  etherial  solution  of  gun  cotton  (named 
collodiion)  applied  to  a  wound,  coats  it  with  a  thin, 
delicate,  artificial  skin,  which  perfectly  excludes  the 

The  explosive  character  of  gun  cotton  appears  to 
be  due  to  the  formation  of  xyloidine  in  the  tubes  and 
upon  the  exterior  of  the  cotton  fibre  under  the  action 
of  the  nitric  acid.  The  sulphuric  actd  employed  has 
no  direct  action  on  the  lignine,  its  use  being  to 
abstract  water,  and  thus  render  the  action  of  the 
nitric  acid  more  perfect.  Gun  cotton  explodes  with 
very  great  rapidity  at  from  350O  to  400°  Fahr.  If  a 
small  heap  of  gunpowder  be  placed  on  a  sheet  of 
writmg  paper,  and  a  bit  of  gun  cotton  be  laid  lightly 
upon  it,  and  the  whole  held  about  a  foot  above  the 
flame  of  a  lamp  or  candle,  the  heat  wiU  soon  be 
suflicient  to  ignite  the  cotton,  but  the  powder  wiU  not 
be  kindled,  and  although  the  cotton  explodes  in 
contact  \vith  the  powder,  its  action  is  so  rapid  that 
there  is  not  time  enough  to  raise  the  gunpowder  to 
the  temperature  required  for  its  explosion.  "This 
great  rapidity  of  action  is  opposed  to  its  utility  for 
propulsive  purposes.  It  is  well  known  to  practical 
men  that  a  slowiy  exploding  material  is  the  best  for 
artillery   practice.     Thus,   when  a  slow  powder  is 


GUNPOWDER. 


used,  the  ball  acquires  a  slight  degree  of  molion,  and 
puts  the  air  iu  frout  of  it  in  motion  also,  before  the 
full  power  of  the  explosion  is  exerted;  and  that 
motion  is  gradually  increased  during  the  remainder  of 
the  explosion.  But  if  the  action  takes  place  too 
quickly,  the  full  force  of  the  propelling  power  comes 
into  play  before  the  ball  is  iu  motion,  and  the  bursting 
of  the  gun  is  the  probable  consequence.  This  is  the 
reason  why  the  fulminates  of  mcrc\iry  and  of  silver 


and  when  nitrate  of  potash  has  been  employed,  or,  iu 
fact,  a  soluliou  of  any  solid  salts,  a  dense  white 
vapour  accompanies  the  explosion.  The  qiiautity  of 
water  produced  during  the  decomposition  of  the 
cotton  by  heat  is  so  great,  as  to  constitute  an  objec- 
tion to  its  use  in  fire-arms.  Its  hygrometrio  condition 
also  impedes  its  utility;  for  if  a  quantity  be  exposed 
for  an  hour  or  two  to  a  damp  atmosphere,  it  absorbs 
nearly  its  own  weight  of  water,  and  requires  re-drying 
before  it  can  be  used;  it  cannot  bo  prolected  from 
atmospheric  moisture  by  compression  into  cartridges, 
as  in  that  state  it  does  not  explode  with  certainty. 
The  idea  of  employing  the  fulminating  cotton  as  a 
substitute  for  gunjiowder  for  artillery  purposes  seems 
to  be  conqilifi  Iv  a'  ,:  1,1:  liut  on  account  of  the 
small   qu.uiti^.,  -  ;i  ..(V,   as  weU  as  on 

account  of  ii     i  i.  i  ,  it  is  much  used  for 

mining  pur)inscs  ;  t],r  |i!ui.nriionate  quantity  used 
being  a  fourth  of  that  of  powder."" 

The  exjiense  of  gun  cotton  is  considerably  greater 
than  that  of  gunpowder,  one  reason  for  which  is  the 
difficulty  and  danger  of  manufacturing  it  in  large 
quantities  :  it  is  also  liable  to  spontaneous  ignition 
or  decomposition  by  keeping :  Maurey  describes  a 
fearful  spoutaucoiis  explosion  of  1,000  kilnsrammcs 

of  gun  cotton,  which    li:iil    lim,  m  ,i    Ip  ,'   \; 'il;    :,l',:i''iir, 

water.     The  explosion  i  '    .  ;     '  ,     ,.  i  . 

in  July  1S4S,  and  h-  i 

guarding  against  such  aiTniiii!  Il<:,,.'  ;!,■  u  r  .o' 
gun  cotton  has  been  gradually  ahriuiloued  i}i  mining, 
and  this  substance,  which  a  few  years  ago  excited 
such  great  expectations,  now  scarcely  occupies  a 
rank  higher  than  that  of  the  curiosities  of  chcnieal 
science.     [Sec  .-ippKNDix.] 

GUN  FLINT.    Secl'LiNT. 

GUNPOWDBE,.  The  Chinese  appear  to  have 
been  acquainted  with  gunpowder  200  years  before  the 
Christian  era,  if  not  earlier,  and  to  have  used  it  in 
their  fire-works,  and  for  purposes  of  deflagration,  but 
not  for  detonation,  or  the  propulsion  of  solid  bodies. 
Such  a  compound  as  tlii^  ,  -a;.  ,  .  f  '  ■  i  liare  been 
obtainedby  the  Arabs,  ill  i,  ■   ■  v.  ith  China, 

and  by  them  commuiiu,,:  I  i  iln  ilniks  of  the 
Lower  Empire,  and  to  li.nc  lom.L.i  liic  celebrated 
(Jrcek  fre,  which  enabled  those  who  possessed  the 
secret  of  its  composition  to  gain  so  many  victories ; 


at  any  rate,  the  machines  of  war  used  by  the  Greeks 
at  the  period  referred  to  are  said  to  resemble  tnosc 
of  the  Chinese  so  closely  as  to  lead  to  the  suspicion 
of  a  common  origin.  Various  recipes  for  deflagrating 
compounds  are  given  by  Marcus  Gra^cus  in  his 
"  Liber  Ignium  ad  Combiu-cudos  Hostcs,"  but  no 
more  precise  date  than  between  the  9th  and  12tli 
centuries  has  been  assigned  to  this  composition.- 
The  crusaders  in  their  early  conflicts  appear  to  have 
Ik'cii  struck  with  terror  at  the  incendiary  weapons 
i:  '  ,1  a-ainst  them  ;  and  it  has  been  conjectured,  that 
'  li  11  do  we  owe  the  introduction  of  a  form  of 
iilcr  into  Europe.  It  is  probable  that  tlie 
!ia^  inly  of  the  saltpetre  and  the  imperfect  method 
of  mixing  the  ingredients,  prevented  the  Chinese, 
Arabs  and  Greeks,  from  using  gunpowder  as  a 
propelling  force,  and  that  the  same  proportions  of 
saltpetre,  charcoal,  and  sulphur,  which  give  us  a 
detonating  compound,  gave  them  only  a  deflagrating 
one.  The  alchemists  may  so  far  have  supplied  these 
defects  as  to  have  earned  for  them  the  merit  of  the 
invention.  Such  may  have  been  the  case  wiih 
Berthold  Schwartz,  a  Franciscan  friar,  who  lived  at 
Jfayeuce  between  1290  and  1320,  whom  the  Germans 
claim  as  the  inventor  of  gunpowder. 

Eeferring  the  historical  portion  of  our  subject, 
which  is  beset  with  dilfioulties,  to  those  who  arc 
competent  to  discuss  it,^  we  would  call  attention  for 
a  moment  to  tlie  great  importance  of  the  discovery  of 
gunpowder,  in  assisting  the  progress  of  civilizatiou. 
Its  first  effect  was  to  change  entirely  the  whole  system 
of  warfare,  whether  offensive  or  defensive :  the  feudal 
lord,  who  could  no  longer  feel  secure  in  his  strong- 
hold, which  the  cannon  planted  on  the  adjacent  heights 
might  batter  about  his  cars,  ceased  to  be  tyrannical, 
and  was  gradually  led  to  the  belief  that  his  own 
interests  might  be  identical  with  those  who  practised 
vulgar  arts,  instead  of  the  knightly  profession  of  arms. 
The  use  of  gunpowder  in  battle  rendered  wars  less 

I>l<-lv,la    l.,ar:,:,r:  Ilia  r    ,  a.aiaa!-   ai    a  distance  from 

.  -'i  ••■a  I  a  :,,,:,  .,,  i::,^,  ,.,,  ,,u  whicb  arc 
'  .  -a  dlect  of  in- 

war  impossible;  for  if  tli,'  rillc  be  made  to  kill  with 
certainty  at  the  distance  of  1,000  yards,  the  soldiers 
will  refuse  to  appear  within  sight  of  it;  and  if  a 
small  arm  can  be  made  to  discharge  a  bullet  five-and- 
twciity  times  in  a  minute,  charges  of  cavalry  will  be 
iuqiossible;  so  that  unless  war  be  reduced  to  a 
succession  of  surprises,  it  would  scarcely  admit  of 
being  carried  on  in  pitched  battles.     Governments 

(2)   The  recipes  given  by  Albertus  Magnus  ; 
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would  therefore  be  obliged  to  dispense  with  the  costly 
luxury,  reserve  their  big  guns  to  auuomice  the  birth 
of  princes,  or  to  welcome  with  compUmeutary  thunder 
the  approach  of  great  ones.  Gunpowder  will  pro- 
bably continue  to  present  an  available  store  of 
mechanical  force  to  the  miner  and  the  engineer :  the 
sportsman  will  still  continue  to  use  it  in  securing  his 
game,  and  to  t!ie  fire- work  maker  it  will  ever  form  a 
necessary  article. 

The  great  importance  attached  to  gmipowder  by 
different  nations  has  displayed  itself  in  a  remarkable 
manner,  for  without  any  knowledge  of  the  law  of 
definite  proportions,  and  even  before  the  existence  of 
true  chemistry,  and  probably  without  any  communica- 
tion witii  each  other,  each  nation  has  long  been  in 
the  habit  of  using  very  nearly  the  best  proporlioiLs  of 
the  3  ingredients,  viz.  1  equivalent  of  nitre,  1  of 
sulphur,  and  3  of  charcoal,  or  75  per  cent,  of  nitre, 
11'77  of  sulphur,  and  13'23  of  charcoal.  The  follow- 
ing statement  shows  the  composition  of  different 
gunpowders  : — 


In  practice  tlie  ingredients  used  iu  the  manufacture 
of  every  100  lbs.  of  gunpowder  are,  saltpetre  77i  lbs., 
sulphur  lOilbs.,  charcoal  161bs.=1041bs.,  the  extra 
4  lbs.  being  allowed  for  waste.  ' 

The  saltpetre  as  imported  is  unfit  for  the  manu-  | 
facture  of  gunpowder,  as  it  is  combined  with  common  | 
salt,  or  with  salts  such  as  nitrate  of  lime,  which  absorb  ! 
moisture,  and  prevent  the  close  contact  and  combi- 
nation of  the  other  ingredients.  The  loss  which 
rough  nitre  sustains  in  refining  is  termed  the  refrac- 
tion. It  is  refined  by  solution  in  an  equal  weight  of 
spring  or  river  water,  which  is  quickly  raised  to  a 
boiling  heat,  and  after  four  or  five  hours  allowed  to 
cool ;  it  is  filtered  through  canvass  bags,  and  crystal- 
lized in  copper  pans.  The  nitre  is  then  purified  a 
second  time  in  a  similar  manner,  but  with  a  smaller 
quantity  of  water,  10  parts  water  being  used  to  14' 
of  nitre :  after  the  second  crystallization,  the  water 
in  the  crystals  is  expelled  by  fusion,  and  the  nitre 
assumes  a  delicate  white  appearance.  The  principle 
of  this  purification  is  founded  on  the  greater  solu- 
bility of  nitre  in  hot  than  in  cold  water :  100  parts 
of  water  dissolve  236  parts  at  207°,  and  only  29  at 
64" ;  while  nitrate  of  lime  being  a  deliquescent  salt 
is  retained  in  the  menstruum  after  the  nitre  has 
been  separated  by  crystallization. 

The  stdphur  is  purified  by  a  double  process  of 
fusion  in  gun-mttal  pots  by  a  gentle  heat  for  about 
four  hours. 

The  value  of  gunpowder  greatly  depends  on  the 
quality  of  the   char-coal.     It  is   found  to   be  less 


contaminated  with  foreign  matters  when  prepared  in 
iron  cylinders,  instead  of  charcoal-pits :  the  best 
woods  for  the  purpose  being  the  black  dog-wood,  the 
alder,  and  the  Dutch  white  willow.  It  is  best  when 
newly  made  from  seasoned  wood ;  it  should  be  per- 
fectly charred,  and  exhibit  throughout  its  section  the 
same  appearance,  either  dead  black,  or  shining,  ac- 
cording to  the  nature  of  the  wood  :  it  should  be  soft, 
and  free  from  extraneous  particles,  so  as  not  to 
scratch  polished  metal :  it  should  give  out  no  smoke 
when  in  a  state  of  ignition,  and  yield  no  alkali  to 
boiling  distilled  water.  It  should  be  stored  in  small 
quantities  of  2  or  3  cwt.,  because  in  a  large  mass  it 
is  liable  to  spontaneous  combustion. 

The  three  ingredients  being  reduced  to  an  im- 
palpable powder,<are  mixed  together  in  a  barrel  in 
tlic  proportions  akeady  indicated,  iu  which  state  they 
are  conveyed  to  the  incorporating  cylinder  mi'll  in 
charges  of  42  lbs. ;  each  charge  is  moistened  with  2 
or  3  pints  of  water,  according  to  the  temperature,  or 
hygrometric  condition  of  the  atmosphere.  In  this 
mill  the  riumers  or  cylinders  are  0  feet  in  diameter, 
and  about  i8  inches  thick,  weighing  about  3  tons 
each  :  the  circular  bed  in  which  they  travel  is  about 
7  feet  in  diameter :  they  cannot  with  safety  be  allowed 
to  revolve  more  than  S  times  per  minute.  Both 
runners  and  beds  were  commonly  made  of  compact 
hmestone  or  marble,  but  it  has  been  found  that  east- 
iron  can  be  used  without  danger,  provided  the 
gudgeons  work  in  gun-metal.  Each  charge  requires 
to  be  'i\  hours  in  process  of  incorporation,  so  that 
this  period  regulates  the  quantity  of  gunpowder 
which  can  be  manufactured  at  one  incorporating  mill. 
^Major-General  Fanshawe  suggests,  "whether  by  a 
greater  degree  of  manipulation  in  the  mixing  tub,  s 
shorter  time  for  each  charge  would  not  suflice  midei 
the  cylinders  of  the  incorporating  mill,  and  thus 
produce,  without  compromising  the  thoroughly  close 
and  compact  combination  of  the  elementary  particles,  a 
much  greater  quantity  of  gunpowder  in  a  given  time." ' 

The  thorough  incorporation  of  the  ingredients  is 
most  essential  to  the  production  of  good  gunpowder. 
Considerable  experience  is  necessary  to  direct  the 
operation,  and  decide  upon  the  fitness  of  tlie  mixture, 
wliich  at  the  end  of  the  process  should  have  a  uniform 
grey  appearance.  The  mixture,  now  called  mill-cake, 
is  next  subjected  to  a  pressure  of  about  75  tons  per 
superficial  foot,  in  a  hydrostatic  press,  for  which 
purpose  mUl-cake  powder  is  placed  on  the  bed  oi 
follower  of  the  press,  and  separated  at  equal  distances 
by  sheets  of  copper,  so  that  when  taken  out  it  is  in 
the  form  of  large  thin  solid  cakes,  tei-med  press-cake. 
This  is  crushed  between  toothed  rollers  of  different 
successive  guages,  or  broken  by  wooden  mallets  into 
small  pieces,  which  are  put  into  parchment  sieves 
pierced  with  holes  of  the  size  required  for  the  par- 
ticular kind  of  gunpowder  which  is  being  manu- 
factured. The  sieves  are  mounted  in  a  frame 
suspended  at  the  comers,  to  which  a  shaking  motion 
is  given.  Each  sieve  contains  two  flattened  spheroids 
of  lignum-vita;,  which,  by  the  motion  given  to  the 
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fiMinc,  coiitluuc  to  cnisli  the  powder  until  it  is 
i-educcd  small  euougli  to  pass  through  the  holes  of 
the  sieve.  Tiio  gunpowder  is  received  into  hair-elotli 
sieves,  whieh  rctaiu  the  grabud  powder  and  allow 
tlie  dust  to  pass  through. 

The  next  operation  is  glazing,  for  wliioh  purpose 
tne  g\mpowdcr  is  put  into  a  canvas  cylinder,  or  large 
cnsk,  which  is  made  to  perform  40  revolutions  ]ipr 
niinvite,  and  by  the  rubbing  of  the  grains  against  each 
other  the  angular  points  are  broken  off,  and  the  grains 
acquire  roundness,  as  well  as  smoothness  and  polish 
of  surface.  The  latter  quality  is  sometimes  fraudu- 
lently imparted  by  putting  a  small  quantity  of  finely 
powdered  blaek-lead  into  tli-  :■'  i  ii-^  li.-in.  1 

The  processes  of  jn  I  -  i     ' 

importance,  the  one  fur  III  I  II  ■  .  in  i!    : 

density  to  the  grains,  ami  i  tir  nt'n.  r  a  |".lh!i  i.  1 1,,  :i 
surface,  by  which  the  powder  is  less  disposid  lo 
absorb  moisture,  and  stands  the  shaking  and  friction 
of  carriage  better. 

The  last  operation  is  to  dry  the  powder  thoroughly 
at  the  temperature  of  140°  or  150"  Pahr.  The  old 
method  of  drying  was  by  means  of  a  gloom-dove, 
consisting  of  a  large  cast-iron  vessel  protruded  through 
the  wall  into  the  drying-room,  and  heated  by  fire  on 
the  other  side.  The  present  method,  whieh  is  greatly 
to  be  preferred,  is  to  raise  the  temperature  of  the 
drying-room  by  means  of  steam-pipes,  or  to  transmit 
a  current  of  air  previously  heated  in  another  cliamber, 
over  canvas  slielves  containing  tlie  damp  powder. 

The  force  of  the  explosion  of  gunpowder  depends 
on  the  sudden  conversion  of  the  solid  rrmin-i  i'lio  tn-;, 
and  the  production  of  intense  heat  r  iiri-i.  ;!- 
action  of  the  combustibles  upon  tin   I  I       i  i 


especially  as  regards  the  evolution  of  carbonic  acid 
and  the  residuary  sulphurct  of  potassium.  Professor 
Graham  has  tlierefore  given  the  following  view  of  the 
results  of  the  deflagration  as  being  more  consistent 
with  experiment : — 


Carburetted  and  sulphuretted  hydrogen  and  vapour 
of  water  are  sometimes  found  among  the  products  of 
the   combustion   of  gunpowder;   but  as  good  gim- 


gaseous  products  may  be  collected  over  water  in  the 
pneumatic  trough.  The  port-fires  used  by  the  artil- 
lery answer  very  well  for  the  purpose  ;  but  in  these, 
not  only  is  a  slow  burning  powder  used,  but  the  com- 
bustion is  delayed  by  distributing  the  powder  through 
a  great  length,  and  subjecting  it  to  strong  com- 
pression. 

The  chief  use  of  the  sulplmr  in  gunpowder  is  to 
increase  its  combustibility  in  consequence  of  the  low 
temperature  at  which  it  burns;  but  the  larger  the 
proportion  of  the  sul]iliiii,  Ha-   «■  i   ir  will  be  the 

gunpowder.     Thus,  a  i     .  ! i       .  ;  1 -'  per  cent. 

of  sulphur  and  12  of  i  ' 
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li  anodness  of  gunpowder  may  bo  tested  by 
I  .1  uo  lieaps  of  about  00  grains  each  upon  clean 

\M  . ;  paper  3  or  4  inches  asunder,  and  firing  one  of 
ill  \  ii  li  a  red-hot  wire  :  if  the  flame  ascend  quiekly 

I  I  I  jodd  report,  sending  up  a  ring  of  while  smoke, 
a  a.  Ilia,  llie  paper  free  from  white  specks,  and  not 
burnt  into  holes,  and  if  no  sparks  fly  oft'  from  it  to  set 
lire  to  the  contiguous  heap,  the  powder  is  very  good  : 
if  these  tests  fail,  the  ingredients  are  badly  mixed,  or 


ion  of  1  volume  into  7S7-3.  But  as 
if  the  gases  at  the  moment  of  forma- 
,  aaJesecnt,  this  volume  may  ba 
IS  the  above  amount,  or  conf-i 
Miiio  times  the  bulk  of  the  solid. 
il  account  does  not,  however,  quite 
products   obtained  by   experiment, 
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Some  of  the  effects  of  ignited  gunpowder  are  truly 
astonisliing.  Count  Ruinford  loaded  a  mortar  with 
jVth  of  an  ounce  of  powder,  and  placed  upon  it  a  24- 
pouud  cannon  weighijig  S,0S1  lbs. ;  he  then  closed  up 
every  opening  as  completely  as  possible,  and  fired  the 
charge :  the  mortar  burst  with  a  tremendous  explo- 
sion, and  lifted  up  the  enormous  weight.  In  another 
experiment,  he  confined  28  grains  of  powder  in  a 
cylindrical  space,  which  it  just  filled ;  and  upon  beii 
fired,  it  tore  asunder  a  piece  of  iron  which  would  ha' 
resisted  a  strain  of  400,000  lbs.     [See  ArrENDix.] 

GUTTA  PERCHA.'  The  concrete  juice  of  a  forest 
tree,  native  of  the  shores  of  the  Straits  of  Malacca, 
Borneo,  and  the  neighbouring  countries.  The  natives 
had  themselves  discovered  its  valuable  properties 
before  they  became  known  to  Europeans.  They  con- 
structed whips,  buckets,  and  vessels  of  various  kinds 
out  of  the  hardened  juice,  and  thus  excited  the  atten- 
tion of  traveUers  to  a  substance  which  has  since  been 
applied  to  a  vast  variety  of  domestic  and  scientific 
pui-poses  in  this  country.  Their  method  of  proceed- 
ing, however,  has  been  of  the  most  destructive  kind, 
especially  since  tlie  demand  of  the  European  market 
for  this  substance  has  had  to  be  met.  Instead  of 
economising  their  treasure,  as  is  done  in  the  case  of 
tlie  caoutchouc,  by  tapping  the  tree  and  allowing  its 
juice  to  ooze  gradually  from  the  incision,  they  fell  the 
trees  lit  iincc,  and  removing  strips  of  bark  at  intervals, 
<■<•!.':']  ii;,:  ,  ;  J  1  ,:L;e  quantity  of  sap  at  one  time,  but 
.1  .::  :.  I:  .  uppUes  from  that  source.  This 
m'  I    lull  of  the  gutta  trees,  which  are 

iii'-r.in.;  '.-.1  .'I'  gr(.\vth,  must,  if  unchecked,  neces- 
sarily iuvolvo  the  destruction  of  the  traffic  which  is 
now  so  brisk  and  advantageous  in  this  article.  To 
put  any  cheek  upon  these  proceedings  is  said,  more- 
over, to  be  extremely  difficult ;  because  each  set  of 
explorers,  in  searching  after  these  trees,  is  more 
anxious  for  present  profit,  than  for  future  benefit  to 
the  trade.  A  very  small  quantity,  comparatively 
speaking,  is  to  be  obtained  by  tapping,  and  it  is  evi- 
dently to  the  interest  of  the  first  comers  to  get  a  full 
supply  of  sap  for  themselves,  without  considering 
those  who  come  after,  and  -who  might  very  probably 
cut   down  the   trees  if  they  had  been  spared  pre- 

The  first  accounts  which  reached  us  of  these  trees 
v\'ere  given  by  Dr.  Montgomerie,  of  Bengal,  who 
appears  to  have  been  the  first  person  to  notice  the 
native  use  of  this  substance :  this  was  in  1842.  In 
1S43,  Dr.  D'Almcida  iirescuted  a  specimen  of  their 
inspissated  jiinr  im  lir  J;.,v:il  Society  of  Arts,  and 

described  ^i i  -is  which  would  accrue 

from  its  um        I  .lion  led  to  no  results; 

but  anothrr,  II  ,  :•■  hnilv  aliir  by  Dr.  Montgomerie, 
was  more  suecLssful,  so  "that  by  the  united  efforts  of 
these  gentlemen  gutta  perclia  was  introduced  to  public 
notice,  and  soon  told  its  own  tale  to  our  manufacturers. 
They  could  not  be  blind  to  the  advantages  offered  by 


a  material  possessing  many  of  the  properties  of  caout 
cliouc,  with  others  in  addition  essentially  its  own. 
The  abundance  of  the  supply  also  encouraged  inven- 
tion, and  in  a  very  short  time  gutta  percha  was 
applied  to  multifarious  uses,  and  became  a  valuable 
auxiliary  in  the  arts. 

The  tree  which  produces  this  substance  is  from 
sixty  to  seventy  feet  high,  and  three  or  four  feet  in 
diameter.  Its  foliage  is  of  a  pale  green  on  the  upper 
side,  and  covered  with  reddish-brown  hairs  beneath. 
Specimens  of  the  floweis  and  fruit  aie  exceedingly 
difficult  to  be  pbtained.  The  tice  flouiibhes  luxuii- 
antly  in  alluvial  tiacts,  at  the  foot  of  hUls,  and  foims 
in  many  places  the  principal  part  of  the  jungle  in 
such  situations. 

Erom  commuuieations  of  Sir  W.  J.  Hooker  to  the 
London  Journal  of  Botany,  it  appeals  that  numerous 
well-dried  specimens  of  the  gutta  perciia,  though 
unfortunately  without  coiollas,  weie  sent  to  this 
country  by  Mr.  Lobb  during  his  botanical  mission  in 
the  east,  accompanied  by  sections  of  the  wood,  which 
is  peculiarly  soft,  fibrous,  and  spongy,  pale-coloured, 
and  traveised  by  longitudinal  leceptacles  or  reservoiis, 
filled  with  the  gum,  forming  ebony  black  Kues.  Ap- 
plication was  then  made  to  Dr.  Oxley,  of  Singapore, 
for  flow  Cling  specimens,  and  these  weie  immediately 
supplied  by  him  in  the  most  obliging  manner,  and 
transmitted  to  England  in  a  thin  box,  the  top  and 
bottom  of  which  were  made  of  sheets  of  the  gum 
itself,  (now  de))0sited  in  the  Museum  of  the  Royal 
Gardens  at  Kew )  Erom  the  more  accurate  know- 
ledge obtained  by  means  of  these  specimens,  Sir  W. 
J.  Hooker  was  able  to  refer  the  plant  to  Dr.  Wright's 
new  genus  of  SapotaocK,  caUed  Isonandia,  and  to 
name  the  ]AaxLt  Tso/uiiidra  ffii/ta.  Fig.  1116  represents 
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blossom,  as, — 1,  tlie  flower  scarcely  expanded ;  2, 
ditto,  with  the  corolla  expanded;  3,  the  pistil;  4, 
transverse  section  of  the  ovary ;  5,  vertical  section  of 
ditto ;  6,  the  anther ;  7,  the  scarcely  matured  fruit, 
natural  size  ;  S,  transverse  section  of  the  same. 

After  the  natives  have  cut  down  the  full-grown 
trees,  they  make  rings  in  the  bark  at  the  distance  of 
every  ten  or  twelve  inches,  placing  under  each  as  they 
make  it  a  cocoa-nut  shell,  or  the  spathe  of  a  palm,  as 
a  receptacle  for  the  mUky  sap  which  begins  to  flow 
immediately  that  the  incision  is  made.  The  sap  is 
collected  in  bamboos,  taken  to  their  houses,  and 
boiled  in  order  to  drive  off  the  watery  particles,  and 
inspissate  it  to  the  proper  consistence.  Boiling 
appears  necessary  when  the  juice  is  collected  in  large 
quantity,  but  when  a  small  quantity  is  allowed  to 
exude  from  a  freshly  wounded  tree,  and  is  collected 
and  moulded  by  the  hand,  it  eousolidates  perfectly  in 
a  few  minutes,  and  has  all  the  appearance  of  the  pre- 
pared article. 

Gutta  percha  when  quite  pure  is  greyish  white, 
but  it  is  generally  brought  to  market  of  a  reddish- 
brown  hue.  This  is  ascribed  to  chips  of  (he  bark, 
which  fall  into  the  sap  and  give  it  their  colour,  but 
in  addition  to  tliis  tiiere  are  frequently  other  matters, 
sMi  ii  I-  rv  .id-!  I  ui|ifisely  introduced  as  adulterants. 
])i    ''   !  -!       1  Hire,  in  an  interesting  description 

«.l  iii:~  ,1,1  I  uj.  .  iii.nt  printed  in  a  Singapore  period- 
ieai  i]i  liie  vear  isl7,  states  that  the  tree  which  yields 
gutta  percha  was  formerly  very  abundant  on  that 
island,  but  already  all  the  large  timber  has  been 
felled,  and  few  but  very  small  plants  are  to  be  found. 
"  The  range  of  its  growth,"  he  says,  "  appears  to  be 
considerable,  it  being  found  all  up  the  Malayan  pen- 
insula, as  far  as  Pcnang,  where  I  have  ascertained  it 
to  be  abundant,  although  as  yet  the  inhabitants  do 
not  seem  to  be  aware  of  the  fact,  several  of  the  mer- 
cantile houses  there  having  sent  down  orders  to 
Singapore  for  supplies  of  the  article,  when  they  have 
the  means  of  supply  close  at  hand.  The  tree  is  also 
found  in  Borneo,  and  I  have  little  doubt  is  to  be 
found  in  most  of  the  islands  adjacent."  Respecting 
the  wholesale  destruction  of  the  trees,  tlie  same  writer 
observes, — "The  quaiilii;  hI  i:iiI!,,  -rl,iaincd  from 
each  tree  varies  from  In        '  :;   ■     lirs,  sothat, 

taking  the  average  at  u  .  -  a  tolerably 

liberal  one,  it  will  requiit  •-'.-■:  u--:;uLr'i.::i  .jf  ten  trees 
to  produce  one  picul.  Kow  the  quantity  exported 
from  Singapore  to  Great  Britain  and  the  continent 
from  ]st  January  1845,  to  July  1847,  amounts  to 
6,918  piculs,  to  obtain  which  09,180  trees  must  have 
been  sacrificed.  How  much  better  would  it,  there- 
fore, be  to  adopt  the  method  of  tapping  the  tree, 
practised  by  the  Biu-mese  in  obtaining  the  caoutchouc 
from  the  Ficiis  elastica,  (viz.  to  make  incisions  in  the 
bark,  placing  bamboos  to  receive  the  sap,  which  runs 
out  freely,)  than  to  kill  the  goose  in  the  mamier  they 
are  at  present  doing.  True,  they  would  not  at  first 
get  so  much  from  a  single  tree,  but  the  ultimate  gain 
would  be  incalculable,  particularly  as  the  tree  seems 
to  be  one  of  slow  growth,  by  no  means  so  rapid  as 
the  Ficus  elastica.     I  should  not  be  surprised,  if  the 


demand  increases,  and  the  present  method  of  exter- 
mination be  persisted  in,  to  find  a  sudden  cessation 
of  the  supply." 

The  great  peculiarity  which  makes  gutta  percha 
convenient  and  valuable  for  a  variety  of  purposes  is, 
that  when  plunged  into  boiling  water,  it  becomes  so 
soft  and  plastic  as  to  be  easily  moulded  into  any 
desired  form,  and  this  form  it  permanently  retains  on 
cooling.  It  was  the  discovery  of  this  fact  which  first 
led  the  Malays  to  fabricate  it  into  whips,  and  subse- 
quently into  basins,  jugs,  shoes,  traces,  &c.  The 
medical  profession  soon  became  aware  of  its  extreme 
value  and  applicability  in  the  practice  of  surgery. 
Dr.  Oxlcy  early  discovered  it  to  be  "the  best  and 
easiest  ai)plication  ever  yet  discovered  in  the  manage- 
ment of  fractures,  combining  ease  and  comfort  to  the 
patient,  and  very  much  lessening  the  trouble  of  the 
sm-geon."  He  also  employed  it  for  bougies,  capsules, 
tubes  for  syringes,  &c. 

Gutta  percha  tubing  has  been  found  extremely 
useful  for  water  service,  and  for  the  conveyance  of 
sound.  Its  extraordinary  strength  fits  it  for  the 
former  use  in  a  remarkable  degree.  A  series  of  inte- 
resting experiments  were  made  twoor  three  years  ago  at 
the  Birmingham  water-works,  to  ascertain  the  st  rength 
of  tubes  of  f  inch  diameter,  and  \  inch  thickness. 
These  were  attached  to  the  iron  main,  and  sulijeeted 
for  two  months  to  a  pressure  of  two  luuub-cd  IVct 
head  of  water  without  being  in  any  way  deteriorated. 
In  order  to  ascertain  the  maximum  strength  of  the 
tubes,  they  were  cormeeted  w'ith  the  company's 
hydraulic  proofing  pump,  the  regular  load  of  w^liich  is 
250  lbs.  on  the  square  inch.  At  this  point  they  were 
unafl'ected,  and  the  pump  was  worked  up  to  .'337  lbs., 
but  to  the  astonishment  of  every  one  the  tubes  still 
remained  perfect.  It  was  then  proposed  to  \i'ork  the 
pump  up  to  500,  but  it  was  found  that  the  lever  of 
the  valve  woidd  bear  no  more  weight.  The  utmost 
power  of  the  hydraulic  pump,  therefore,  was  inef- 
fectual to  burst  these  tubes. 

In  the  conduction  of  sound  gutta  percha  is  also 
found  remarkably  useful.  Speaking  tubes  of  this 
substance  for  the  conveyance  ot  messages  are  now 
fitted  up  in  mines,  railway  stations,  prisons,  work- 
houses, hotels,  and  other  large  establishments.  Par- 
tially deaf  persons  are  found  to  appreciate  its  value : 
an  ingenious  apparatus  for  their  use  has  been  devised, 
including  the  distribution  of  the  gutta  percha  tubing 
over  a  church  or  other  large  building,  so  that,  by 
seating  themselves  at  particular  parts  where  these 
tubes  terminate,  such  persons  are  al)le  to  hear  dis- 
tinctly the  sermons  or  speeches  delivered  therein. 

Gutta  percha  is  also  brouglit  to  the  aid  of  tlie 
architect  in  the  ornamental  work  of  the  interior  of 
houses.  It  appears  to  be  admirably  adapted  for 
cornices  and  centres  for  ceilings,  also  for  picture- 
frames,  aud  many  other  uses  to  which  plaster  and 
papier  mache  have  hitherto  been  applied.  It  has 
likewise  been  employed  for  door  handles  and  plates, 
for  knife-handles,  vases,  baskets,  &c.,  for  the  stopping 
of  decayed  teeth,  and  for  printing  in  relief.  The  clear, 
sharp  impression  it  receives,  and  the  toughness  of  the 


GUTTA  PERCHA. 


substance,  bave  made  it  very  useful  in  books  for  tbe 
blind,  and  in  maps  embossed  for  their  benefit.  In 
solution  this  substance  is  employed  in  waterproof 
clothing ;  mixed  with  caoutchouc  and  other  sub- 
stances it  is  made  into  a  light,  porous,  spongy 
material,  suited  for  stuffing  or  forming  the  seats  of 
chairs,  cushions,  and  mattresses.  Springs  of  clocks, 
clasps,  belts,  garters,  and  string,  are  prepared  from  a 
modification  of  the  above  mixture,  while  moulds  and 
balls  of  gutta  pcrcha  are  produced  of  a  hardness  suffi- 
cient to  bear  turning  in  the  lathe,  like  wood  or  ivory. 
A  varnish  may  also  be  made  in  wliich  gutta  percha, 
being  tlie  piincipal  ingredient,  may  be  used  to  give  a 
\\   '   .■:':••  f  r  \r;;>,u'  to  otlicr  substanccs. 

I  ;       I      ili>olves  at  ordinary  temperatures, 

;  ;  M  :•  ;i  higher  heat,  in  sulphuret  of  carbon. 

T'r  !  i:i')u  l.ivrs  behind  on  a  glass  plate  a  thin 
coaling  possesNiiig  all  the  properties  of  gutta  percha 
unaltered.  Pasteboard  boxes  coated  over  mth  this 
may  be  made  to  hold  water. 

Electrical  experiments  are  aided  by  the  use  of  gutta 
pcrcha,  for  it  lias  been  found  by  Dr.  Faraday  to 
possess  high  insulating  power.  A  letter  from  this 
dlslingui^hed  philosnphcr,  publi^-hcd  in  tlie  "  Philoso- 
j,;,'    il  M.ij'  ':■,":■.  ^r  ::■'■  1  ^  ;-,  l!'.  r^  the  following 

1    :      .    •  ,    :  ,  ■   .         Virceofsbell- 

fikiuicnt ;  l)ut  being  tongh  and  flexiljle  wh'cn  cold,  as 
well  as  soft  when  hot,  it  will  serve  better  than  shell- 
lac,  in  many  cases  where  the  brittleness  of  the  latter 
is  an  inconvenience.  Thus  it  makes  very  good  handhjs 
for  carriers  of  electricity  in  experiments  on  induction, 
not  being  liable  to  fracture ;  in  tbe  form  of  thin  band 
or  string,  it  makes  an  excellent  insulating  suspender ; 
a  piece  of  it  in  sheet  makes  a  most  convenient 
insulating  basis  for  anything  placed  on  it.  It  forms 
excellent  insulating  plugs  for  the  stems  of  gold-leaf 
electrometers,  when  they  pass  through  sheltering 
tubes,  and  larger  plugs  supply  good  insulating  feet  for 
extemporary  electrial  arrangements :  cylinders  of  it, 
half  an  inch  or  more  in  diameter,  have  great  stiifiiess, 
and  form  excellent  insulating  pillars.  Because  of  its 
good  insulation,  it  is  also  an  excellent  substance  for 
the  excitement  of  negative  eleetrieity.  It  is  hardly 
possible  to  take  one  of  the  soles  sold  by  the  shoe- 
makers out  of  paper,  or  into  the  hand,  without 
exciting  it  to  such  a  degree  as  to  open  the  leaves  of 
an  electrometer  one  or  more  inches ;  or  if  it  be  un- 
eleotriried,  the  slightest  passage  over  the  hand  or 
face,  the  clothes,  or  almost  any  other  substance,  gives 
it  an  electric  stale.  Some  of  the  gutta  percha  is  sold 
in  very  thin  sheets,  resembling,  in  appearance,  oUed 
silk;  and  if  a  strip  of  this  be  drawn  through  the 
fingers,  it  is  so  electric  as  to  adhere  to  the  hand  or 
attract  pieces  of  paper.  The  appearance  is  such  as 
t'j  suggest  the  making  of  a  thicker  sheet  of  the 
si'i  ■    :- t    !;,■  .  ','.     r'tcfiieal   machine   for  the 

;  tiicity.     Then  as  to  in- 

i!  ,.         '  Milistance,  a  sheet  of  it  is 

s-  ':  i-nviMil  i..:-'  ;ii  i  \'rllrnt  electrophorus ;  or  it 
mav  be  coated,  and  used  in  place  of  a  Leyden  jar,  or 


in  any  of  the  many  other  forms  of  apparatus  dependent 

The  properties  thus  noticed  could  1     ■:'     '   '     ' 
bring  this  substance  into  use  in  tr!i 
munication.    Being  flexible,  impervim;- 
possessing  insulating  power,  it  is  thr  : 
of  aU  substances  as  a  coating  or  tubing  for  tlie  eopicr 
wire  of  submarine  telegraphs.     Thus  it  aids  in  pro- 
ducing the  most  marvellous  annihilation  of  time  and 
space  our  age  has  yet  witnessed.     G  iit  t  a  percha  has 
been  analysed  by  Dr.  Maelagan,  who  obtained  as  its 
percentage    composition,    carbon    86'36;    hydrogen 
12-15;  the  remainder  1-40,  was  most  probably  oxygen 
absorbed  from  the  air  during  the  process  of  purifying 
it,  as  the  substance  whilst  heating  on  the  vapour 
bath  acquired  a  brown  colour. 

llespeeting  the  purification  of  gutta  pcrcha.  Dr. 
Oxley  gives  a  good  hint  to  manufacturers  when  he 
says  that  gutta  ought  not  to  reqnii-e  an  elaborate 
process :  the  simple  boiling  in  water,  and  rolling  out 
into  sheets,  whence  all  foreign  matter  can  be  easily 
picked  off,  is  the  only  process  he  employs,  and  this  he 
thinks  woidd  be  generally  sufficient,  if  manufacturers 
ill  giving  their  orders  would  take  the  precaution  of 
requiring  that  the  article  should  be  strained  through 
a  cloth  at  the  time  of  its  collection,  and  if  they  would 
encourage  the  natives  to  do  this,  by  offering  a  some- 
what higher  price  for  gutta  percha  so  prepared.  A 
vast  deal  of  trouble  and  expense  might,  in  his  opinion, 
bo  saved  in  this  way,  and  the  various  processes 
rendered  unnecessary,  wluch  have  from  time  to  time 
been  suggested  for  the  purification  of  gutta  percha. 

The  preparation  of  this  substance  for  use  is  carried 
on  on  a  large  scale  in  the  following  maimer.  The 
lumps  of  guita  as  they  are  received  at  the  factory 
are  first  brought  within  the  action  of  a  vertical  wheel, 
on  the  face  of  which  are  fixed  three  knives,  which,  as 
the  wheel  moves  at  the  rate  of  two  hundred  revolu- 
tions per  minute,  rapidly  cut  the  lumps  into  thin 
slices,  discovering  whatever  adulterating  materials 
may  be  contained  therein.  The  gutta  thus  torn  up 
is  not  uniform  in  colour  or  texture,  but  it  is  rendered 
so  by  the  subsequent  operations.  It  is  first  softened 
by  soaking  in  hot  water,  (by  which  also  the  dirt 
and  other  impurities  become  separated  from  it,) 
and  then  thrown  into  a  rotating  machine,  where  it  is 
dragged  asunder  by  jagged  teeth  and  reduced  to 
fragments.  These  fragments  fidl  into  water,  which 
still  further  tends  to  purify  them,  and  are  then 
softened  into  a  paste  in  hot  water,  kneaded,  and 
rolled  between  heated  cylinders  so  that  all  parts  may 
become  thorouglily  mixed  and  miiform.  It  may  be 
then  rolled  out  into  sheets  between  steel  rollers,  or 
passed  in  the  mass  through  heated  iron  cylinders, 
and  made  into  tubes,  or  converted  to  the  thousand 
purposes  of  ornament  or  use  which  wc  have  briefly 
indicated.  In  the  Great  Exhibition  gutta  percha 
was  seen  in  a  vast  variety  of  forms,  but  none  were 
more  interesting  than  those  which  illustrated  the  suc- 
cessive stages  of  its  manufacture.  The  original  lump, 
the  slices,  the  shreds,  the  kneaded,  mass,  the  sheets 
ready  for  use;    all  appeared  there.     A  very  inge- 


nious  aoaptation  of  the  substance  to  making  stereo- 
type plates  attracted  nmeh  notice.  A  mould  is  taken 
by  pressure  of  a  page  of  type  with  woodcuts,  in  gutta 
perelia;  from  this  mould  a  cast  is  obtained  on  a 
cylinder  of  gutta  percha,  and  from  this  last  the 
printing  is  carried  on.  An  hour,  it  is  said,  sutEces 
to  make  both  mould  and  cylinder. 

GYPSUM  is  one  of  the  varieties  of  native  sulphate 
of  lime,  and  is  so  named  from  y^,  earth,  and  (■^av,  to 


Fibrous  gypsum,  or  satiustouc,  is  mucn  softer  tli 
alabaster,  and  is  fashioned  into  necklaces,  &c.  of  cc 
sidcrable  beauty. 

An  anhydrous  variety  of  gypsum,  or  one  comaim' 
no  water,  is  known  to  the  mineralogist  as  aiilii/drit 
it  is  harder  and  denser  than  selenite,  its  specific  grav: 
being  2-9G;  it  somrfMi--  pniitn.:n"  pnnimnn  salt,  wh 
it  is  called  ot/c/-/.,,,  '       I     i  .    Jly  massive  a 

lamellar,   rarely   n.      '  i  >  i,    1  .     i     Miscci)tiljlc 


in  the  Loudon  and  .. 
tory  is  iu  the  rock  r 
stone.  Numerous  rp 
and  those  of  Derby 


employ  It  u, 
ran  'be  bro 


the  nauic  of  Mad.-c  di  lltvi/amo. 
u  calcined  and  reduced  to  powder, 
to  a  pulpy  mass  by  admixture  with 


.shire 


tingha 

Derbyshire  gypsum  .nn    ,       ' 

such  articles  of  podu  .        i 
common  wheel.    Tlif  i  i      '  ^  ^  i  i ' 

reserved  for  ornamcui.il  innjii.  ,  mm 
small  statues,  &c.,  of  which  a  coubid( 
factnre  exists  iu  Derby.  Gypsum  i 
generally  bears  the  name  of  uluhatfli-r}  ai 
able  for  its  softness,  purify  of  ri.l.Mii- 


iled,  its 


by  ordinary  w 


llic  priuiitivc  rocks,  often  of  the  pmcbt  white, 
cially  at  Mouticrs,  near  Mont  Blanc,  and  ne: 
sujnmit  of  Mont  Cenis. 

There  is  also  a  crystallized  or  hydrous  vari 
gypsum  (CaO,  SOn,  2  HO).     It  is  caUed  sclcnUe 
iT(K-l]vr],  the  moon,  iu  reference  to  its  soft  lustre 
[irimitive  form  of  selenite  is  a  rhombnlihil  prism 
crystals  arc  commonly  trarisparmt ,  nl    .1    i^   ji, 
and  of  various  colours,  and  it  is  SI 
to  the  nail.     These  crystals  arr  oi;.       !     .     :, 
argillaceous  strata,  as  at  Alstuu  111  CumI  ■  1 
at   Shotovcr  Hill  in  Oxfordshire,  accomj.  1  1 
shells  and  pyrites.      These  crystals  arc   (mi 
division  iuto  thin  plates,  if  split  in  a  dinri  i.  .m 
to  their  two  broad  pl;i;u         Tlii=  v,;,;  ' 
ancient  llomans,  wlin  I      '  >  1,    ,     I 

transparent  plates  iusi  '> 


iiianu-  two  kinds  of  gypsum,  the  puhr 
i  form  pact;  the  latter  was  obtained  in 
pmark-    burnt  in  furnaces,  and  then  rcilm 


occurred  in  the  plaster  casts  to  be  rectified. 
Gypsum  was  also  employed  in  stucco  work  for 
wreaths,  medallions,  and  other  ornaments  of  ceilings, 
cornices,  &c. 

The  piu'cst  gypsum  is  required  in  making  casts : 

the   best   part   of  the   crystalline  gypsmn  rocks  of 

:wark  is  well  adapted  for  IIk.I  I  III  I  .        'I'M    >huuld 

bo  quarried  in  dry  weathei-,   -  '        'liiid 

slieds,  and  conveyed  to   tin     J        -:    :,     iluiurc 

I  perfectly   dry   state.      It    ■     1     1  ■  I    into 

or  three   qualities,   thr   <     .      I    ;    .'    -1    .arh 

y  i  block,  which  is  the  finest  .-mi   '         I  :..iiil. 


of  'A 


were  glazed  for  the  pi. 

winter,  and  beehives  \\ 
)se,  as  Pliny  states,! I i' 
orkiug  of  those  ii 


,  The  caloini  _ 

till-      n-vpsum,     previously     nMlni.l     In      ■    ;  .lil     pirrnS, 

!ii:.-kly  strewn  on  the  floor  of   the  oven  to  the 

:  I  t.f  five  or  six  inches.     The  door  is  then  closed, 

;  I  Milt  in  that  state  for  twelve  hours,  after  which 

II    IS   oi)ened,   but   the  gypsum  is  left  for  two   or 

I  three  houi-s  longer.     It  is  then  placed   in  covered 

I  boxes  for  some  hours,  and  finally  ground  between 

sluacs,  and  run  through  a  lawn  sieve.     Tlils  process 

_;;\<  .  a  gypsum  fit  for  medal  in -nn,    siJ  "I'li  !■  Hue 

ir<:    Gypsum  in  this  ,,.   ■.,..,  ...  be 

urd  uninjured  for  any  1  .,   :        n   per- 

lutly  excluded  from  the  air,   !    '  i.aily 

.uipossible, itisbetter  not  to  |iii  !  .1    ;i  :  :;i miity 

it  one  time.  The  quality  d  •''■■  \  ■•''■■'  '■•^'}'  be 
:ested  by  an  experienced  per.si  III  ii,!.  i>  .imi/iiig 
.t  in  the  hand:  if  it  cohere  sliglniy,  iii.e  Mlie.u-llour, 


it  is  good;  but  if  it  fall  to  pieces  rmmediately,  it  has 
been  injured  by  damp.  In  the  baking  of  the  gypsum 
care  must  be  taken  not  to  overheat  it,  or  it  will  assume 
the  crystalline  character  of  anhydrite,  and  not  set  on 
the  addition  of  water.  The  specific  gravity  of  an- 
hydrous sulphate  of  lime  (artificial)  is  2-927. 

Considerable  judgment  and  care  are  required  in 
mixing  the  gypsum  with  water,  and  in  giving  the 
plaster  just  the  proper  degree  of  fluidity  which  will 
cause  it  to  enter  all  the  lines  of  the  mould,  and  not 
that  excess  which  woidd  render  the  finished  work 
porous  and  fragile.  The  powder  must  be  shaken  into 
the  water  by  degrees,  or  better  still,  dropped  ui  by 
hand,  and  distributed  so  that  it  may  not  collect  in 
lumps,  but  become  gradually  and  completely  soaked. 
This  should  be  continued  till  the  powder  comes  to  the 
level  of  the  water,  if  for  thin  plaster,  and  until  it 
stands  slightly  above  it  if  a  strong  one  is  required. 
It  is  left  undisturbed  for  a  few  seconds,  and  then 
gently  stirred  with  a  spatula  until  it  thickens,  when 
it  is  immediately  poured  into  the  mould.  Good 
plaster  should  be  of  the  consistence  of  cream,  and 
will  set  or  become  solid  in  ten  minutes,  tliough  it  is 
not  safe  to  remove  the  mould  until  half  an  hour  has 
elapsed.  The  nature  of  the  water  used  will  affect  the 
setting  of  the  plaster,  for  it  is  found  to  set  a  few- 
seconds  earlier  with  river-water  than  with  spring- 
water  ;  hence,  where  large  castings  are  to  be  per- 
formed, tlie  first  quantity  is  mixed  in  river-wafer,  the 
second  in  spring-water,  to  allow  the  necessary  time 
for  applying  them.  There  are  modes  well  known  to 
the  workmen  of  hastening  or  retarding  the  setting; 
for  the  former,  hot  water  or  salt  and  water  can  be 
used ;  for  the  latter,  a  little  size,  beer,  or  urine, 
mixed  with  water,  will  retard  it  four  or  five  hours. 
But  all  these  expedients  are  objectionable,  as  injuring 
the  quality  of  the  plaster. 

To  prevent  the  plaster  adhering,  the  mould,  or 
original,  is  first  smeared  with  oU,  or  if  marble  statues 
are  to  be  operated  on,  which  would  be  injured  by  oil, 
then  a  substitute  is  found  in  first  brushing  the  sur- 
face with  wliite  of  egg,  and  when  this  is  dry  applying 
a  strong  solution  of  soap  in  water  mixed  up  with 
a  little  clay.  Plaster  casts  may  be  hardened,  and 
made  to  look  somewhat  like  marble,  by  first  drying 
them  gradually  at  a  moderate  heat,  and  then  coat- 
ing them  with  melted  white  wax.  The  casts  are 
then  warmed  nt  the  fire  until  the  wax  is  absorbed, 
when  a  translucent  appearance  is  given  to  the 
oast,  and  a  considerable  polish  may  bo  obtained  by 
friction. 

In  all  objec(s  presented  in  relief,  it  is  obvious  that 
in  order  to  get  a  copy  also  in  relief,  a  hollow  moidd 
must  first  be  made  on  the  original,  and  the  plaster 
poured  into  this  mould.  In  medid-castiug  these 
moulds  are  often  made  of  sulphur,  but  this  is  perhaps 
inferior  to  white  wax,  which  gives  a  very  perfect  im- 
pression of  the  medal.  Into  the  mould  thus  formed, 
plaster  is  poured,  at  first  thinly,  and  worked  into  all 
the  cavities  with  a  camel's-hair  pencil,  tnen  more 
plaster  is  added,  and  the  whole  left  for  half  an  hour 
to  harden. 


Inferior  kinds  of  gypsum  are  used  for  building 
material  and  for  floors,  for  the  former  it  is  burnt  m 
kUns  on  a  large  scale,  and  the  cement  made  from  it 
is  mixed  \vith  sand  as  well  as  water.  Eor  floors,  the 
same  kind  of  gypsum,  fii'st  dried  at  a  veiy  gentle  heat, 
is  pulverized,  and  then  put  by  itself  in  an  iron  pot, 
and  placed  over  the  fire.  The  lower  particles  are 
soonest  heated,  and  their  water  of  crystallization, 
amounting  to  21  per  cent,  of  the  whole,  is  converted 
into  steam,  which,  escaping  through  the  incumbent 
mass  of  powder,  gives  it  an  undulatory  motion ;  hence 
this  process  is  called  boiling,  although  no  liquid  is 
used.  Wten  all  the  moisture  is  driven  off,  the  motion 
ceases,  and  the  gypsum  is  ready  for  use. 

Many  years  ago  Professor  Emmet'  showed  that 
raw  or  native  gypsum  may  be  rendered  capable  of 
perfect  solidification  -without  having  undergone  the 
operation  of  burning.  If  the  raw  gypsum  be  finely 
pulverised,  and  mixed  with  a  solution  of  caustic 
potash,  of  carbonate  or  bicarbonate  of  potash,  sul- 
phate, silicate,  or  double  tartrate  of  the  same  alkali, 
it  undergoes  immediate  and  perfect  solidification. 
The  solid  plaster  thus  formed  does  not  appear  to 
differ  from  the  burnt  plaster  set  in  the  ordinary  way, 
except,  of  course,  in  chemical  composition ;  and  it  Ls 
remarkable  that  the  solid  masses  when  broken  up 
and  worked  with  fresh  portions  of  the  solutions, 
recover  their  tendency  to  set,  even  though  the  opera- 
tion be  repeated  three  or  four  times. 

There  is  a  marked  difference  in  the  time  required 
for  the  operation.  Solutions  of  carbonate  and  sul- 
phate of  potash,  if  sufficiently  dilute,  produce  their 
effects  so  slowly  as  to  admit  of  complete  incorpora- 
tion; whereas  Kochelle  salt  acts  as  soon  as  the 
powder  touches  the  fluid,  and  all  subsequent  motion 
weakens  the  cohesion. 

It  is  a  remarkable  fact  that  the  addition  of  one  or 
two  per  cent,  of  sulphate  of  potash,  of  alum,  or  of 
borax,  delays  the  setting  of  plaster  of  Paris  three  or 
four  houi-s,  and  converts  it  into  a  stone-like  body  of 
a  higher  specific  gravity  than  the  ordinary  set  plaster. 
The  method  of  making  the  adtiition  of  one  of  the 
above  salts  is,  to  bake  the  lumps  of  gypsum,  so  as  to 
deprive  them  of  their  wafer  of  crystallization,  and  to 
quench  them  in  a  solution  of  one  of  the  above  salts  ; 
then  to  bake  again  at  a  red  heat,  and  aftei-w-ards  grind 
to  powder.  On  mixing  this  powder  up  with  water  in 
the  usual  way  it  will  take  three  or  four  hours  to  set, 
and  will  form  a  hard  dense  soKd.  The  addition  of 
one  of  the  above-named  salts  also  prevents  the 
gypsum  from  assuming  a  crystalline  character  by 
overheating,  and  even  allows  a  much  higher  tempera- 
ture to  be  used  in  the  burning  without  injury. 

The  fijiest  pure  white  compact  gypsum,  found  near 
Derby,  is  the  alabaster,  of  which  we  have  already 
spoken.  But  this  is  inferior  to  the  beautiful  alabaster 
of  Italy,  which  is  also  employed  in  sculpture.  The 
Italian  alabaster  is  semi-transparent  when  first  raised 
from  the  quarry,  and  is  wrought  into  the  desired 
form  while  in  this  state ;  but  it  is  then  usually  ren- 
dered more  opaque  by  being  entirely  surrounded  and 
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covered  by  cold  water,  wliicli  is  gradually  raised  to 
the  boiliug  point.     The  temperature  is  then  allnwod 
to  decline  to  about  70'  or  SO''  Fiilir.,  wlir-n  tlio  r.!,- 
ject  is  taken  out,  wrapped  iu  ;i  ('■  "'i,      il     1'        ! 
remain  until  di-y.     After  this  pi  i 

gradually  assuiufs  uu  opaque  ^i,.,  .,,-<.      I  ,  :    ;       i 


alabaster,  rcquuL  uul^  a  Ilw  tuuls  lu  llit  Muikuig ; 
namely,  points  for  "  roughing  out,"  il.it  cliiiels  for 
smoothing,  and  one  or  two  common  chisels,  giomid 
concave,  and  convex,  for  curved  lines.  The  car\  ed 
parts  are  done  by  hand  with  small  gouges,  chisels, 
&c.,  and  are  then  smoothed  with  bent  rasps  and  files, 
called  rifflers,  scraped  with  a  tiiangular  scraper,  and 
fuithcr  smoothed  with  flsh-skiu  or  glass-paper,  and 
with  Dutch  rush  used  with  water.  In  general,  the 
smooth  dead  effect  in  carved  alabaster  is  preferred, 
but  where  the  polish  of  certain  portions  is  required 
by  way  of  oontiast,  those  parts  are  worked  with  the 
end  of  a  stick  of  deal,  or  other  soft  wood,  supplied 
with  Trent  sand  and  water,  and  afterwards  with  a 
stick  and  putty-powder  iu  water.  The  polishing  of 
turned  works  is  effected  by  taking  a  piece  of  fine  soft 
sandstone,  and  applying  it  with  water  to  the  work, 
moving  the  sandstone  all  over  it  while  it  is  in  rapid 
revolution,  until  there  is  worked  up  a  body  of  mud, 
then  this  mud  is  well  rubbed  with  a  wet  rag  on  the 
alabaster,  which  is  afterwards  washed  clean,  and 
finished  off  with  another  rag  charged  with  a  mixture 
of  putty-powder  and  soap  and  water. 

Alabaster  is  not  so  often  used  by  the  lapidary  as 
by  the  sculploi,  but  its  treatment,  when  employed  by 
lli(  I  iiMi  ,  II  ^  Miiuowhat  from  the  goneial  prac- 
t  '  111  s ;  therefore  we  give  a  short 

.1 1 i  1 1 pf ion  fuToiished  to  M.  Holtzapffel 

In  \M)iking  .ildiasler  to  the  required  forms,  the 
lapidary  first  employs  the  slitting-mill,  which  is  a  thin 
plate  of  ii-on  fixed  on  a  vertical  spindle,  and  made  to 
revolve  with  moderate  velocity,  the  edge  being 
charged  with  diamond  powder,  and  lubricated  with 
the  oil  of  brick.  The  alabaster  is  then  roughly 
ground  at  a  rovghing  or  lead-null,  which  is  a  flat 
cn-cular  plate  of  lead,  fixed  on  a  spuidle,  and  travel- 
ling on  a  hmizontal  plane:  this  is  abundantly  sup- 
plied with  coarse  emery  and  water  by  means  of 
a  brush.  The  alabastir  is  nmvLd  to  and  from  the 
centre  of  the  rapidly-ii  \  \  x  1  m'  1  li1  ihemaiks 
of  the  slitting-mill' .11  I   ili'    sfcjnc  is 

reduced  to   a  flat  tun  i  1    i    la    is  tliLU 

smoothed  at  the  samu  inul  unu  lluiit  i  iuliv,  after 
which  it  is  removed  to  the  wood  null  to  be  smoothed. 
This  is  a  disk  of  mahogany  used  with  flour-emery 
and  water:  it  is  more  effective  thai  the  roui;hing- 
mill,  because  more  clastic,  ami  l"i  i  1      -li 'lit 

roughnesses  of  its  face  from  1 1  1 1  ■ 

fibres  of  the  wood  act  more  ly  '  ■> 

lilv  than  metal.  The  alabasln  in  i  I.  1<  i 
polishing,  which  is  aecomplishtd  at  Sl  It^l  i,nll  \Mth 


pumice-stone  and  water ;  but  as  the  list,  wliich  is 
wound  on  spirally,  is  very  elastic,  flat  works  must  Ijc 
I''_-1ifly  applied,  or  they  will  sink  into  the  soft  face  of 
i-f-iiiill,  and  become  rounded  at  the  edges.  The 
iii-C  is  completed  at  a  leather  lap,  or  thick  piece 
'I  iiiiir  liathcr,  pasted  onawooden  disk,  and  supplied 
with  fine  putty-powder  and  water.  Sometimes  the 
naked  hand,  and  a  little  moistened  putty -powder,  arc 
finally  used  for  the  last  polish.  Amber,  coral,  jet, 
malachite,  steatite,  turquoise,  and  some  other  sub- 

Tlie  cleaning  of  alabaster  is  effected  as  follows. 
The  soiled  object  is  immersed  in  cold  spring-water  for 
four  or  five  days  :  the  water  is  then  changed,  and 
a  small  quantity  of  lime  is  added,  in  which  solution 
the  alabaster  is  allowed  to  remain  four  or  five  days 
longer.  It  is  then  thoroughly  rinsed,  and  exposed  to 
dry  in  the  open  air.  If  the  process  fails  on  the  first 
trial,  it  is  repeated,  and  sometimes  a  third  application 
becomes  necessary.  Earthemi  are-pans  should  be  used, 
as  wooden  tubs  stain  the  alabaster.  Objects  that 
consist  of  several  jiieces  will  be  severed  by  this  pio- 
cess,  but  can  easily  be  i.^  united  witli  jihstrr  of  p.ms. 
The  pores  of  the  a'lil.  i  '1  '  i  1 ,  i  .  '  iml  it 
will  exhibit  its  n.iti  >  u- 

anee;  but  the  im  i  i     i  1  li\ 

using  putty-powdti       u'     !        i 

Oiieutal  alabastci  is  a  i. in,  mi- 

materially  from  the  above     n  '      <  u- 

boiuite  of  lime,  of  the  same  li  i  '       nd 

id  for  similar  purposes.     It  i    .    uw  ul  .i.l    li  lUs, 


from 


white  t 


coloured  zones.  The  magmficent  Belzoni  sarcophagus, 
purchased  by  Sir  John  Soane  for  1,000  guineas,  and 
exhibited  at  his  museum,  is  of  stalagmite.  There  are 
also  fine  specimens  in  the  Egyptian  Gallery  of  the 
Biitish  Museum. 

HEMATITE,  or  red  iron  ore,  from  the  Greek,  in 
allusion  to  its  blood-red  coloui-;  but  the  original 
meaning  of  the  term  is  so  far  lost,  that  mineralogists 
speak  of  biotrn  and  black  haematite.  [See  Iron.] 
Eig.  1117  is  a  reprcientation  of  a  specimen  of  red 
haematite. 


HAIR,  as  an  object  of  inanuf.u 
sorts,  such  as  human  hair  and  / 
is  used  chiefly  for  making  \a  i  _ 

waste,  forms  what  is  calkd    I'n 
facture. 


Human  hair  is  cLielly  imported  from  France  (whicli 
produces  the  finest  and  softest  hair),  from  the  north  of 
Germany,  and  from  Italy.  Smaller  quantities  are  ob- 
tained from  Great  Britain,  India,  and  China,  and  also 
from  Bohemia,  Austria,  and  Belgium.  Hair  from 
India  and  China  is  too  coarse  to  be  of  much  value ; 
that  from  Germany  is  light  and  flaxen;  that  from 
Italy,  long  and  dark. 

The  annual  value  of  the  imports  is  roughly  esti- 
mated at  only  £15,000,  but  the  trade  still  gives  em- 
ployment to  many  thousands  of  persons  in  the  manu- 
facture of  wigs,  fronts,  &c.,  notwithstanding  the 
change  of  fashion,  which  has  led  to  a  comparative 
disuse  of  false  hair. 

The  price  of  human  hair  varies  from  is.  to  'ids. 
per  lb.,  although  as  much  as  80.S.  per  lb.  is  frequently 
paid  for  choice  parcels  of  goods. 

The  average  weight  of  a  French  head  of  hair 
(reckoning  only  the  long  back  hair,  the  front  hair 
beuig  seldom  cut),  is  5  ozs.,  Italian,  G  ozs.,  Ger- 
man, 10  ozs.  A  manufacturer  can  easily  distinguish 
the  hair  of  each  nation  by  its  texture  and  odour. 
The  time  and  labour  bestowed  on  the  article  to  bring 
it  into  a  state  fit  for  use  by  the  wig-maker,  is  such  as 
to  raise  its  value  300  to  500  per  cent. 

False  hair  has  been  greatly  in  favour  at  various 
periods  of  our  history ;  while  among  the  ancients  we 
have  traces  of  the  same  custom,  witness  the  splendid 
peruke  found  in  the  Temple  of  Isis,  at  Thebes,  and 
uow  in  our  British  Museum. 

Wigs  arc  said  to  date  in  England  from  the  time  of 
Stcplicn.  In  the  wardrobe  of  Elizabetii  was  an  item 
■ — "  One  cawle  of  hair  set  with  pearls."  James  I.  set 
the  fashion  of  a  hoe-lock,  or  curl  considerably  longer 
than  the  rest.  The  Puritans  marked  their  sense  of 
"  the  loathsomeness  of  long  hair "  by  wearing  their 
hair  so  short  as  scarcely  to  cover  the  ears;  but  in  the 
reign  of  Charles  II.  periwigs  attained  an  enormous 
size.  Pepys  records  the  payment  of  £3  for  a  wig,  for 
which  he  sacrificed  his  own  hair,  and  an  agreement 
with  his  barber  to  keep  his  periwig  in  good  order  at 
20«.  a  year.  In  the  reigns  of  James  II.  and  of  William 
and  Mary  enormous  full-bottomed  wigs  were  worn  by 
the  learned  professions.  George  I.  adopted  a  plaited 
tail,  with  a  large  bow  at  the  top  and  a  small  one  at 
the  bottom.  This  degenerated  into  the  pig-tail  under 
George  II.,  which  curious  appendage  still  lingered  at 
tlio  beginning  of  the  present  century.  False  hair  is 
more  skilfully  used  at  present,  and  is  scarcely  recog- 
nised from  the  real. 

The  best  horsehair  is  collected  in  the  various 
towns  of  England,  from  ostlers  and  others,  and  sent 
up  to  London  in  sacks ;  long  tail  hair  will  fetch  as 
much  as  2s.  per  lb. ;  short  and  inferior  hair  not  more 
than  Sr/.  Foreign  hair,  and  that  of  wild  cattle,  is 
inferior  to  English,  on  account  of  the  lower  feeding 
abroad. 

When  the  hair  is  received  at  the  factory  it  is  sorted 
into  colours,  such  as  best  and  secomls  black  or  grei/ ; 
into  qualities,  as  soft  or  bard,  and  into  lengths  suit- 
able to  the  three  purposes  of  ciirlii/r/,  spinning,  and 


Curled  hair,  such  as  is  used  for  stuffing  sofas, 
chairs,  carriage  seats,  &c.,  is  prepared  from  the  sorted 
short  black  or  short  grey.  It  is  first  carded  between 
two  large  coarse  cards,  one  of  which  is  fixed  at  an 
angle  of  about  45°  to  a  bench,  and  tlie  other  is  workel 
by  the  hand,  the  operator  sitting  all  tlie  time.  By  this 
system  of  rough  combing  the  hair  is  freed  from  scurf 
and  dirt,  and  disentangled.  The  next  process,  called 
tipping,  is  performed  by  a  boy,  who,  kneeling  on  the 
floor,  with  a  cane  in  each  hand,  tosses  about  a  quan- 
tity of  carded  hair,  so  as  to  let  it  fall  in  a  tolerably 
regular  tuft  or  top,  which  he  consolidates  by  inflicting 
upon  it  a  rapid  succession  of  blows.  One  of  these 
tops  is  then  taken  by  a  man,  who  attaches  it  to  a 
wheel,  which  he  causes  to  rotate  rapidly  by  swinging 
round  the  top,  and  he  thus  spins  or  cnrh  it  into  a 
hard  rope ;  but  before  he  has  quite  finished  one  top 
he  works  another  into  the  loose  ends,  and  then  spins 
the  second,  and  in  this  way  he  proceeds  until  he  has 
spun  a  dense  line  of  considerable  length.  He  stops 
the  wheel  every  now  and  then  to  wind  up  the  finished 
rope  upon  it,  and  when  a  certain  length  has  been 
spun,  it  is  taken  off  the  wheel,  tied  up  into  a  bundle, 
and  with  other  similar  bundles,  steeped  in  a  cistern  of 
cold  water  for  three  or  four  hours ;  then  taken  out, 
and,  while  still  wet,  put  into  a  very  hot  oven,  the  heat 
of  which  is  gradually  let  down  during  about  twenty- 
four  hours.  The  ropes  are  next  opened  by  slightly 
untwisting  in  the  opposite  direction,  then  ivwsing  or 
picking  to  pieces,  when  the  hair  will  be  found  to 
possess  that  remarkably  springy  character  which  so 
well  fits  it  for  stuffing  cushions,  &c.  The  short  sorted 
white  hair  is  also  used  for  brushes. 

Hair  of  medium  length  is  spun  into  a  coarse  thread, 
which  is  employed  in  weaving  a  coarse  horse-hair 
cloth,  such  as  is  used  for  nose-bags  for  horses,  fil- 
tering bags,  and  for  some  other  purposes.  This  hair 
is  also  spun  into  clothes-lines. 

The  long  hair  is  sorted  a  second  time,  and  straight- 
cued  by  being  thrown  upon  heckle  points  and  pulled 
out  many  times.  It  is  further  separated  into  lengths 
by  fixing  the  heads  or  thick  ends  of  the  hairs  between 
the  teeth  of  a  couple  of  cards,  and  pulling  out  the 
longest  ends  by  tiie  points  or  opposite  ends.  By 
repeating  this  process  two  or  three  times,  the  hairs 
are  separated  into  lengths  with  great  precision. 
These  are  tied  up  by  the  heads  into  tufts,  and  are 
employed  in  weaving  damask  hair-cli)lli,suchasisused 
for  covering  sofas,  chair-bottoms,  cVc,  In  this  kind 
of  cloth  the  warp  is  of  black  linen  yarn,  and  tlie 
weft  of  hair,  which  is  thrown  in  with  a  long  hooked 
shuttle  or  rod,  with  a  catch-hook  at  the  end.  The 
shuttle  is  passed  into  the  shed  of  the  warp,  and  a 
child,  placed  on  one  side  of  the  room,  presents  a 
hair  to  tlie  weaver  near  the  selvage,  who  catching 
it  with  the  Jiook  of  his  shuttle,  draws  it  out  on  the 
other  side :  the  batten  is  then  driven  home  twice,  and 
another  shed  or  shuttle- way  opened  by  the  treddles: 
thus  each  weft  thread  is  formed  by  a  separate  hair.  The 
hairs  are  kept  in  a  bundle  in  a  vessel  of  water,  to  make 
them  sufiiciently  supple  for  weaving.  When  the  web 
is  complete  it  is  hot-calendered  to  give  it  lustre. 


In  this  way  horse-Lair  cloth  is  produced  from  14  to 
30,  and  even  40  inches  in  width.  The  latter  widtli 
is,  however,  very  unusual,  and  a  long  time  is  required 
to  pick  out  and  collect  a  sufficient  number  of  hairs  for 


the 


purpos 


A  bair-cloth  is  woven  for  sieves,  boys'  caps,  and 
other  purposes.  The  long  white  hairs  are  used  for 
stringing  pearls,  for  fiddle-bows,  for  fishing-lines,  &c. 

Horse-hair  can  be  bleached  nearly  white,  and  it 
takes  various  dyes  tolerably  well. 

Horse-hair  wigs  are  made  of  what  is  called  dectd 
liair,  or  the  hair  of  horses  which  are  out  of  condition, 
so  that  the  nutriment  to  the  hair  being  stopped,  it  dies 
and  assumes  a  chalky  appearance.  A  mixture  of  black 
and  white  hairs  produces  a  grey.  The  dealers  in  hair 
know  their  markets  so  well,  that  they  will  not  only 
separate  live  from  dead  hair,  foreign  from  native,  but 
they  can  tell  with  tolerable  accuracy  what  part  of  Great 
Britain  any  specimen  submitted  to  them  may  come 
from. 

HAMMER.  The  hammer  is  perhaps  the  most 
remarkable  and  valuable  of  all  the  implements  which 
man  employs  in  moulding  and  submitting  to  his  use 
the  various  objects  around  him.  It  illustrates  the 
principle  of  the  permanence  of  the  force  of  communi- 
cated motion  :  it  constitutes  the  force  of  impact,  and 
is  the  most  powerful  of  weapons.  "  Were  there  no 
tendency  to  pcrmaueHce  in  the  force  of  motion  which 
his  hammer  acquires  in  its  descent,  its  power  on  the 
substance  which  the  artificer  seeks  to  shape  out 
would  only  be  the  same  as  though  he  were  to  lay  it 
gently  down  upon  it :  its  impact  would  be  no  greater 
force  than  the  pressure  of  its  weight.  So  far  is  this, 
however,  from  being  the  case,  that,  as  it  is  well  known 
(o  the  workman,  a  slight  blow  from  the  lightest  ham- 
mer is  sufficient  to  abrade  a  surface  which  the  direct 
pressure  of  a  ton  weight  would  not  make  to  yield. 
There  is  no  force  in  nature  comparable  to  that  of 

The  term  hammer  is  usually  applied  to  the  well- 
known  tool  consisting  of  an  iron  head  fixed  crosswise 
upon  a  handle  of  wood ;  but  the  hammers  employed 
in  the  useful  arts  are  very  varied  in  form,  and  the 
weights  of  individual  examples  may  be  estimated  from 
that  of  several  tons  to  a  fraction  of  an  ounce.  The 
largest  hammer  is  the  Jielve,  or  J  urge-hummer,  used  in 
the  operation  of  shingling  in  the  manufacture  of  iron  : 
(his  weighs  from  4  to  8  tons. — Sec  Iron  and  Steel, 
fig.  1238.  The  helve  is  also  used  in  forging  s/eel 
ingots;  but  when  fhoy  are  sufficiently  reduced  by 
I  his  means,  the  tilt-lnimiiier  comes  into  operation,  and 
is  made  to  move  with  great  rapidity  under  the  action 
of  springs  instead  of  by  gravity  alone. — See  Ieon  and 
Steel,  Fig.  1244. 

In  the  ordmary  practice  of  eokging,  the  smith 
employs  a  variety  of  hammers  with  the  panes  or 
narrow  edges  made  in  different  ways,  either  at  right 
angles  to  the  handle,  parallel  with  the  same,  or  ob- 
lique :  but  the  work  done  by  these  hanmiers  is  often 
accomplished  with  more  precision  by  what  are  called 
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set-hammers :  those  with  flat  faces  arc  made  like  ham- 
mers, and  usually  with  similar  handles,  and  for  the 
convenience  of  reversing  are  not  wedged  in :  these 
tools,  instead  of  striking,  are  struck  upon  the  work 
with  the  sledge-hammer.  Other  similar  tools,  with 
broad  faces,  are  caHieAjlallers:  top-tools,  with  narrow 
round  edges  like  the  pane  of  the  hammer,  are  called 
tup-fullers:  they  are  held  to  the  work  with  hazel- 
rods,  as  noticed  in  the  article  Cutleey,  where  the 
hammers  used  by  the  Sheffield  cutlers  are  described. 
The  hammers  used  in  forging  blanks  for  files,  and  for 
cutting  the  teeth,  are  described  under  File.  The 
hund-hummer  used  by  the  smith  is  of  such  weight 
tliat  it  may  be  governed  with  one  hand  at  the  anvil. 
IVc  slediie-hardmcr  and  the  monliei/,  or  vertical-hammer, 
are  noticed  in  Forging.  The  sledge-hammer  has  its 
varieties,  which  usually  consist  of  the  vp-hand  stcdyc, 
which  is  used  with  both  hands,  and  seldom  lifted 
above  the  head,  and  the  uboiit-sledi/e,  which  is  held 
by  both  hands  at  the  furthest  end  of  the  handle,  and 
being  swung  at  arm's  length  over  (ho  head,  is  made 
to  fall  upon  the  work  v  :',  ;,-  1  (  v  v  ;i  lilow  as  pos- 
sible. Referring  to  I :  ''  1  l-liz:ipft\l  re- 
marks : — "It  is  usCii  ,  :  ;  I  jiil  work;  the 
right  hand  being  slid  lu.vaiJ^  .i,^,.  l.uiJ  iu  the  act  of 
lifting  the  hammer  from  off  the  vroik,  and  slipped 
down  again  as  the  tool  descends  :  and  the  conditions 
are  scarcely  altered  when  the  smith  swings  (he  ham- 
mer about  in  a  circle,  the  signal  for  which  is  'About 
sledge ; '  whereas  when,  in  either  ease,  the  blows  of 
the  sledge-hammer  are  to  be  discontinued,  the  fire- 
man taps  the  anvil  with  his  hand-hammer,  which  is, 
I  believe,  an  universal  language."  The  rivctinrj- 
huiiVMT  is  (he  smallest  used  by  smiths. 

In  tlie  practice  of  forging,  small  tilt-hammers  to  be 
worked  by  the  foot  have  often  been  introduced ;  but 
they  are  not  successful,  because,  w  hen  one  man  has 
to   manage   the   whole,   his   attention  is   too  mucli 


'  is  his  strength  equal  to  the  work.  The 
best  form  of  these  lift-hammers  is  that  called  the 
Olirer,  Fig.  1118.     "The  hammer  head  is  about  2^ 
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inches  square,  and  10  inches  long,  with  a  swage  tool, 
liaving  a  conical  crease  attached  to  it,  and  a  corre- 
sponding swage  is  fixed  in  a  square  cast-iron  anvil 
block,  about  12  inches  square,  and  6  deep,  with  1  or 
2  round  holes  for  punching,  &c.  The  hammer-handle 
is  from  2  to  2i  feet  long,  and  mounted  in  a  cross 
spindle  nearly  as  long,  supported  in  a  wooden  frame, 
between  end  screws,  to  adjust  the  groove  in  the 
hammer-face  to  that  in  the  anvil-block.  A  short  arm, 
5  or  6  inches  long,  is  attached  to  the  right  end  of  the 
hammer  axis,  and  from  this  arm  proceeds  a  cord  to  a 
spring-pole  overhead,  and  also  a  chain  to  a  treadle  a 
little  above  the  floor  of  the  smithy.  When  left  to 
itself,  the  hammer-handle  is  raised  to  nearly  a  vertical 
])osition  by  the  spring,  and  it  is  brought  down  very 
readily  with  the  foot,  so  as  to  give  good  hard  blows 
at  the  commencement  of  moulding  the  objects,  and 
then  light  blows  for  finishing  them."  Mr.  Holtzaptfel 
saw  this  machine  at  work  making  long,  stout  nails, 
intended  for  fixing  the  tires  of  wheels,  secured  within 
the  felloes  by  washers  and  riveting:  the  nails  were 
made  very  nicely  round  and  taper,  and  were  forged 
e-speditiously. 

The  raisi?y-liumme.r,  for  kaised  works  in  metal, 
is  rounded  at  the  edge,  and  of  various  forms.  The 
Ijlanishiiuj-liammer  has  a  flat,  smooth  face.  In  plated 
goods  very  expert  hammering  is  required  to  remove 
the  bruises  produced  in  the  raising,  and  to  drive  them 
to  the  copper  side.  This  is  done  by  hammering  on  the 
face  with  a  smooth  planishing-hammer,  and  covering 
the  bottom  tool  with  cloth.  When,  however,  the 
inside  of  a  vessel  is  to  be  smooth  the  hammer  is 
covered  with  cloth,  and  the  polished  head  within  the 
vessel  is  left  uncovered.  Where  both  sides  are  to 
be  bright  the  faces  of  both  hammer  and  anvil  are 

mufllfd.         Srr    I'l  MIX,,    ' 

Till-  /  is  a  somewhat   rounded 

one;tlir  rmrecting  distortions  which 

so  coiiiiiM:iily   ,).(  Ill    ill  liiirdening  steel  goods,  ter- 
Q  obtuse  chisel  edge.     The 


minates  at  each  end  ii 
hack-hammer  used  for  Lacking  grindstones 
adze  of  2  or  3  lbs.  weight,  but  longer  and  more  curved 
in  the  blade,  and  with  a  very  short  handle.  Its  use  is 
to  hack  or  notch  the  high  places  which  occur  in  large 
grindstones,  in  regular  work,  and  arise  from  unequal 
wear.  For  this  purpose  the  high  places  are  marked 
by  holding  a  piece  of  chalk  or  charcoal  steadily  upon 
the  horse,  and  bringing  it  gradually  near  the  stone 
before  it  comes  to  rest,  the  strap  having  been  thrown 
off.  The  grinder  then  cuts  shallow  oblique  furrows, 
about  an  inch  apart,  in  the  high  places  denoted  by  the 
marks,  and  crosses  them  with  others  so  as  to  produce 
a  chequered  surface.  On  again  using  the  stone  the 
greatest  wear  occurs  at  these  roughened  places,  and 
thus  the  stone  is  restored  to  its  true  form. 

The  veiieering-hummcr  is  of  iron,  with  a  very  wide 
thin  pane;  but  it  is  oflcn  formed  of  wood. 

The  Steam-hammer  will  be  described  under  that 

HAEBOUR  is  the  general  name  given  to  any  haven 
or  port  communicating  with  the  sea,  or  with  a  navi- 
gable river  or  lake  of  suflicient  depth  to  iloat  ships  of 


considerable  size.  A  good  harbour  should  be  free 
from  rooks  or  shallows :  the  opening  should  be  of 
suflicient  extent  to  admit  large  ships  at  all  times  of 
the  tide :  it  should  have  good  anchorage  ground,  and 
be  easy  of  access,  and  well  defended  from  the  violence 
of  the  wind  and  of  the  sea  :  it  should  be  sutBciently 
capacious  for  the  reception  of  the  shipping  of  different 
nations  and  deep  enough  to  allow  ships  to  lie  close 
alongside  quays  or  piers,  that  the  expense  and  incon- 
venience of  loading  and  unloading  by  means  of  lighters 
may  be  avoided  :  it  should  be  furnished  with  a  good 
lighthouse,  and  have  proper  rings,  posts,  moorings, 
&c.,  to  remove  or  secure  vessels.  Portsmouth,  Mil- 
ford  Haven,  and  the  Cove  nf  Cork,  are  the  finest 
harbours  in  the  British  Islands,  and  are  surpassed  by 
few,  if  any,  in  the  world.  The  accompanying  steel 
engraving  represents  the  harbour  of  Whitehaven  in 
Cumberland,  situate  at  the  upper  end  of  a  small 
creek  of  the  Irish  Sea.  This  harbour  is  spacious  and 
commodious,  having  seven  piers  extending  into  the 
sea  in  different  directions,  and  afl'ording  ample  secu- 
rity to  shipping.  Attached  to  the  harbour  is  a  patent 
slip ;  there  are  two  lighthouses  at  the  entrance,  and  a 
third  situate  on  the  promontory  of  the  Bee's  Head, 
3  miles  to  the  south-west.  The  commerce  of  this 
harbour  is  very  extensive. 

HARDWARE,  a  term  applied  to  goods  manufac- 
tured from  metals,  such  as  iron,  steel,  copper,  brass, 
&c.  Birmingham  and  Sheffield  are  the  chief  seats  of 
the  manufacture  in  this  country. 

HARPOON,  or  iiAKriNO-in'oN,  a  javelin  used  for 
piercing  whales  in  the  whale  fishery :  it  has  a  broad, 
flat,  triangular,  l)arbed  head,  sharpened  so  as  to  pene- 
trate easily,  and  a  shank  about  2  feet  long,  to  the 
extremity  of  which  is  fastened  a  long  line  coiled  up 
in  the  boat,  so  that  it  may  run  out  easily  without 
entangling. 

HARTSHORN,  See  Ammonia. 

HAT.  The  manufacture  of  hats  brings  into 
operation  the  curious  and  interesting  process  of 
feUitiff,  which  is  the  interlacing  of  animal  fibres  so 
as  to  produce,  without  weaving,  a  dense  and  compact 
cloth.  This  is  caused  by  the  peculiar  structure  of 
the  hair  and  wool  of  animals,  which  though  appa- 
rently smooth  and  regular,  may  be  detected  under 
the  microscope  as  notched  or  jagged  at  the  edges, 
the  teeth  invariably  pointing  upwards,  that  is,  from 
the  root  towards  the  point.  Prom  a  similar  example 
in  the  vegetable  world,  namely,  an  awn  of  barley, 
we  find  that  where  this  notrhcil  slriirtiire  exists,  the 
fibre  when  rubbed  will  ni""  i'l  "■■•  ilm  ,iinn  only. 
An  awn  of  barley,  root  tip"    ,  '  '       ••  •■\  up  the 

coat  sleeve,  by  the  slight  im ,  ;  w  .  n  n  nud  the 

arm.  The  same  kind  of  uioiiini,  iliungli  inferior  in 
degree,  is  possessed  by  fibres  of  clean  wool  and  hair, 
so  that  when  subjected  to  gentle  friction,  assisted  by 
moisture,  the  fibres  mat  together  and  form  the  kind 
of  cloth  called  yeW.  The  felting  property  of  wool  is 
greatly  assisted  by  the  crinkled  or  zig-zag  figure  of 
the  fibre,  which  is  retained  with  great  pertinacity,  so 
that  if  drawn  out  straight,  it  immediately  contracts 
again  on  being  let  go ;  thus  the  forward  motion  of 
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the  fibie,  undpi  fnction, 

converted  mto  a  circular 

just  tint  which  most  completely  cfiects  the  niattmg 

together  of   the   various   fibits       feo  great  is  this 

tendency,  that  ma  flock  bed  oi  mattuss  the  carded 


lartly  counteracted,  or  I  i  at,  the  hue  down  fifui  the  back  ot  the  commun 
g  zag  motion,  which  is  hue,  and  the  fui  ot  tht  ribbit,  are  all  used  m  the 
hat  manufactuie  The  furs  m  question  form  the  nip 
of  the  hat ,  the  body  ot  the  liat  is  ni  vde  of  1  uiib  s 
wool,  caieluUy  washed,  scouitd,  dried,  and  cirdul 
1  lit  \\  oolly  hau  oi  the  LI  im  i,  i 
ot  camel,  iiati\e  of  the  Aiidts,  is  aKo  used  foi  the 
puipose  The  stiuctuie  ot  some  ot  these  bans  is 
li  jwu  m  the  follonmg  liguie- 


wool  of  which  it  IS  made  is  const  mtly  felting  itself 
into  knots,  and  icquues  to  be  pulled  apirt  or  to  be 
cirded  afiesh  at  inten  iK  A\ool  in  the  yolk,  oi 
\vilh  the  intunl  ijiei-c  \illipniig  to  it,  cannot  be 
Iclted,  the  roughiic'-<;  of  the  libie  bcin^  lu  i 
filled  or  "smoothed  o^  ei  by  the  oil 

A  icmote  origin  is  asenbed  to  felt,  which  is  -iii  1 
to  hi^c  been  the  lana  com  la  of  the  ancients,  wmu 
as  cloiks  h\  soldieis,  and  to  hive  been  the  ni  ittu  il 
of  the  Lnccdemoniau  hit->  But  the  woid  undtinl 
ffll  by  some  wiiteis,  is  by  otheis  translated  hat/  ! 
voo!,  theiefore,  without  occupyuig  ouiselves  with  the 
eaily  poition  of  its  bistoi\,  it  may  be  sufficient  to 
state,  that  towaids  the  close  of  the  si\f  centh  ceutun 
there  is  no  doubt  of  its  employment,  for  bea\er 
hats'\\eie  tlieu  m  use  ni  Englaud,  and  became  so 
popnl  11  th  it  m  the  no\t  cmtiuv  Ilcvnood  wiitmr;  of 

/ 


inMit  1  1  I  II  I  til  it  in  Iicland  and  other  Roman 
r  itl  he  (  until  ilie  battels  still  hold  their  festival 
on  thia  daj  bl  (.hmcnt,  peihaps,  was  the  saint 
who  IS  said  to  ha\  e  put  carded  wool  in  his  sandals  to 
protect  his  feet  on  a  pilgi image,  and  who  found  at 
its  close,  that  the  wool  liad  telted  itself  into  eloth 

Beaver  hats   weie   at   fust  legaided  as 
curiosity,  and  fetched  a  high  pi  ice,  eonsi  1 
value  of   money  m  those  diys     In  15"^^    '- 
wiote,  "  And  as  the  fashions  be  me  and  sti  i 
is  the  stufTe  Mheieof  these  liattes  be  made  duers 
also  ,  for  some  are  of  silke    some  of  velvet,  some  ot 
t  ill  die,  some  of  saicenet,  some  of  wooll,  and,  which 
is  nioie  cuuous,  some  of  \  ceitain  kind  of  fine  haire 
These  they  call  bea\er  hattes,   of  w,   xx-^,  oi  xl 
shillings  price,  fetched  fiom  beyonde  the  seas,  from 
whence  a  gieate  soite  of  othei  \amties  doe   come 
besides  " 

The  supply  of  beavei  foi  this  nnuufaetuie  is  le 
ceived  thiough  the  Hudson's  11  ly  Company,  but 
owing  to  the  gradual  extciminition  of  the  beaiei  in 
many  countries  wheie  it  was  once  common,  and  the 
consequent  failuie  in  thf  impoits  of  beavei,  the  fur 
of  several  othci  animals  i»  come  into  use  as  a  substi- 
tute Ihns  the  hau  of  the  Covpnu,  whose  skin  is 
so\A  as  metiia  skill,  \\\ai  oi  the  musquash  or  musk 
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bans  aio  pulled    i  I  i 

en  I  1  w  st.iol,  with  the  skm  fistaied  to  h,  ,  kiio.  by 
a  stiap  passing  o\e\  the  •■Vm  and  undci  the  foot 
She  pulls  out  the  Ions  bans  b^  the  loots  with  a 
jerkmg  motion  seizin  tl  1  tiNoontli  thumb  and 
the  edge  of  a  blunt  1     '  long  hairs 

aie  removed  b>  this  j  i  \ /I'llh/ii/ or 

fji  nil  the  fine  d(  «  i  li.    i  the 
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1  t    I  Vccoiding  to  the  kind  of  hat 

requiH  1,  tlio  boi\oi,  some  mfeuor  fur,  or  lamb's 
wool,  aie  selected  for  opeiatmg  on  The  beavei  hat, 
pinpeily  so  called,  consists  of  a  bodv  oi  foundation 
of  labbit's  fui  and  a  bpa\ei  nip,  but  the  lattei  is 
fieqneutlymivcd  with  some  othei  fni      Anothei  kind 
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of  lint  IS  made  with  the  body  of  lamb's  wool,  aud  the  ' 
nap  of  musquash,  nutria,  or  some  cheaper  fur  than 
beaver.  This  is  called  a  plate  hat,  to  signify,  pro- 
bably, that  the  outer  layer  only  is  of  fur,  the  iimer  I 
of  felted  wool,  just  as  in  plated  articles  the  outside 
only  is  of  the  gemdne  material.  A  third  kind  of  hat 
is  the/e/l  hat,  in  which  the  body  is  of  wool  aud  no 
nap  is  added.  Supposing  the  hat  to  be  one  in  which 
llio  body  is  of  wool,  and  the  plate  or  nap  is  of  a 
superior  kind,  the  processes  are  as  follows.  In  the 
factory  visited  by  the  Editor,  the  fur  is  weighed  out, 
mixed,  aud  formed  into  a  nap,  in  a  low  unventilated 
apartment,  where  every  precaution  is  adopted  to 
keep  the  air  stagnant,  that  none  of  the  precious 
material  be  wafted  away  and  lost.  One  side  of 
lliis   apartir'cnt    is   o^cmed  by  a    broad   bench   or 


is  repeated  a  second  and  thiid  time,  and  sucli  is  the 
dc.\terity  attained  by  the  workman,  that  he  seems 
able  by  the  vibrations  of  his  string  to  make  the 
filaments  fall  into  any  required  shape  or  position. 
When  the  fur  is  thus  distributed  into  a  large  oval 
sheet,  it  is  next  pressed  together  so  as  to  condense 
or  harden  it.  The  convex  surface  of  tire  basket,  and 
afterwards  the  hands,  are  employed  to  mat  and  inter- 
lace the  fibres  of  the  sheet  of  napping,  as  the  fur  is 
now  called ;  and  in  order  to  complete  the  process,  a 
skin  of  leather  is  interposed,  and  rubbed  firmly  with 
both  hands,  with  a  somewhat  jerking  motion,  the  skiu 
being  taken  up  and  put  downi  again  in  a  different 
position  several  times.  The  use  of  this  skin,  called 
the  hardening  akin,  tends  to  complete  the  interlacing 
of  the  fibres  of  the  nap,  and  to  produce  a  felt  like 
thill  flnunr!.  The  sheet  of  napping  can  now  be 
!i:i;:  I'lil  v.i'i  impunity.  It  is  a  long  oval  sheet,  similar 
t-  X-.  1  n.  1  i_.  113C,"and  this  is  folded  together, first 
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counter,  partitioned  off  into  spaces  of  about  five  feet 
every  way,  each  space  being  lighted  by  a  window, 
con-itracted  so  as  not  to  open  See  Fy.  1125  Before 
each  wnidow  stands  a  woikman  ptifoimmg  the  deh 
cate  and  ingenious  operation  of  botctng  the  fui,  and 
making  it  into  a  nap  He  first  weighs  out,  -siy  an 
ounce  ol  btavci  down,  a  quail ei  of  an  ounce  ol 
musquash,  and  the  same  quantity  of  cotton  wool 
These  thiee  substances  aie  placed  on  the  bench  m  a 
heap,  \ihich  miglit  be  co\eicd  with  the  piliii  of  the 
li  md  He  then  takes  in  his  Itft  hand  a  bo  \  about 
seven  feet  long,  which  is  also  kept  steady  by  means 
of  a  cold  suspended  from  the  loof,  and  gncs  lepeattd 
and  sudden  tv.  mgs  to  the  stung,  usin_r  t  i  tins 
puiposc  a  wooden  pm  with  a  piojectiu^  ku  b  \t 
eveiv  Mbntiou  of  the  stung  en  the  1  I  111  ptf 
fill,  a  quantity  of  the  filamt 
niche-,,  a'c  earned  a  bttle  t  >  i 
and  fall  Aovra  withm  ceitam  li 
-ietamcd  by  a  wiokei  fume  ^ 

shaped  like  i  fireguard,  and  set  up  \.i\\i  its  c  m  wt 
suifaee  towaids  the  fui  By  this  piocess  of  bownng, 
all  the  fibres  of  the  tangled  mass  aie  scpaiated  and 
equally  distubuted  ON ei  a  suifaee  of  se\cril  square 
feet  m  the  course  of  a  few  mmutes     The  operation 


endways,  as  m    ^ 

No.  3,"  and   is  "'^'    '^' 

measured  while  thus  twice  doubled,  against  the  hat- 
Ii  ilv,  01-  fi  .iiuliaion  on  which  it  is  ultimately  to 
1'  i'l  1  1,1.  llat-bodies  are  supplied  to  many  of  the 
tijv.u  iiaiiulacturies  fi-om  provincial  works  which 
deal  only  in  this  article.  They  are  commonly  of 
wool,  formed  into  conical  caps,  about  fourteen 
inches  high,  and  fifteen  inches  wide  at  the  base. 
They  are  formed  by  the  felting  processes  which 
come  so  largely  under  notice  in  this  manufacture. 
If  the  sheet  of  napping,  doubled  as  above,  is  deeper 
than  the  conical  cap,  or  hat  body,  a  portion  of  it  is 
torn  away  and  bowed  again.  From  this  waste  a 
smaller  sheet  of  napping  is  fonncd,  and  cut  into 
strips  for  the  brim  of  the  intended  hats,  and  for  a 
thicker  supply  of  nap  to  those  parts  which  are  most 
exposed  to  wear     At  this  stage  of  the  operations, 


the  woikman  piooeeds  to  the  hatmakci's  batteiv, 
\iheic,  aiound  an  open  uon  boilei,  there  is  accommo- 
dation for  seven  oi  eylit  men  to  woik  at  a  bench  of 


maliOB'auy,    sloping    towards   the    boiler.      This    is 
fhiVrged  with  soft  water,  containing  about  half  a  gill 
of  sulpl'.uric  acid,  and  beer-grouuds,  or  a  handful  of 
oatmeal,   the    former  assisting   iu  the  remo\al    of 
unctuous  matters  from  llu;  wool  or  fur,  the  latter 
correcting,  it  is  said,  the  corrosive  tendency  of  the 
acid.     The  \\hoIc  is  l<o]it  at  the  boiling  point  by  a 
liic  he'.o\;,  ami  the  \i oilmen  pursue  tlieir  task  amidst 
clouds  of  steam.     Tlie  conical  hat  body  is  first  held 
iu  the  hot  liquor,  and  xOieu   MilhiinilU   soft  is  laid 
on  the  bench  ;  a  pieei    ill 
to  cover  it,  is  gently  1  m 
turued  over,  and  thr  i 
unfolded   and   made   I  <  <       i      1 1    i 

Tlie  ua])ping  is  sprinkled  wdh  hut  hquui  bj  means 
of  a  brusli  called  a  slopping  bnisli,  and  is  further 
\\  orked  v/ith  the  hands,  while  hot  liquor  is  occasion- 
ally poured  into  the  body.  Fresh  nap  is  added  from 
time  to  time,  and  that  which  is  to  form  the  under 
surface  of  the  brim  is  put  on  when  the  hat  body  is 
turned  inside  out.  A  hair-cloth  is  nc.\t  laid  upon  the 
bench,  and  upou  this  the  uapped  body  is  rolled  with 
a  rolling  pin,  and  worked  in  various  ways  by  the 
hand,  or  rather  by  smooth  pieces  of  wood  covering 
the  palm  of  the  hand,  and  tied  at  the  back  with 
sti  ings.     These  are  called  yloves. 

The  object  of  all  these  manipulations  is  the  feltini; 
together  of  the  nap  and  the  found.ation.  When  this 
is  aeeomphslicd,  and  the  roots  of  the  fur  have 
actii.dly  otiuek  into  the  hat-body,  the  workman  is 
mimedi.itely  m.ule  a\iaie  of  the  fact,  by  the  loosening 
and  coming  away  of  the  cotton  wool,  of  which  it  has 
been  seen  that  a  very  small  quantity  was  mixed  ■(;  ith 
tlie  fur  at  the  commencement  of  the  process.  This 
cotton  wool  is  incapable  of  felting,  and,  therefore, 
affords  a  valuable  indication  to  the  workman,  by 
falling  oif  -n  hen  the  other  mateiials  are  felted,  while 
iu  the  previous  stage  it  ■«  as  of  use  in  giving  substance 
to  the  nap,  and  in  effecting  a  saving  in  the  quantity 
of  beaver  employed.  "VVeie  the  woikinan  to  continue  i 
rolling  ai'd  jiubbiiig  too  long,  the  hairs  of  fur  would 
pass  completely  thiough  the  liat-body  and  be  found 
on  the  iuside  ,  theiefoie,  it  is  important  to  know  when 
to  stop.  Up  to  this  point  the  napped  hat-body  still 
remains  a  loose  conical  cap,  \vithout  any  reserablauce 
to  a  hat.  Uut  by  pulling  it  and  adjusting  it  with  the 
hands,  it  is  now  capable  of  being  drawn  over  a 
cylindrical  block,  on  which  it  is  tied  with  a  cord. 
After  much  rubbing  and  pressing,  the  conical  top  is 
flattened  into  a  crown,  and  the  whole  is  adjusted  to 
the  shape  of  the  block,  wliile  the  brim,  which  is  at 
first  a  puckeied  appendage,  is  also  gradually  worked 
into  shape.  The  hat  is  now  gradually  dried  in  a  liot 
r  lom,  and  is  afterwards  made  ready  for  dyeing,  by 
first  raising  tlie  nap  by  means  of  a  earding-comb, 
and  then  cutting  olf  the  tips  of  the  hairs  so  as 
to  make  them  all  of  one  length.  This  shearing 
reijuues  a  skiKid  hand,  or  the  nap  wiU  be  unequal 
or  iu  furrows.  It  is  done  at  one  out  of  the  shears 
down  the  side  of  the  hat,  thus  passing  round  and 
round  the  hat  many  times.  The  hats  are  further 
lu'cpaied   for    dyeing   by   being  softened   at  a  hot 


bath,  called  a  LlorJany-keille,  ana  again  drawn 
w  ooden  blocks. 

When  a  number  of  hats  (generally  5  dozen, 
aa/iK,)  have  beeu  thus  prepared,  they  are  hung  oi 
withiu  an  iron  cradle,  and  thus  lowered,  by  n 
crane,  into  the  dye- 
eopper,  Kg.  1128.  _.„. 
Here  they  are 
mersed  in  a  prepara-  ^ 
liim   of    sdphate  of/ 


u  ih.  riadleisal- 
loMLd  to  remain  in 
this  dye,  at  a  tem- 
perature of  180°, 
for  about  twenty 
minutes,  when  it  is 
laised  and  left  to 
cb'ain  for  half  an 
liour :  this  dipping 
and  draining  are  repealed  ]3  or  14  times,  until  a 
bli^ht  glossy  black  has  been  obtained.  Tlio  liats 
■nc  iiua  ninn\,.d  from  the  cradle  to  the  blockiiig- 
''"'  '  il  '  'le  taken  out,  and  the  hats  washc  d 
I'i    '  ■       '     ■  K  of  water,  to  remove  any  loose 

II  n  [(\  IK  I  hen  put  on  a  rack  to  drain,  and 
LisiiN  K  ,.u)\,il  10  I  ho  diuiig-ioom,  which  is  heated  to 
16U^  or  170",  and  where  theyrcmain  on  racks  till  the 
diying  is  complete.  They  are  then  sulijeeted  to  a  few 
finishing  processes,  the  fiist  of  which  is  the  picking 
out  of  coarse  hairs  by  means  of  tweezers  Notwith- 
standing the  care  which  ib  taken  in  soitiiig  the  down, 
tliere  are  always  scattered  hairs,  wliicli  become  con- 
spicuous at  this  stage  of  the  manufacture  for  their 
harsh  and  coarse  appearance,  and  require  to  be 
leiuoved.  Tills  being  completed,  the  crown  is  next 
strcDgtliened  by  inserting  a  piece  of  scaleboard,  called 
a  /ip,  on  its  under  side,  and  pasting  a  piece  of  linen 
over  it  to  keep  it  in  place.  A  block  is  then  put  in, 
and  the  geneial  surface  of  the  hat  is  dressed  and  i'n- 
proved  by  means  of  warm  and  damp  hair-brushes, 
hot  irons,  and  a  plush  cushion  called  a  velours,  or 
vcliisc.  If  there  are  any  refiaetory  hairs  which  cannot 
be  made  to  lie  smooth  by  these  means,  they  are  burnt 
off  by  waving  the  hat  rapidly  through  a  large  fiamc 
produced  by  shavings.  The  hat  is  then  deluded 
over  to  women  to  be  trimmed  and  bound,  and  to  ha\o 
the  lining  and  leather  sewed  in  ;  and,  lastly,  a  supe- 
rior workman  finishes  oft'  the  whole  by  blocking  and 
setting  up  the  hat  iu  the  most  fashionable  style. 

One  of  the  receut  improvements  in  beaver  liats 
consists  of  a  bat-body  of  silk  and  a  thin  beaver  pull- 
over, as  it  is  technically  called.  The  method  of 
making  the  latter  dcseires  notice  on  account  of  the 
felting  process  by  which  it  is  accomplished,  and 
which  may  be  taken  likewise  as  a  sjiecimen  of  the 
mode  of  production  of  the  wooUcu  hat-body  used  in 
the  ordinary  beaver  hat.  The  materials  for  the  pull- 
over being  weighed  out  and  bowed,  and  the  sheet  of 
napping  formed  as  before,  the  latter  is  at  onrc  made 


into  a  conical  cap,  instead  ot  being  simply  folded  to- 
gether. For  this  purpose  a  triangular  piece  of  Ijiown 
paper  is  damped,  and  placed  u]*  .1  1  >  1  *  1 1  ii  nap- 
•  'oh  is  folded 


liat-body  a  metal  plate  or  bason  is  put  w;i'li;ii  ihr 
cap  instead  of  browu  paper,  the  object  licini;  in  1  :ir|[ 
case  to  keep  the  sides  of  the  cap  asuu.l.i-,  i.ilinv,  I   • 

they  would  felt  together,  and  ninkc  a  1'  '  i 1  >ii 

account  of  this  the  process  i    r,:;>J   ■'  ' 

when  paper  merely  is  employcii.    I 
is  twice  as  large  as  it  will  be  \\ ;  I      ,    ' 

Lhe  felting  it  sluinl-    -      :  .      -   '  ■     ; 

and  more  dense.     'J  . ;;   1  :     >      :;i_  i<    ,   >  ■ 

it  is  taken  to  thr  n:    ,  -     .    1  i 

hot  liquor,  and  wor:,r,i  :,n. I.:  !;[  i\   ,,.    ,  1 

is  then  a  perfect  felted  cap,  and  c:iii  1"  .'.'. 
the  silken  hat-body,  of  which  it  forms  tin   1,  i 

blocking  is  then  performed  as  before  de,  i,  1. 

hat  is  dried  and  stiffened,  and  the  after-pix^c^ojcj  ,..,. 
proceeded  with  as  in  the  former  instance. 

The  manufacture  of  silk  hats  is  less  interesting 
than  that  of  beaver,  inasmuch  as  fho  felting  process 


when  put  together,  as  in  1  il  II"  1 ., 
"]  %]  oval  shape  of  a  hat.  This  h.  ■.„..., 
set  up  on  a  bench,  a  piece  ui  eali. ^  j» 
folded  round  the  side  of  the  hat,  and 
ji^  1130.  ^j^g  meeting  edges  are  made  fast  by 
a  solution  of  shcU-lac.  The  whole  of  this  layer  of 
calico  is  then  covered  with  cement,  and  another  layer 
is  then  added  and  treated  precisely  in  the  same  man- 
ner. The  projecting  edges  at  the  top  are  then  turned 
down  upon  what  is  to  form  the  cro\\ii,  and  over  it 
are  cemented,  in  succession,  three  layers  of  calico, 
the  last  layer  being  also  cemented  on  the  outside. 
When  these  are  all  dry,  a  hat-body  without  a  brim  is 
produced.  To  make  the  latter,  an  oval  piece  of  calico 
is  cemented  to  a  piece  of  twilled  material,  the  latter 
being  stronger  and  more  absorbent  of  cement.  The 
centre  of  this  oval  is  cut  away  to  suit  the  size  of  the 
hat,  leaving  a  brim,  winch  is  secured  to  the  hat  by 
cementing  one  loose  edge  to  the  inside,  and  the  other 
to  the  outside.  A  piece  of  calico  saturated  with 
cement  is  also  bound,  and  ii-oned  round  the  hat,  to 
keep  the  brim  firmly  in  its  place :  this  is  called  a 


ba/id-robbin.  When  quite  dry,  the  proper  width  is 
given  to  the  brim  by  means  of  a  roundhig-brass,  or 
gauge,  with  notches.  Fig.  1131,  into  one  ^  jy 

of  which  a  knife  is  fitted,  and  in  passing  ^^--—^^ 


round  the  brim  cuts  off  the  superfluo 


hat-body  is  thus  com-  I 

s  method  of  coveruig  Iv  I 

,Ie.  .       ,  ,  L 


The 

ih-  iril,  and  the  n 
'  |ually  simple 
III'  material  for  covermg  silk  hats  is 

-  '    -'.'i-'i,  v.nven  like  velvet  in  a  loom  with  three 
:  :  '  !i;iving  a  velvet  nap  or  shag  on  one  side. 

I  !,  IS   manufactured  in  Spitalfields,  and  at 

1    .i>i!ii\  and  r.aubury,but  the  chief  supply  is  imported 

I  I  Lyons.  The  plush  is  received  in  pieces  of  20  or 
'.''• '  \  iicls  long,  and  26  inches  wide,  and  great  nicety  is 

I I  Mil  lied  in  cutting  it  out,  that  none  of  the  material 
.ii\  he  wasted.  It  is  cut  into  three  distinct  forms, 
ii.iiiely,  a  circular  piece  for  the  crown  of  the  hat,  a 
liiouiboidal  piece  for  the  side,  and  a  long  strip  for  the 
liim,  rather  wider  than  is  suflicient  to  cover  both  its 

Mr..  ;„i,l  sr,v,i  tni'cther  at  the  ends.  The  crown  and 

...   y. :,      .v'l  t:  ^.  :lirr,  so  as  to  formabagor 

.  ,  t  J  tL  i  ,  I  .  ^  a  diagonal  opening  at  the 
I'  tu  I'll!  i!;>  M.I  V  ninthly  and  well  is  a  work  of 
r  dexterity.  The  caUco  hat-body,  which  is  covered 

-  \rry  part  with  a  layer  of  dry  shell- lac  vaniish,  is 
.  rubbed  with  sand-paper  to  remove  roughnesses. 

I       -i  rip  for  the  brim  is  then  fitted  on,  covering  both 
ei  s,  and  being  made  to  adhere  by  the  application 

I    I  wet  sponge,  and  then  a  hot  iron,  which  act  on 

;..    eeiiient  below,  and  make  it  hold  fast  the  plush 
\,  iiieh  is  pressed  down  upon  it.    It  is  necessary  to  have 
both  luinds  at  liberty  in  the  nice  adjustment  of  the 
plush  to  its  foundation,  therefore  a  brass  wire,  at- 
tached to  a  rope  stirrup,  is  made  to  embrace  the  h<at 
j,i-i   J  ,l!r  :i;;.;',e  formed  by  the  brim  and  the  body; 
laljles  the  workman  to  gather  up  all 
upper  cover  of  the  brim,  and  cut  away 
' '        :    I  ilii  IS  portion  above  the  wire.     Fixing  the 
,  idider  by  means  of  the  sponge  and  ii-on,  he  next 
:  -1  s  the  under  surface  of  the  brim,  where  the  wire 

.  MMjcntly  not  avail- 
a..ic,  but  a  brass  plate. 
Fig.  1132,  of  a  semi- 
circular shape,  let 
into  the  work-bench,  ■ 
answers  a  similar  pur-  ^'^'  "^"' 

pose  in  keeping  the  hat  steady,  and  leaving  the 
workman  the  free  use  of  his  hands.  The  super- 
fluous portion  of  the  plush  is  in  this  Ciise  not  cut 
off,  but  turned  up  within  the  hat  and  secured  to  it. 
The  plush-bag,  or  cover,  has  now  to  be  drawn  over 
the  crown  and  sides  of  the  hat,  and  adjusted  so  as  to 
form  a  perfectly  smooth  surface.  Tiie  diagonal  line 
formed  by  the  union  of  the  parts  is  entirely  concealed 
by  the  nap,  but  becomes  visible  in  an  old  silk  hat. 
Any  fulness  or  tendency  to  pucker  is  drawn  down 
into  the  band.  Moisture  and  heat  are  applied  as 
before  to  make  the  union  of  the  parts  perfect, 
and  the  surface  smooth.  A  wire  carding-conib  is 
also  drawn  over  the  plush,  which  is  further  smoothed 
and   made  glossy  by  the  application  of  a  dummy 


of  box-wood  shaped  like  an  uou,  lud  of  a  \cl\et 
cushiou. 

The  tnraming  and  liuiug  ol  thooe  hats  is  peifoimed 
by  women,  after  which  ihey  aie  retmued  to  the 
workshop  to  be  tipped  off,  or  shaped  A  cml  ib  given 
to  the  brim  by  the  thumb  and  tingei,  attti  the  piii 
has  been  sufficiently  softened  by  the  sponge  and  non 
By  holding  the  hat  before  a  ato\e,  the  whole  suiiace 
becomes  soft  enough  to  be  moulded  into  iny  icquiied 
shape :  a  hat-screw,  then  intioduced,  elougites  tlic 
hat,  while  the  sliaping  of  the  sides  and  bum  can  be 
easily  performed  by  the  hands  Impeilections  m  the 
nap  are  then  removed  by  a  steel  pickei,  and  the  hat 
is  polished  and  wrapped  in  papei  foi  sale  &o  exten 
sive  is  this  manufacture  at  the  piesent  time,  that  tor 
eveiy  beaver  hat,  it  is  calculated  that  1,000  silk  hats 
are  fabricated. 

We  have  not  the  means  of  furnishing  the  statisties 
of  this  important  branch  of  mduotiy  at  thi  pi  nt 
time.      Some   years   ago   England   pioduml  i 

250,000  dozen  of  silk  hats  aunualK,  of  \^huli  hk.u 
than  half  were  fabricated  m  London  The  mnud 
value  of  tlie  hat-manufaetuie,  including  beavei,  sdk, 
and  wool-felts,  is  estimated  at  i  000  000/  stcilmg 
Many  thousand  dozens  aie  expoilcd,  chiefly  to  the 
colonies.  The  beaver  hat  tiade  emplo'^s  moie  sub 
sidiary  trades  than  the  silk,  on  aceoimt  of  the  piepa- 
ration  of  fur,  the  making  of  long  bow  s  foi  the  bo^^  ing 
process,  &c. :  tiio  workmen  also  reqiiue  a  longer  appi  en 
tieeship  to  learn  the  former  than  the  latter  trade 

Our  notice  of  the  hat-manufacture 'would  not  Ik 
complete  without  the  mention  ol  stiaw  hats,  vihich 
did  not  begin  to  form  an  aitiele  of  Biitish  tiade  until 
late  in  the  last  century,  although  ihey  were  brought 
to  great  perfection  in  Italy  moie  than  two  centimes 
ago.  The  importation  of  foreign  goods  ha\ing  been 
interfered  with  by  war,  our  own  manuf  ictuie  of  this 
article  rose  into  importance,  and  impioiements  in 
bleaching,  plaiting,  and  finishing,  as  well  a-,  m  the 
cultivation  of  indigenous  glasses,  weie  much  ciicou 
raged  by  premiums  from  the  Society  of  Aits  The 
straw  of  Tuscany,  howevei,  m untamed  its  leputi 
and  was  plaited  by  our  woikpeople  ittt  i  the  It  ili  m 
method.  This  consists  in  first  l  n  li  li  iii  i 
straws  as  to  colour  and  thickm 
certain  number,  frequently  thiiti  Li         i  i  i 

together  at  one  end.     They  ait  thai  ui    d  a  i       i 
portions,  sis   straws  being  turned  tow  ads  the  left 
side,  and  seven  to  the  right  so  that  the  two  portions 
of  straw  are   at   right   angles  to  each  othii      TIk 
seventh,  or  outermost  stiaw,  on  the  u^lil  Ii  i  i 
then  turned   down   by  the   fingei   and  thin 
brought  under  two  straws,  o^el  two,  and  m 
There  are  now  seven  strauvs  on  the  h  It    ml 
right,  therefore  the  outermost  ot  ili    i  i 
is  now  to  be  turned  do\vn,  an  i 
over  two,  and  under  two  again      I       , 
tinned  in  this  way,  alternately  doui  n  i^       1  j  i  uuh^ 
the  outermost  seventh  straw  fiom  ".ide  to  side,  until 
it  is  used  up.     Anotlicr  straw  is  then  put  m  under 
the  short  end,  in  the  middle  of  the  plait,  and  by  the 
crossing  of  the  other  straw?  o^  n  and  under  it,  the 


fasttnuig  ot  it  becomes  seeuie     This  knid  of  pint, 
showu  in  Fig  1133,  of  about  double  the  leal  size  is 


early  lour  times  Idi^i  i  than  the  real  plait 
:  dotted  lines  show  how  f  u  the  angulai  folds  oi 
•s  of  one  picpc  aic  inscitcd  into  those  of  the  ad 

11      !  n     1  .1      ]     1     1        in  1    hiight  along 

1  the  join  can 

1  thickness 

>  li    I  I  I  [     I     I  (  ( cond  fingei 

skuingthefiist 


NMih  tliiu  thumb  it  then 
iingei  fiee  to  tuin  the  sf laws 

Vll  the  pioce<;ses  connected  with  the 
manuf  lefuic,  especially  m  w  um  climates, 
pcituinied  in  the  spung  at  which 


11  be  best 
lieie  IS  also 


The 


the  laigest  demand  foi  hats  and  bonnets  ot  this  mate 

"■       '  much  moie  peifcetly  executed 

I    1   [|     I  ibon  than  when  the  heat  ol  sum 

I  he  cold  of  w  mtei  has  benumbed 

w  oikpeop'e     No  ble  iching  can 

1  III  t umsh  communicated  by  waim 

Ihts,  abo\e  alluded  to, 

I  1  to  20  dozen,  \arying 

lui  1  \  u^esaregl^£nto  thefliats 

;   to    the    distiiets   which    pioducod  them 

IS  the  piineipal  inaiket  foi  the  Italian  hats 


iiii,  n\ 


lu 


I  ud  eut  into  crpnl  length  ,  thin  hi  leltd 
iiie  to  fumes  of  burning  sulphui,  and  split 
1  I  II  into  several  segments  To  effect  this  a 
Ml  L  hiMiig  foui,  SIX,  01  eight  shiip  edges  is  pissed 
up  the  middle  of  the  stiaw  'Ihe  slips  thus  obtained 
aie  softened  m  water,  and  can  then  be  plaited  with 
gieat  npidity  The  plait  is  passed  between  wooden 
rolleis  to  make  it  flit  and  haid     The  hat  is  formed 


HEAHTH— IIEAT. 


from  it,  by  winding  the  plait  on  n  wooden  block  of 
the  requu-ed  shape  in  a  spiral  tliiectiou,  leaving  a 
little  o-verlap,  which  is  sewed  to  the  part  beneath. 
The  seams  are  afterwards  pressed  down  with  a  hot 

This  domestic  and  healthhd  employment  affords 
sabsistence  to  a  great  number  of  persons,  and  use- 
fully employs  women  and  children  whose  laboui's 
could  not  otherwise  be  tunied  to  so  good  an  account. 
At  the  present  time  there  are  probably  from  forty  to 
fifty  thousand  persons  engaged  in  the  manufacture. 
There  are  many  varieties  of  plait  in  general  use, 
known  as  whole  Dunstable,  split  straw,  patent  Dun- 
stable, or  double  seven,  Devonsliire,  Luton  plait, 
Bedford  Leghorn,  Italian  plait,  &o.  There  are  also 
endless  fancy  plaits.  Hats  of  Brazilian  grass,  bonnets 
of  plaited  whalebone  shavings,  and  other  curiosities 
of  uianufactm-e,  also  appeal  to  the  love  of  novelty  of 

HEALDS.— See  "VYewixg. 

HEAKTH.— The  flat  or  hollow  space  in  a  smeltmg 
furnace,  upon  which  the  ore  and  fluxes  are  submitted 
to  the  influence  of  flame.     See  Copper — Iron,  &c. 

HEAT.— In  its  ordinary  sense  the  term  heat  is 
used  to  denote  a  quality  otherwise  called  high  temper- 
ature, the  reverse  of  cold  or  low  temperature.  In  a 
scientific  sense  the  term  heat  or  caloric  is  used  to 
denote  that  substance  or  action  which  by  its  greater 
or  less  abuudauee  or  intensity  in  matter  produces 
effects  which  are  also  expressed  by  the  terms  high  or 
low  temperature. 

In  all  inquiries  into  the  effects  of  heat,  it  is  neces- 
sary to  attend  to  the  following  rules  respecting  the 
application  of  the  term  temperature :— I.  If  a  body 
subject  to  no  pressure,  or  to  a  constant  pressure,  have 
at  two  different  times  the  same  bidk,  it  is  said  on 
both  occasions  to  have  the  same  temperature. 

II.  Two  bodies  are  said  to  have  the  same  temper- 
ature if,  being  kept  in  contact,  the  temperature  of 
either  remains  unaltered  by  the  action  of  the  other. 

III.  AVhen  bodies  of  different  temperatures  are  in 
contact,  the  temperature  of  the  hotter  body  decreases 
and  that  of  the  colder  increases,  till  they  become 

IV.  If  the  bodies  be  eqmd  in  mass  or  in  weight,  and 
of  the  same  substance,  the  increase  of  temperature  in 
one  will  be  equal  to  its  decrease  in  the  other. 

Hence  it  will  be  seen  that  differences  of  temper- 
ature are  measurable  and  comparable  with  each  other, 
quite  independently  of  change  of  bulk;  that  is, 
without  usmg  the  latter  as  a  measure  of  temperature, 
but  only  as  a  test  by  which  change  of  temperature  is 
defected.  In  this  way  it  has  been  discovered  tiiat 
the  same  increment  (not  equal  increments,  as  from 
iO°  to  50°,  and  from  50°  to  60°)  of  temperatm-e 
causes  all  masses  of  the  same  substance  to  expand  in 
the  same  ratio  to  their  whole  former  bulk ;  but  this 
is  by  no  niciuis  the  case  with  different  substances,  as 
is  obvious  by  looking  at  a  common  thermometer,  an 
instrument  for  measuring  changes  in  the  bulk  of  a 
mass  of  liquid  contauied  iu  a  glass  vessel  of  such  a 
foiTU,  that  changes,  very  small  compared  with  the 


whole  bulk  of  the  liquid,  may  cause  its  surface  to 
rise  aud  fall  through  a  C(msiderable  space.  Now, 
this  could  not  be  done  if  the  glass  and  the  measuring 
scale,  in  undergoing  the  same  changcci  of  temperature 
as  the  liquid,  experienced  also  the  same  change  of 
bulk ;  for,  if  such  were  the  case,  .the  liquid  surface 
would  always  remain  opposite  the  same  degree  on  the 
scale.  The  value  of  this  simple  instnrment,  therefore, 
depends  on  tlie  fact — that  liquids  are  more  expansible 
than  solids. 

But  it  will  fiu-ther  be  seen  that  the  ratio  of  the 
change  of  bulk  to  the  whole  bulk  is  different  for  every 
different  substance,  when  the  change  of  temperature 
is  tlie  same  m  all.  It  is  necessary,  however,  to  guard 
against  a  very  common  error  respecting  the  relation 
between  iemperat-ures  and  the  numbers  by  which  they 
are  represented ;  namely,  the  degrees  of  the  thermo- 

Although  the  differences  of  temperatures  are  known 
and  comparable  quantities,  yet  their  ratios  are  not  so. 
We  can  compare  them  by  addition  and  subtraction, 
but  not  by  multiplication  or  division.  We  cannot 
say,  "  This  temperatui'e  is  so  many  times  that" 
because  we  do  not  know  the  real  zero  of  temperature ; 
that  is,  we  do  not  know  what  is  the  smallest  bulk 
into  which  a  given  body  is  capable  of  being  condensed 
by  cold.  We  cannot,  therefore,  say,  "  This  body 
exceeds  its  minimum  bulk  by  twice  as  much  as  that 
body  exceeds  its  minunum  bulk ; "  or,  in  other  words, 
"  This  body  is  twice  as  hot  as  ilutt ; "  for  although 
the  temperature  of  one  body  may  be  80°,  and  that  of 
another  40°,  these  numbers  are  only  reckoned  from 
an  arbitrary  zero  or  starting-point,  adopted  because 
the  real  zero  is  unknown.  But  although  we  cannot 
say  that  a  has  twice  the  temperature  of  b,  we  can 
say  that  the  temperature  of  A  exceeds  that  of  b  by 
twice  as  much  as  the  temperature  of  c  exceeds  that 
of  D. 

The  first  question,  then,  regarding  the  relation  of 
expansion  to  temperature,  is  — "  Do  equal  differences 
of  temperature  cause  the  bulk  of  a  body  to  vary  by 
equal  differences  ?  "  This  question  had  1o  be  settled 
before  it  could  be  known  whether  tlie  eo'r.nion  ther- 
mometer (the  scale  of  which  is  divided  into  equal 
parts)  measured  differences  of  temperature  correctly. 
For  this  purpose,  Dr.  Brooke  Taylor  heated  tw^o 
equal  weights  of  r,-ri,*rr.  niif  tn  '^("i'^  and  the  other  to 
100°,  and  on  iiiinu         ■ '        ;       '  ';>  v,  he  found  them 

to  indicate  exact \\   i     '    ;  ; ,    ;  M\iing  that  equal 

differences  of  tpiii|i  r  n;!!  (,,  im  nr.ial  differences  in 
the  expansion  of  mercury;  or  rather  in  the  excess  of 
its  expansion  over  that  of  glass,  which  is  clearly  all 
that  the  thermometer  can  measiu-e.  More  accurate 
experiments,  however,  have  shown  that  this  rule  does 
not  exactly  apply  to  any  solid  or  liquid,  but  only  to 
gases.  When  equal  masses  of  tlie  same  liquid,  at 
different  temperatures,  are  mixed,  their  combined 
bulk  becomes  a  very  little  diminished.  Liquids, 
therefore,  instead  of  expanding  by  equal  mcrements 
01  space  for  equal  increments  of  temperatui-e,  expand 
faster  as  the  temperature  increases  equably  ;  and  it 
appears  that  the  correctness  of  the  mercurial  therino- 
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meter  obseived  bv  Dr.  Brooke  Taylor  was  l!io  result  I  Even  if  the  vessel  coutaiuing  the  ice  be  placed  upon 

of  a  fortunate  coiuoideuoe,  by  which  the  expansion  a  fire,  the  mercuij  iu  the  thermometer  will  not  rise 

of  the  glass,  wliich  is  veiv  miuiU  cimpaird  \\ith  that  above  32°  so  long  as  any  ice  remains  in  the  vessel 

of  the  mereiu-y,  exactl\   i       (             11      incrcasuig  Now,  it  is  obvious  that,  during  this  time,  a  quantity 

rate  of  the  latter.     '1 1  i                            1  not  be  the  of  heat  must  be  constantly  entering  tlio  vessel  \utli- 

casewitlilhcrmometii'.  I                  i             Krlupiids,  out  rendering  its  contents  lioffer;  for  w  ioiig  as  tins 

for  their  rates  of  exp.a..,,.,.!  i..,  .ia,u   in.uc   rapidly  influx  of  heat  is  ciil"      '   '■■   1   [•■  Mn-  the  ice,  it 

than  that  of  mercury.     Hence  spuit  theimometeis  pioduces  no  effect  ii,                             m:     Tims  we 

cannot  be  depended  on  for  tempeiatm-cs  above  the  see  that  nicroasc  fit  '                             1    one  of  the 

atmosphciic  range  (or  abo\c  100°).  modes  in  which  heat  .  i       ni  ,              ,,|  that  when  a 

The  rate  of  expansion  iu  solids  is  also  found  to  ,  portion  of  heat  is  producing  the  LiVcct  oi  Jiuidiii/,  it 

increase   as   they   become   hotter;    but   it   is   more  cauuot  beat  the  same  time  producing  the  effect  of 

equable  than  that  of  liquids.     Instruments  for  mea-  temperulitre.   The  effect  here  described  for  ice  applies 

surLug  the  expansion  of  solids  are  called  pi/rometers  equally  to  other  solids.     Hence  we  see  that,  during 

to  distinguish  them  from  thermometers,  which  measure  the  process  of  liquefaction,  a  large  quantity  of  heat 

tue  expansion  of  liquids  and  airs.     The  measurement  disappears,   or  is  ubsorhed,   so   as  to  be  no  longer 

of  solid   expansion   is,  however,   by   far  the  more  sensible  to  the  touch  or  to  the  thermometer.     Tlie 

delicate  and  difficult,  not  only  from  its  smaller  amount,  heat  thus  lost  is  sometimes  called  the  liefit  of  flituh/i/, 

but  because  we  cannot  measure  at  once  the  whole  or  latent  heat,  in  contradistinction  to  the  heat  of 

cubical  increase  or  expaimon,  but  only  the  incieasc  of  temperature. 

one  linear  dilniii'.inn,  that  is,  the  elongation  or  clihita-  Another  general  effei  \  of  heat  is  llic  con\erbiun  of 

Hon.     As  siili  1    (1  I   I        I  _i  111  1  il  alter  their  form  by  liquids,  by  an  enninp        i       i'  -i    i              i  i      --  i  .  -', 

change  of  1 1                                   dimensions  increase  or  vapours,  as  wh.  n                                                 .    m. 

and  decreas.                              in     The  only  known  This  etl'eot  is  attnul                                             luin- 

exceptions  In  I'l              i    i      1  In  ciystah.  stance  as  in  liquet  a  i     i,  u  m  I,,,  I'l      I'l    i|  li  m  ur 

The  first  effect  of  heat  on  sohds  is  expansion.     If,  appaieut   loss  of  a  laii;e   quantity  of  heat,  which, 

however,  the  heat   be  more  energetic,  the  solid  is  however,  reappears  when  the  vapour  is  condenstd 

resolved  into  a  liquid.     The  liquefaction  of  some  again  into  the  liquid  form.     A  vessel  of  boiling  water 

solids   is   giadual;    they  pass   through  various   de-  exposed  to  the  atmospheric  pressure  of  30  inches 

grees  of  softness ;  but  in  many,  perhaps  in  most  eases,  maintains  the  constant  temperature  of  212°,  and  the 
there  is  no  intermediate  state  between  perfect  solidity  ,  most  violent  heat  is  insufBcient  to  raise  it  above  this 

and  perfect  fluidity :    the  solid  is  heated  up  to  a  point.     The  heat  thus  expended  in  vapori/;iug  water 

certain  point,  at  which  it  remains  solid;  but  a  very  without  raising  its  temperature  is  sufficient  to  raise 

slight  increase  of  heat  is  then  sufficient  to  liquefy  a  it  no  les.s  than  970°  if  it  weie  not  vaporized;  or,  in 

portion  of  it.     Now,  it  is  an  important  fact  that  the  other  words,   the  latent   heat   of    steam  is   ncaily 

same  subsfnnce  al«  iv';  n  i-srs  fiom  the  solid  into  the  1,000°. 

liquid  staii     t     i         i     ii     ^ciie  temperature,  and  Different  bodies  manifest  different  capacities  for 

this  is  call(  il                              I  It  be  above,  or/;w;;-  heat ;  that  is,  if  two  equal  masses  or  weights,  of  the 

lilt/ point  \[   Ii  I    1  II               II    I tino<;phcric  tempera-  same  temperature,  receive  the  same  amount  of  heat, 

turc.     Thus  ill,   111,  niii_               ,           i    I'l,   liM/iii^  tli.  \  will  not  ti  .  nine  equally  hot,  even  although  they 

I           li  It  II  ( (1  lid  111  ill  iiui   ilii  ir  state.    Por  example,  if  a  pound 

1  II    il  ill,  111  iii,i,iii\  it  li.O"  be  mingled  with  a  pound  of  water 

,11           t  11    i,iii\  IS  it    in  ,  till'  II   lilting  temperature  wdl   not   be  the 

lau  oi\  .md  IS  thcieluu  ,,       ,.    ,                 160  +  iO     „„    •<-     -ii  i         i 

.,„.,',  ,  ai  ithmetieal  mean,  or -^ — =100°;  it  will  be  oidv 

ir  38°  below  zero,  a  degree  2 

1  England  can  only  be  produced  arti-  45°;   so  that  the  115°  lost  by  the  mercury  heals 

IS  almost  every  other  body  the  water  only  5°.     On  reversing  the  experiment, 

1  temperatures   has   been  and  mingling  a  pound  of  water  at  100°  with  a  pound 

rendered  solid.     On  the  other  hand,  there  are  very  of  mercury  at  -10°,  the  result  will  indicate  155°; 

few  solids  which  have  not  been  melted  by  artificial  so  that  the  5°  lost  by  the  water  raises  the  mercury 

heat,  or  by  that  of  the  sun  concentrated;  and  each  115°. 

one  has   its   fixed   and   unalterable   melting  point.  I      Different  bodies,  therefore,  have  various  degrees  ol 
Thus,  tin  melts  at  442°,  lead  at  594°,  zluo  at  773",  '  susceptibdity  to  heat.     To  produce  a  certain  chau!:,e 

antimony  at  812°,  and  so  on.  of  temperature  requires  a  greater  supply  of  heat  in 

But  there  are  important  circumstances  to  be  noticed  some  bodies  than  in  others.     Numbers  proportional 

in  the  liquefaction  of  these  bodies.    It  is  evident  that  to  the  quantities  of  heat  necessary  to  pioduce  the 
if  a  quantity  of  ice,  at  the  temperature  of  zero,  or  0°,  ,  same  change  of  temperature  in  equal  imqlit<:  of  diffe- 

be  taken  into  a  room  whose  temperature  is  60°,  the  rent  bodies  ate  called  the«/)fc'*'  '     '  "'  *'     ,-  h  )dii<^, 

ice  will  begin  to  melt;  and  a  thermometer  placed  in  or  their  capacities  for  heat.     1'                            1  to 

It,  which  at  first  indicated  zero,  will  rise  and  soou  ha\e  thirly  times  moie  Cff/)(/r//                                  ii\ 

reach  32°  ;  but  at  this  point  it  wdl  remain  stationaiy  j      There  aie  three  methods  b^  \m        h  i   in.d, 
until  t'le  ir-c  h:";  entirely  passed  into  tlie  liquid  form    '  inmelv,  by  raftc/w'/ov  hjcomei'i  ,/    in,l 'i      ulintion. 
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Bodies  that  are  kept  in  contact  will  (if  of  different 
temperatures)  gradually  change  till  they  acquire  the 
same  temperature ;  that  is,  their  sliares  of  lieat  of 
temperature  will  become  proportional  to  their  capa- 
cities, and  each  body  will  have  the  same  temperature 
tlu-oughout  its  mass.  But  this  diffusion  does  not 
take  place  instantaneously,  or  there  would  be  no  such 
thing  as  difference  of  temperature.  The  rapidity  with 
which  heat  travels  varies  in  different  substances. 
Por  example,  if  we  place  a  silver  spoon  and  a  wooden 
oue  in  boiling  water,  the  haudle  of  the  former  will 
become  too  hot  to  be  held  before  that  of  the  wooden 
one  is  sensibly  warm.  We  see,  then,  that  silver  is  a 
good  conductor,  and  wood  a  bad  conductor  of  heat. 
Different  substances  conduct  heat  at  different  rates. 
If  we  call  the  conducting  power  of  gold  1,000,  silver 
will  be  073,  copper  S98,  platinum  381,  ii-ou  371, 
tin  303,  lead  179,  marble  23,  porcelain  12,  clay  11. 
On  placing  one  hand  upon  a  piece  of  fur  or  flannel, 
and  the  other  upon  a  piece  of  metal,  both  of  the  same 
temperature,  (as  they  must  be  if  left  uuder  the  same 
circumstances,)  and  both  colder  than  the  hand,  we  call 
one  warm  and  the  other  cold.  This  is  an  effect  of 
sensation  merely.  The  metal,  being  a  good  conductor, 
abstracts  heat  from  the  hand  and  gives  the  sensation 
of  cold;  the  flannel  or  fur,  being  a  bad  conductor, 
not  only  takes  away  no  heat,  but  allows  it  to  accu- 
nnilate,  and  hence  the  sensation  of  warmth.  Precisely 
the  contrary  effect  will  take  place  if  both  bodies  are 
warmer  than  the  hand.  The  metal  will  feel  hottest, 
and  will  even  burn  us,  at  a  temperature  at  which  the 
cloth  would  hardly  seem  warmer  than  in  the  former 


But  in  liquids  there 
ture  without  a  displace 


become  s 


[O  change  of  tempera 


thus  a  current  is  established,  the  heattd  particles 
rising  up  through  the  centre,  and  colder  particles 
descending  at  the  sides,  as  shown  by  the  du-ection  of 
the  arrows  in  Fig.  7S3,  (article  Ebullition.)  This 
is  evidently  a  very  different  process  from  conduction. 
The  heat  is  not  conducted  from  particle  to  particle 
without  displacement,  as  in  the  case  of  a  sulid;  but 
each  particle,  as  fast  as  it  rcciv.  -  '  in-i  ,,  ■  n 
of  heat,  starts  offw-ith  it,  and  . 
displacing  other  and  colder  par'.  ,.   _, 

This  process  has  received  tlic  a,,  ;;;.it  iinu.  „\ 
cc/icediou,  and  its  importance  wid  be  seen  if  we  apply 
heat  to  the  surface  of  a  liquid  instead  of  to  its  base. 
Water  being  a  bad  conductor,  we  may  bod  it  at  the 
surface,  while  a  lump  of  ice  sunk  to  the  bottom  will 
remain  uumelted. 

Gaseous  bodies,  however,  from  the  great  mobility 
of  their  particles,  are  the  most  rapid  conveyers, 
although  (and,  indeed,  because)  they  are  the  slowest 
conductors  of  heat.  Any  body  hotter  than  the  air 
sets  iu  motion  an  upward  current  of  that  fluid,  which 
may  be  easily  seen  rising  from  bodies  that  are  much 
healed,  and  the  particles  which  rise  are  immediately 


replaced  by  the  influx  of  other  particles  from  every 
side.    The  slightest  difference  of  temperature  is  suffi- 

j  cient  to  produce  these  effects,  aud  hence  the  rapidity 

'  with  which  the  air  reduces  all  bodies  to  its  ovm 
temperature.     A  body  colder  than  the  air,  such  as  a 

1  lump  of  melting  ice,  produces  an  opposite  action : 

1  it  cools  the  air  in  contact  with  it,  which,  becoming 
denser,  descends  in  a  contmual  stream,  supplied  by 
an  influx  of  air  from  all  sides  to  the  ice,  until  the 

'  whole  is  melted. 

Actions  of  the  same  kind  in  the  great  scale  of 
nature  give  rise  to  all  the  varieties  of  wii/d,  by  which 
the  whole  mass  of  the  atmosphere  is  kept  in  motion, 

;  and  its  temperature  so  far  equalized  as  to  mitigate 

I  the  extremes  of  climate,  and  render  both  the  equator 
aud  the  polar  regions  habitable.  Such  effects  as 
these  could  not  take  place  if  the  great  ocean  of  air 
were  heated  (as  at  first  sight  it  may  appear  to  be) 
from  above.     The  atmosphere  receives  scarcely  any 

I  of  its  warmth  directly  from  the  sun's  rays,  but  is 
heated  almost  entirely  by  the  ground  on  which  it 
rests,  and  is,  therefore,  in  the  condition  of  the  water 
in  a  boiler,  where  the  heat  is  applied  from  below. 
But  it  is  different  with  the  liquid  masses  of  our 

>  globe.  The  heat  is  applied  to  them  at  their  surface, 
and  is  therefore  not  diffused  by  convection.  It  creeps 
slowly  downwards  by  conduction,  so  that  the  tempera- 
tui-e  of  all  deep  waters  is  found  to  diminish  downwards. 
In  the  absence  of  the  sun,  however,  the  process  of 
cooliiig  goes  on  by  convection;  the  surface  waters 
being  cooled  first,  become  denser,  and  therefore  sink, 
while  new  portions  are  brought  to  the  surface,  where 

;  they  are  cooled  and  sink  in  their  turn ;  by  which  cir- 
culation the  whole  would  very  soon  be  reduced  to 
the  freezing  point,  were  it  not  that  the  wisdom  of  the 
Creator  has  ordained  that  the  general  law  of  rare- 
faction by  heat  and  condensation  by  cold  shall,  between 
certain  limiting  temperatures,  be  reversed.  Thus 
water  contracts  by  abstraction  of  heat  down  to  about 

'  394",  when  it  has  attained  its  point  of  greatest  con- 

I  densation  by  cold ;  from  this  point  to  32°,  its  freezing 

I  point,  it  expands  by  the  application  of  cold.  Hence 
the  operation  of  this  exceptional  law  gives  rise  (in 

j  water  below  39J°)  to  a  species  of  convection  exactly 

tlie  reverse  of  that  in  other  fluids,  namely,  a  convection 

of  heat  more  readUy  dow>itcar(IsWi3.-a  upwards.    Thus, 

r   .>, >    \\u    :.  ii;  eratureof  39J°  masses  of  water  are 

iril  than  heated;  and  below 39J°  they 

V  warmed  than  cooled. 

'l!,.    il.  nl  method  by  which  heat  is  diffiised  is  by 

i-adiatioit,  ;is  when  we  stand  at  a  distance  from  the 

fire,  aud  experience  its  warmth.     The  heat  is  not,  in 

this  case,  brought  to  us  by  any  current  of  air,  for  that 

must  set  in  towards,  and  not  from,  the  fire ;   and 

'  besides,  heated  currents  tend  constantly  to  ascend. 
TC or  can  it  depend  on  the  conducting  powder  of  the 

I  air,  for  that  is  very  slow  indeed,  and  we  experience 
the  heat  of  the  fire  instantaneously.  From  these  and 
various  otlier  reasons,  it  is  evident,  that  a  substantial 
medium,  path  or  passage  is  not  necessary  for  the 
propagation  of  heat. 
If  a  red-hot  cannon-ball  be  suspended  in  the  air, 


rays  of  heat  will  be  emitted  from  it  as  a  centre,  iu 
radial  liiios,  winch  move  with  the  velocity  of  light, 
and,  like  the  luminous  rays,  may  be  reflected,  absorbed, 
refracted,  transmitted,  &c.,  by  encountering  certain 
surfaces ;  and  these  rays  may  be  reflected  or  trans- 
mitted without  disturbing,'   tlic  tcmpcrafurp  of  tlie 

rays  be  aLi<:r'    '  ■■.'  '  i '  •  ■      r     ■.:.",!.•    .i 

wholly  or  paMp   -■  ■  •  ,    ■    .  ■    ,r  .  , 

theresult.  '1'      ;     -'.  ,      .    i     ,    ■  :,     ,    ■,.  •       ; 

withcondiii  il  T      ;    ■ 

process,  wW'    '  •  ■!  >  ;    ■."'  .n.    '■.:  .'    - 

calorific  ra;i--,   l:   :i;  LaiHa,. ■•       ! .>r'i,,. 

property  of  tlicsc  lays,  that  tluy  'ill  :  -  '  >  ,i  lH.,!h 
through  which  they  pass,  as  coian'    ■  i  i  a: 

The  worst  conduclors  of  beat  (an  ami  .■  o  -  >  rr  i  i; 
best  transmitters  of  those  rays,  wiiile  ilie  bcsr  con- 
ductors (metals)  totally  stop  the  progress  of  tin- 
rays. 
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but  to  any  force  that  proceeds  from  a  centre  iu  straight 
lines  or  rays,  and  consequently  to  radiant  beat. 

All  bodies,  when  raised  to  an  equal  temperature, 
do  not  radiate  equal  quantities  of  heat  iu  equal  times. 
It  is,  however,  remarkable  that  the  rate  at  which  a 
body  cools  is  influenced  by  the  state  of  its  surface 
liiiva  lliau  by  the  nature  of  the  material  of  which  it 

^  "iscd.  A  vessel  covered  with  lamp-bliiik  and 
.  "iili  hot-water  will  cool  down  to  the  tcmpera- 

:  ,,.•    ^r.-H    v,:"a    a    laaja    |,„  |,.sl,cd    surface. 
I:  ■       :      a.     -'  .  alack  100,  that 


pulialied  iiun  15,  gold,  silver, 
lolislu'd,  13.  It  has  been  proved 
ices  which  radiate  most  quickly 


;  intensity 
ratio  that  I  la 
radiating  pnin 
effect  of  anv  I 
noticed)  is  niuu  i 

less  at  five  feet, 
influences  that  S| 


of    1 


bslai, 


four  feet ;  and  twenty-live  times 
S^ow,  as  this  law  applies  to  all 
id  from  a  centre,  such  as  gravita- 
cfrical  forces,  magnetism,  sound, 

,il  forces  when  not  weakened  by 
1 1| losing  force,  it  is  desirable  to 
ly  on  the  reader's  attention  by 

it.  Suppose  a  board  two  feet 
■)  be  held  with  its  centre  exactly 


lativc  absorbent  powers. 

I .     ilisurption  we  do  not  here  mean  the  conversion 
a      i;:,iblc  into  latent  heat;  but  the  conversion  of 

radiant  into  conduotible  heat.     Kot  all  the  radiant 

heat,  or  rather  the  radiant  effect,  which  enters  a 
I  body  is  immediately  absorbed  or  converted  into  heat : 
I  a  portion  continues  its  course  through  the  body 
t  without  warming  it;  and  though  moie  and  more  is 

absorbed  at  every  step,  yet  if  the  body  be  not  thick 
[  enough  to  absorb  all  the  rays,   soini^  of  them  will 


two  yards  from  a  caudle,  and  another  board  one  foot 
c.rpiai,H.,  1„.  l.rM   jiai-allel  with  the  first  board,  and 

1-.  i         '■      i'lwecn  it  and  the  caudle,  it  is 

.M.a  ill  exactly  intercept  the  whole  of 

Ihr  li_iii  Ml  a  v,^  aal  have  fallen  on  the  first  board, 
and  no  more,  liut  its  area  is  only  one-fourth  of  the 
first  board.  Hence  wc  sec  that  the  same  quantity  of 
light  which  at  one  yard  from  its  source  covers  one 
square  foot,  will,  at  two  yards  from  its  source,  be 
spread  over  four  square  feet,  and  consequently  be 
four  times  less  intense.  So,  also,  a  board  one  foot 
square  will  intercept  exactly  all  the  light  from  another 
board  that  is  three  feet  square,  if  the  latter  be  three 
times  as  far  from  the  candle ;  so  that  any  portion  of 
the  latter  board  would  receive  only  one-ninth  as  much 
light  as  falls  on  an  equal  space  of  the  nearest  board. 
Now,  all  this  must  plainly  apply  not  only  to  light. 


their  elTect  being  produced  on  the  ground  or  sea, 
which  in  its  turn  warms  the  air,  by  convection,  which 
is  a  neccssury  process  in  the  production  of  winds. 

Not  all  the  radiant  effect  which  falls  on  1  he  surface  of 
a  now  medium  enters  it ;  a  portion  is  always  reflected. 
littdifitions  or  effects  which  are  propagated  in  straight 
lines  only  (such  as  light  and  radiant  heat),  are  most 
conveniently  considered  by  dividing  them  into  innu- 
merable straight  lines  or  rays ;  not  that  there  is  any 
such  division  in  nature,  but  to  cnaiilc  us,  amidst 
the  extreme  compk'\i'\  uf  llir-r  ii!a  ,  "m;,  iia    in  cnn- 

fine  our  attention  t > I  I : i  1,1  |.iiiion 

of  the  effect.  EviaA  iaai,a:,.l  ...  V. !,  ,  ,  ;  luait 
or  light,  proceeds  iu  a  i,iiaii;iiL  iuiu  umu  a  im-ets 
a  reflecting  surface,  from  which  it  rebounds  iu  another 
straight  liue,  the  direction  of  which  is  determined  by 
the  law  that  the  angle  of  incidence  is  equal  to  the 
angle  of  reflexion,  to  wliicli,  however,  in  this  case  must 
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(on  account  of  its  generality)  be  added  anotlior  con- 
dition, viz.  that  the  piano  of  reflexion,  as  it  is  called, 
n  (or  that  iniiigiuary  plane  which 

contains  bolh  the  incident  and 
the  reflected  ray,)  is  perpendicu- 
hir  to  tlic  reflectiug  sui'face  at 


focus  of  the  mirror  B  will  be  observed  to  fall.    When 
tliis  experiment  was  first  performed,  it  was  supposed 
to  arise  from  the  radiation  of  cold.    This,  however, 
w-as  a  mistake ;  since  no  principle  of  cold,  considered 
as  a  positive  quality,  can  be  admitted,  cold  being 
merely  a  .sensation  arising  from  the  abstraction  oi 
the  point  of  contact.     Thus,  let  '  diminution   of  heat ;    as  darkness  results  from  the 
a  ray  from  a.  Fig.  1136,  fall  ou    absence  of  light,  and  silence  from  the  absence  of 
a  rctlectin"  surface  at  E.    "We  ]  sonorous  vibrations.    In  this  experiment  the  thermo- 
must  suppose  a  perpendicular  to    meter  sinks,  because  it  radiates  heat  to  the  ball  of  ice. 
this  surface  erected  at  the  point  '  Hence  we  leaim,  that  even  a  body  at  the  ordinary 
D  tl  e  rthe  same  nlane  P  P  which  coutams  both  the  in-  '  temperature  must  be  constantly  radiating  heat ;  and, 
ciJentrav  and  the  perpendicular,  will  also  contain  the     of  course,  can  only  prcsciTe^  its  temperature  by  the 
reflected  "ray  BC,  both  rays  making  equal  angles  with  j 


t  two 


pposite  sides  of 
"\Mien  the  surface  is  curved,  a  perpendicular  ot:  normal 
(as  it  is  then  caUed)  can  equally  be  erected  at  any  point    oth, 
■  for  it  nuist  be  remembered  that  each  matli 


I'rom  other  bodies.  When 
foci  of  the  opposite  mir- 


ihited  or  cut  off  froi 


1 'point  of  such  surface  acts  precisdy  as  a  tangent  I  thermometer,  therefore, _  in  the  las 
le!  that  is,  as  a  plane  tonchincc  the  curved  surface     a  large  proportion  of  its  supply 


paraboloid,  ai 
point  called  i1 
directions,  and 


They  are  made  of  metal,  and  higlily  polished,  becau 

we  have  seen  that  this  kind  of  surface  is  the  worst  j  suiTomiding  bodies, 


ir,  and  therefore  absorbs  the  least  proporti 
of  the  rays  that  fall  on  it,  and-  consequently  must 
reflect  the  greatest  quantity.  If  these  mirrors  be 
truly  centered,  that  is,  placed  so  that  their  axes  may 
be  exactly  in  the  same  straight  Ike,  and  if  a  hot  body 
be  placed  at  c,  in  the  focus  of  the  mirror  A,  all  the 
rays  which  it  sends  to  that  mirror  will  be  reflected 
into  parallel  lines,  and  so  reaching  the  other  mirror  b, 
will  be  reflected  by  it,  and  all  brought  to  meet  in  its 
focus  D,  where  a  thermometer  will  be  affected  more 
than  at  any  other  spot,  even  though  such  other  spot 
be  much  nearer  the  hot  body  c.  Moreover,  if  a  screen 
be  placed  either  between  c  and  a.  or  between  b  and 
I),  the  elTect  on  the  thermometer  instantly  ceases. 

To  render  tliis  experiment  more  striking,  a  red-hot 
iron  ball  is  sometimes  placed  in  the  focus  of  one  mir- 
ror, and  some  combustible,  such  as  gunpowder,  phos- 
phorus, paper,  &c.,  in  the  focus  of  the  other.  These 
bodies  will  be  burnt,  although  their  distances  from 
the  ball  c  may  be  10  or  15  feet. 

If,  instead  of  a  heated  ball,  we  place  in  <he  focus 
of  the  mirror  a  a  ball  of  ice,  a  thermometer  in  the 


,at  any  heating  effect  ob- 
red  from  the  other.  The 
the  last  experiment,  has 
diminished  much 
below  its  usual  intensity,  so  that  (its  radiation  re- 
maining unaltered)  its  temperature  must  sink  lower 
than  usual. 

These  generalizations  enable  us  to  explain  a  still 
more  remarkable  instance  of  the  apparent  foealization 
of  cold.  If  one  of  the  parabolic  mii-rors  be  placed  so 
that  its  axis'  may  point  to  the  sun,  as  the  rays 
coming  from  a  body  at  so  vast  a  distance  are  physi- 
cally parallel,  they  will  all  be  reflected  to  the  focus  of 
the  mirror,  so  that  it  will  act  as  a  powerful  burning 
mirror.  But  if  the  mirror  be  turned  so  as  to  face 
a  portion  of  clear  blue  sky  (the  bluer  and  the  nearer 
the  zenith  the  better),  its  focus  will  become  a  focus 
of  cold,  and  a  delicate  thermometer  placed  therein 
wiU  sink,  in  clear  weather,  some  degrees  even  in  the 
day  tune,  and  as  much  as  17°  at  night. 

Now,  in  order  to  understand  this  effect,  it  must  be 
remembered  that  the  thermometer  is  constantly  ra- 
diating heat  in  all  directions,  and  also  receiving  from 
ordinary  circumstances,  just 


much  heat  as  it  radiates.  But  in  this  experiment 
it  receives  less,  because  its  usual  supply  from  below 
is  cut  f.'T  b-  "t.  v„;,.,.nv    But  it  may  be  asked,  "  WiU 

notliiiij   ' -  rve   tliis   purpose?"     Any 

other   I      .  M  '■'-    from  its  own  surface  as 

much  hi  :ii  a-  IT  ii,!riv,iits  from  other  bodies;  but 
a  polished  metallic  surface,  being  the  worst  of  radia- 
tors, supplies  less  heat  than  it  intercepts.  It  must 
also  have  the  form  of  a  miiTor,  the  focus  of  which 
must  coincide  with  the  place  of  the  thermometer,  be- 
cause, if  it  had  any  other  form,  it  would  reflect  to  the 
thermometer  some  of  tlie  rays  which  it  received  from 
other  bodies ;  but,  because  it  is  a  paraboloid,  it  ci 
not  reflect  to  its  focus  any  rays  except  those  that 
come  in  a  certain  direction,  namely,  parallel  with  its 
axis.  Now,  in  that  direction  no  rays  come,  for  there 
is  no  body  either  to  reflect  or  to  radiate  them.  If  a 
cloud,  indeed,  pass  before  the  axis  of  the  n 
thermometer  rises  to  its  usual  height. 
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cultivated  in  Italy,  iu  the  British  isles,  and  elsewhere.  > 
America  fosters  this  plant,  but  uot  to  an  extent  to 
supersede  importation.  The  hemp  produced  iu  Eng-  ' 
land  and  Ireland  is  of  excellent  quality,  but  its  culti- 
vation has  not  been  found  generally  profitable,  and 
accordingly  has  been  limited  to  a  few  districts.  j 

The  stem  of  this  plant,  as  of  flax,  consists  essen- 
tially of  a  woody  core,  suiTOunded  by  a  sheath  of  I 
fibrous  matter,  which  is  held  together  by  a  kmd  of  ' 
vegetable  glue.  The  appearance  and  growth  of  the 
two  plants  are,  however,  very  dissimilar.  Hemp  be- 
longs to  the  same  natural  tribe  as  the  nettle,  and 
has  the  coarseness  of  growth  which  characterises  its 
relatives.  It  is  an  annual  plant,  some  5  or  6  feet  high, 
with  a  rough  and  strong  stalk,  on  wliich  large  lea^■l.^ 
gi-ow  in  pairs,  on  opposite  footstalks,  with  two  leaflet^ 
at  their  base.  Some  of  the  plants  are  flower- bearing, 
others  fruit-bearing;  the  former  being  taller,  more 
slender,  and  having  finer  and  more  elastic  fibres  than 
the  latter.     See  Fig.  1138.    It  is  unpossible  to  distm- 


tualiy  to  cleause  it,  so  completely  does  it  occupy  tho 
soil  to  the  exclusion  of  all  other  vegetation. 

Li  Ultle  more  than  three  months  the  flower-bearing 
hemp  has  arrived  at  matmity,  its  flower  fades,  the 
farina  falls,  and  the  stem  becomes  yellowish.  The 
fruit-bearing  plants  are  not  perfected  until  three  or 
four  weeks  later,  on  which  account  there  are  fre- 
quently two  separate  gatherings  of  the  crop.  These 
are  efi'ected  by  pulling  up  the  plants,  cutting  off  the 
leaves,  tlmvrr?  nnd  roots,  and  tyinn;  up  the  stalks  in 
^"iiillrs.     '\"','-   )ii'xt  procfss  is  ,■''''',///  or  rottirig  in 

nliifh  \\"l\-.  iho  liljrcs  together.  There  are  many 
'-  i|i  I  '; "11-  I  :  il  is  practice,  which  is  slow,  uncertain, 
1  vii  .'<  i  ,  11,1  injurious  to  the  fibre.  "  Hemp," 
-ly,  rini, — 1  Si  illy,  "  though  from  its  coarser  fibre 
1<  ss  liiilile  tlnu  flax  to  be  injui-ed  by  retting,  is  un- 
questionably often  greatly  deteriorated  by  the  fermen- 
tation to  which  it  is  exposed;  indeed  in  the  old 
methods  of  preparing  hemp,  it  was  never  considered 
to  be  retted  enough  until  it  was  evidently  injured. 
In  illustratiun  of  this  rather  strange  statement,  let 
me  refer  you  to  Antill's  obseiTations  on  dressing 
hemp :  he  says, '  To  biow  whether  the  hemp  is  rotted 
enough,  take  a  handful  out  of  the  middle  row,  and 
try  with  both  youi-  hands  to  snap  it  asunder ;  if  it 
break  easily  it  is  rotted  enough,  but  if  it  yet  appear 
pretty  strong,  it  is  not,  and  must  lie  longer  till  it 
In-eaks  with  case.'  "  Some  improvements  have  been 
made  in  the  process  of  retting  within  the  last  few 
years,  more  particularly  as  it  applies  to  flax,  wliere 
warm  \^•ater  is  used  to  expedite  the  operation ;  but 
the  larger  proportion  of  hemp-growers  continue  on 
the  old  methods  to  rot  the  stalks,  either  by  letting 
them  lie  buried  in  snow,  or  exposed  to  the  air  and 
dew,  or  steeped  in  tho  water  of  ponds,  or  in  that  of 
running  streams.  The  last  named  is  mostly  pro- 
hibited, on  account  of  the  poisonous  properties 
attributed  to  the  plant  during  putrefaction.      The 
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guish  this  difl'ercnee  until  the  plants  are  nearly  fi 
grown,  or  to  calculate  on  the  preponderance  of  one  or 
the  other  sort  of  hemp  iu  the  crop.  The  proportion  of 
each,  however,  is  generally  pretty  equal.  On  a  rich 
moist  soil  hemp  becomes  coarse,  bnt  strong  in  tlie  fibre ; 
on  a  poor  soil,  it  is  slender  and  fine.  If  it  be  required 
for  cables,  hawsers,  and  other  heavy  rigguig,  it  can 
scarcely  have  too  rich  a  soil  or  too  much  manure ;  if 
it  be  wanted  for  weaving  purposes,  it  should  he  sown 
broadcast  on  a  poor  soil.  Wlien  sown  and  raked,  or 
harrowed,  it  requires  great  vigilance  to  preserve  it 
from  birds,  who  have  the  utmost  avidity  for  hemp- 
seed.  It  is  a  remarkable  property  of  this  crop  that 
it  scarcely  requires  weeiling;  on  the  eouti-ary,  the 
growing  of  hemp  on  a  rsnk  weedy  soil  is  said  eil'ec- 


tlie  le;i>t  obiinxious.  Five  or  six  basins  about  two 
feet  deep  are  dug  at  dilVerent  levels,  where  a  fall  of 
clear  water  is  to  be  had  ;  these  basins  are  divided  by 
slight  banks  made  of  clay,  but  communicate  by 
means  of  a  small  hole  in  each  basin,  which  can  be 
plugged  when  required.  The  hemp  is  steeped  in  the 
lowest  basin  for  two  or  three  days,  then  in  the  next 
higher,  and  so  on  up  to  the  highest,  fresh  plants 
being  (mt  m  below  as  soon  as  there  is  room  for  them, 
the  wafer  in  the  top  basin  being  at  the  same  time 
renewed,  and  the  holes  unstopped  so  that  a  change  of 
water  takes  place  at  the  same  time  in  all  the  basms. 

When  fermentation  has  proceeded  far  enough,  the 
stalks  are  dried  in  the  sun,  or  in  ovens,  or  in  warm 
rooms.  They  are  then  broken  at  a  hand-break,  or  by 
mills,  in  the  same  way  as  flax,  and  the  after  processes 
of  scutching  and  heckling  are  likewise  similar. 

The  hemp  trade  of  Petersburg  figures  largely  in  the 
commerce  of  that  city.  The  hemp  is  brought  to  Peters- 
burg from  the  interior  beyond  Moscow  by  water,  and  its 
quality  varies  greatly,  according  to  the  country  in  which 
it  is  produced.     The  great  arrivals  are  in  the  spring 
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aud  summer,  and  the  work  of  sorting  it  into  qualities 
and  making  it  up  into  bundles  is  performed  by  sworn 
agents  called  brackers,  and  by  biuders  appointed  by 
the  government.  To  every  bundle  of  iiemp  thus 
assorted  there  is  attached  a  ticket  with  the  names  of 
the  selector,  binder  and  owner,  and  the  date  and  year. 
Every  bundle  has  also  a  piece  of  lead  affixed  to  it, 
on  which  is  stamped  theseleclor's  name  on  one  side, 
and  the  sort  of  hemp  and  the  time  of  selection  on 
the  other.  The  external  marks  of  good  hemp  are  its 
being  of  an  equal  green  colour  and  free  from  spills  ; 
but  its  quality  is  further  tested  by  the  strength  of 
the  fibre,  wliich  should  be  fine,  long,  and  thin.  The 
best  quality  is  called  clean  henip,  or  lirst;  tlie  next, 
out-shot  hempy  or  seconds  ;  then  fowv-.  ■',  -  '  ' , 
or  thirds;   and   lastly,  hemp  r.Jr.  i!    ,   1,  ■    : 

merely  the  part  picked  out  in eleaiiinu  i  1:>  '"li.  i  n- 
Of  the  first  three  sorts  there  were  formeny  shipiicU  at 
Petersburg  every  year  about  two  million  poods  (63 
poods  =  1  ton),  but  the  trade  suffered  greatly  during 
the  late  war,  and  has  not  yet  recovered. 

In  shipping  hemp  at  Petersburg  care  is  taken  to 
preserve  it  from  wet,  which  would  cause  it  to  ferment 
afresh,  and  become  totally  spoiled.  Every  vessel  taking 
in  eitlier  hemp  or  flax  is  therefore  provided  with  mats 
for  its  preservation.  The  hemp  is  forced  into  the  hold 
of  the  vessel  by  means  of  winches,  and  thus  made 
to  occupy  less  room.  Warehouses  have  been  bnilt 
in  Petersburg  for  housing  hemp. 

A  very  fine  quality  of  Russian  licmp  is  obtained 
from  Riga,  being  brought  down  the  river  Dwina,  from 
the  interior,  about  the  middle  of  May.  This  fetches 
a  higher  price  than  hemp  from  Petersburg.  As  a 
general  rule,  the  prices  of  Russian  hemp  are  highest 
in  May,  June,  July,  and  the  early  part  of  August. 
In  the  month  of  September  bargains  may  be  obtained, 
many  of  the  less  opulent  hemp-merchants  being  will- 
ing to  sell  their  remaining  stock  at  some  roubles 
below  the  market  price,  in  order  that  they  may  clear 
all  out,  and  return  to  their  own  country  to  make  new 
purchases  for  the  ensuing  year. 

Our  imports  are  entered  as  "Hemp  (dressed  and 
undressed)  and  tow  or  codilla  of  Hemp." 


This  extraordinary  development  of  the  trade  in  Ma- 
nilla and  Indian  hemps,  jute,  &c.,  of  late  years  is  one 
of  the  consequences  of  the  war  with  Russia.  Manilla 
hemp,  or  loliite  rope,  is  obtained  from  the  bark  or 
epidermis  of  a  species  of  wild  banana  {Musa  textilh), 
which  grows  abundantly  in  the  Spice  Islands.  Whole 
forests  of  this  kind  of  banana  exist  in  Mindaneo,  one 
of  the  Piiilippines,  and  from  it  the  natives  fabricate 
both  cordage  and   cloth.     Indian  hemp,  or   Sunn, 


{Crotolarea  jmicea,)  is  the  fibre  of  a  very  different 
plant  from  our  hemp,  grown  in  different  parts  of 
Hindostan.  Jute  consists  of  the  fibres  of  two  plants, 
of  the  genus  Corchonis,  extensively  cultivated  hi 
Bengal.  It  is  much  used  in  the  great  manufactures  nf 
Dundee,  for  the  coarse  fabrics  used  for  bagging,  &e. 
English  hemp,  though  well  qualified  by  its  strengl  h 
and  excellence  for  the  manufacture  of  sailcloth  and 
cordage,  is  seldom  used  for  that  purpose;  but  is 
principally  made  into  the  lintr  dcsciipliuiis  of  hempen 
eloth,  some  of  whicli  ciii  -r:,,-,!;,  ',■„■  ,i:  i  iir,  in- 1,,  ,1, 
after  they  have  been:  ,.     i,         .  .    ;     ^  imin 

Irish  linen.     Excclir  i  .  i   ,  ,  l,.r 

toivHs  ami  common  tab!a;lullj._; ,  :..:.;  ..cu.iu.l:  iluth  uf 
"-"■■'I  -I  length  adapted  fur  the  shirting  aud  sheeting 
I  '  ■  >  labourhig  men.  There  are  also  varieties  of 
■  .,  I  :mi  quality  and  fineness,  preferred  by  some  gentle- 
men on  account  of  their  great  s!iv,  '.I'l  jn;]  v.inntl!, 
and  possessing,  besides  these  iiil\,,'  _-  .  i\,  .  (.;  Hn- 
proving  in  colour  the  longer  they:  I  ,     .'i    ,      i|,e 
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HIDE,  see  Leatmk. 

HINGE,— a  joint  of  wrought-irou,  cast-ii-on  or 
brass,  on  which  doors,  lids,  gates,  shutters,  &c.  are 
made  to  swing,  fold,  open,  or  shut  up.  The  usual 
form  is  that  of  two  leaves,  each  furnished  with  a  pro- 
jectingsegment  or  segments  of  a  hollow  cyUnder,  Avhieh 
fit  together  and  admit  of  being  united  by  a  central 
pin.  In  applying  this  joint,  one  leaf  is  screwed  to  the 
door,  and  the  other  to  the  door-post,  as  is  well  known. 
The  chief  varieties  are  noticed  in  Hebert's  Engineers' 
and  Mechanics'  Encyclopaedia,  as  consisting  of  "  cross- 
garnets,  made  in  the  form  of  the  letter  T.  for  gates 
and  outliouse  doors,  from  0  to  36  inches  long ;  and 
a  nearly  similar  kind  made  with  long  straps  and 
hooks  to  fix  in  the  stiles,  to  enable  the  gates  or  doors 
to  be  hftcd  ofl'  their  hinges  at  pleasure.  Those  used 
in  common  for  the  doors  of  apartments  are  termed 
bi((ts,  of  which  there  are  many  varietiis;  tliusc  used 
for  shutters  are  called  i(7c/-/,7'A- :  riiuiiir  Im --  ,iic 
used  for  the  joints  of  bcdsteacN,  i,  iiu. 

same  kind  for  Pembroke  ami  ^i ,  ;,,,, 

sort  called  H  and  H_  hinges,  fin m  ihrn  ,,  ,i  Ml.hiuee 
to  these  letters,  are  extensively  employed  for  common 
purposes.  There  are  also  many  other  sorts,  dis- 
tinguished by  appellations  that  designate  their  uses, 
and  are  too  numerous  to  mention."  Tlie  chief  manu- 
factories are  at  Birmingham,  Wolverhampton,  Tipton, 
and  several  parts  of  Staffordshire ;  the  best  wronglit- 
iron  hinges  are  made  in  Lancashire,  and  the  heavier 
sort  at  Newcastle:  there  are  also  some  excellent 
makers  in  London. 


In  Collinge's  hinge,  as  improved  by  Redmund,  the 
caring  pin  consists  of  the  conical  stem  h  and  tlie 
Duical  top   t.   Fig.  1140,   corresponding  with  thf 
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beamg  socket  of  the  lunge,  Fig.  1139.  Over  this  is  a 
hollow  cap  fixed  to  the  other  limb  of  the  hinge,  the  two 
parts  fitting  accurately ;  this  cavity  is  for  the  recep- 
tion of  oil,  and  there  is  a  small  perforation  to  conduct 
it  between  the  two  surfaces,  which  work  with  great 
truth  and  freedom.  This  form  is  well  adapted  for 
turnpike  gates. 

Mr.  Redmund's  hinges  are  termed  rising  butts  ;  that 
is,  the  hollow  cylinder  attached  to  the  leaves,  instead  of 
being  divided  at  right  angles  to  the  axis  orpin  b.  Pig. 
1113,  are  divided  by  spiral,  or  rather  helical  lines,  so 


ihcit  when  the  door  is  opened  it  is  lifted  up  from  the 
iloor  by  the  rubbing  suifaces  moving  in  a  helical 
line  upwards,  so  that  although  the  door  may  shut 
(lose  dowii  upon  the  carpet,  it  rises  when  opened  to 
a  sufficient  height  to  clear  the  carpet.  Another 
advantage  of  this  kind  of  liinge  is,  that  the  weight  of 
the  door  acting  upon  the  inclined  rubbing  surfaces  | 
causes  it  to  close  of  itself;  but  provision  is  also  inaJc 
for  causing  the  door  to  stand  wide  op  :; 
quired :  this  is  done  by  cutting  away  a  p 
helical  curves,  so  as  to  form  two  hor: 
which  become  opposed  to  each  other  mI.^..  .,.._  .,  ^. 
is  opened  to  about  an  angle  of  90°,  or  so  as  io  form  i 
a  right  angle  with  its  position  when  shut.  By  this 
arraugement,  therefore,  the  door  will  close  of  itself  I 
when  not  thrown  open  more  than  50°  or  60°,  which 
IS  as  much  as  is  required  for  free  passage,  but  it  will 
stand  wide  open  if  pushed  as  far  as  90°.  In  tliis 
position  a  slight  pull  will  cause  the  horizontal  plane  I 
to  slide  oft  its  support,  and  the  door  then  returns  by 
its  descent  on  the  helix.  By  the  introduction  of  a 
small  spring  the  door  may  be  made  to  shut  to  closely 
when  opened  only  a  very  little  way.  Hinges  supplied 
with  more  powerful  springs  are  used  for  the  swing 
doors  of  public  offices,  &c.,  which  are  contrived  so  as 
to  open  either  way,  and  to  return  quickly  to  their  j 
shut-to  position.  i 

In  connexion  with  spring  lunges,  we  m.ay  mention 
Mr.  Hebert's  conti-ivance  for  securing  outside  shutters 
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riveted  into  it ;  a  portion  of  the  iron  being  split  so 
as  to  form  a  spring,  the  extremity  is  turned  upwards 
to  form  a  stop,  as  at  c.  On  opening  the  hinge  the  flap 
b  passes  over  the  arc,  pressing  on  the  spring,  and 
when  arrived  at  the  stop  c,  it  has  passed  the  spring 
and  is  completely  open  with  the  shutter  fastened  flat 
against  the  wall.  When  it  is  required  to  close  the 
shutter,  the  spring,  which  is  close  to  the  window,  is 
to  be  pressed  down  to  allow  the  flap  b  to  come  back 
over  it;  and  when  shut  it  appears  as  in  Fig.  1144. 
Tliis  contrivance  is  only  wanted  on  the  lower  hinge ; 
it  can  be  added  for  the  additional  cost  of  M.  on  a 
pair  of  hinges,  and  supersedes  the  troublesome  turn- 
buckle,  which  fails  to  hold  the  shutter  securely. 

Whitechurch's  patent  hinge  is  so  contrived  as  to 
allow  doors,  windows,  &c.  to  be  opened  either  to  the 
right  or  the  left  hand.    Kettle-  ^-^ 
fold's  hinge  for  book  cases 
sists  of  a  brass  plate  a.  Fig.  1140,  I 
which  is  screwed  to  an  upright  | 
partition,   projecting   from  o 
and  cast  therewith  are  the  parts 
b  b,   the  extremities   of  wl  '  " 
are  rounded  off  and  perfor; 
to  receive  the  centre  pin,  -' 
passes    through  them  an 
joint  of  the  common  buti 
'■,    to   the   flaps  of   which 

vrd  the  doors  d  and  e.     It      '»l^--^-l--'-J  ^1 
: .:  seen  that  the  door  e  folds  ^'^-  "*"• 

.  [lute  level  with  the  bookshelves,  and  that  the 
v.u.ji  d  folds  close  against  e,  so  as  to  be  parallel 
wilk  it  and  quite  out  of  the  way,  so  that  the  books 
close  to  the  hinge  can  be  taken  out  and  put  in 
without  first  disturbing  the  adjacent  books,  wliich 
is  the  case  by  the  usual  method  of  hanging  doors 
to  libraries.  Now  it  is  obvious  that  when  the  door 
d  is  turned  back  the  contrary  way,  both  doors  are 
shut  and  lie  flush  and  close,  and  that  the  door  e  may 
in  like  manner  be  folded  over  d.  Thus  great  conveni- 
ence is  afforded  by  a  single  hinge,  instead  of  two 
hinges,  and  the  necessity  for  an  additional  hanging 
style  is  avoided. 

A  number  of  patents  have  been  taken  out  of  late 
years  for  improvements  in  the  coustruction  or  manu- 
facture of  hinges.  In  Johnston's  patent  (sealed  July 
1S39)  the  eyes  of  the  hinge  are  formed  out  of  one 
piece  with  the  hinge  plate,  by  forcing  that  portion  of 
the  metal  of  which  they  are  composed  into  dies  so 
shaped  or  formed  as  to  turn  over  the  metal  into  the 
form  of  eyes.   For  example,  two  plates  of  malleable  or 


; /j^  : 


when  thrown  open.  Fig.  1144,  is  the  ordinary  hinge 
shut,  and  Fig.  1145,  the  same  open.  A  square  hole 
is  cut  out  at  a,  and  a  semicircular  piece  of  iron  a  h  \ 


ductile  metal  are  first  stamped  out,  as  shown  in  Fig. 
1147 :  the  projecting  pieces  or  tongues  are  then  forced 
into  and  against  the  concavity  of  the  die,  Fig.  1148,  by 
which  the  tongues  conforming  to  its  curve  become 
bent  flatwise  in  their  whole  length,  or  so  as  to  bring 
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tlie  ends  over  to  tlieir  own  surface  or  to  that  of  the 
plate  to  which  they  belong.     See  Pig.  1149. 

AVilkes's  patent  (1S40)  is  for  manufacturing  hinges 
hy  casting  the  two  sides  or  flaps,  and  liinge  joint  tliere- 
to,  at  one  time,  on  to  a  suitable  axis. 

Home's  patent  (1840)  is  lor  an  improved  method 
of  preparing  the  strips  or  plates  of  iron  for  hinges,  so 
that  the  fibres  of  the  metal  shall  be  laid  or  placed 
crosswise  of  the  hinge ;  secondly,  for  an  improvement 
in  making  the  joint,  and  for  countersinking  the  screw- 
holes  by  means  of  coned  dies. 

lledmund's  patent  (1S42)  is  for  the  construction 
of  each  of  the  flaps  and  its  knueldc-joint-piece  of 
lising  hinges  of  one  piece  or  easting ;  for  a  method  of 
casting  gate  or  such  like  hinges  in  such  a  manner  as 
to  obtain  strength  with  lightness;  also  for  a  mode  of 
constructing  spring  hinges,  I  lie  knucklc-juints  being 
made  hollow  to  receive  n  r,  ii-iinl  .-'',1  •;,;;:.: 
within  a  hollow  axis.  In  i  ;  <  i  i  i  i 
wire  into  a  spring,  as  i.^  i  i 

coils  two,  three  or  more  \mm  -  i,'<  h.  ii  i 
spring,  by  which  means  he 
in  the  same  compass  as  tha 
like  diameter  of  one  coil  of 
course  be  of  much  less  stre 
and  1152  give  different  views  of  tlii    1,.  , 

the  two  ill  j. 

tube    w,  sucli   tiilic    licing 

the    pin    or    axis   of    the 

knuckle-joints  of  the  hinge  ; 

n  is  a  pin  or  stem  within 

the  spring,  and  fastened  in 

p^Lv'r,    the  two  ends  of 

^^^    the  caps  of  the 

j-iy.  1131.      Fig.  1152.  knuckle-joints. 

have  each  a  two  or  more  threaded  female 

thereinto  correspond  with  the  spring  used, 

-  as  these  caps  are  screwed  up  tightly  so 

■Hir  Ml'  ilir  ^, ,■  1h'  irLiiMed,  there 

in  either  direction.     I'ig.  1153  shows  the 


icupied  by  a 
:,  and  which 
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plan  of  this  hinge,  and  Eig.  1154  the  axis  for  carrying 
the  door.  On  this  axis  is  fixed  the  cam;/,  in  which  at  q" 
is  a  recess  fnr  iii-  i...;,'i  ,n  ,,r  llic  pressing  lever. 


:  '/';  a  constant  pres- 
:■  Ml  liy  the  springs  rr. 
j  1845)  is   for  improve- 


iUre  is  kept  up  ;i;_a'n-l 

Gollop's  patent   (.Ta 


ments  in  spring  hinges  and  spring  roller  blinds. 
Instead  of  cylindrical  springs  of  wire,  a  coiled  flat 
bar  or  ribbon  of  steel  is  used.  The  arrangements 
are  ingenious,  and  admit  of  extensive  application. 

Wilkes's  patent  (April  1845)  is  for  forming  the 
knuckle-joints  of  hinges  without  flaps  by  casting  or 
otherwise  separately ;  and  then  having  combined 
them  on  axes  and  placed  them  in  suitable  moulds,  to 
cause  the  flaps  to  be  oast  thereto. 

Boydell's  patent  (November  1845)  is,  1,  for  a 
mode  of  casting  iron  and  brass  hinges,  the  pivots  or 
axes  of  the  knuckles  of  the  hinges  being  of  one  piece 
with  one  of  the  flaps  of  a  hinge;  3,  for  a  mode  of 
easting  brass  hinges  where  separate  pivots  or  axes 
are  applied  after  the  flaps  of  a  hinge  are  cast ;  3,  for 
a  mode  of  making  cast  hinges,  casting  the  flaps  of 
hinges  several  at  one  time,  and  in  one  piece,  and  then 
I'.'lii'.  I  hem  afterwards;  4,  for  a  mode  of  anneal 

I  n  I  1  M%  a  peculiar  fat  obtained  from  the  goal. 

II''     11,   or    Hone    Slates,   a  term    applied   to 

'.        I      ;,:l y  stones,  which  are  used  in  straight  slabs 

I  1 1  Hi;  or  sharpenmg  the  edges  of  tools  after 

'     liern   ground   on   revolving   grindstones. 

\i'     I,  ,-  I''    in   li'"  poper  in  the  50th  volume  of  the 

"•  I   ■:     ^1     1,  '.r  Arts,  has  enumerated 

I-  \'  "■■  ■■',''  '-.iIm'  e'.:ii -est  variety  of  the  hone 
slates.  It  is  largely  ini|iorlcd  from  Norway,  in  the 
form  of  square  prisms,  from  9  to  ]  2  inches  long,  and 
1  to  2  inches  in  diameter.  It  gives  a  finer  edge  than  the 
sandstones,  and  is  in  very  general  use.  2.  Charnley 
Forest  stone  is  one  of  the  best  substitutes  for  the 
Turkey  oil-stone,  and  is  used  by  joiners  and  others 
for  giving  a  fine  edge  to  various  tools,  and  also  to 
penknives.  It  i-  fon-vl  i-i  rhnrn-v.„;-l  ynrr  f,  near 
]\Iouut  Sum  I,   ■      I  ■  ■  '   '        T.      I  'V 


othei 


stoi 


-■///'• 


puimj,  I.  e.  prescnl  ing  liard  p^ 
Scotch  stone,  or  S7iake  stone,  is  used  for  pohsliiiig 
marble  and  copper  plates ;  but  the  harder  varieties 
are  used  as  whetstones.  These  stones  are  always 
kept  damp  or  even  wet,  to  prevent  them  from 
becoming  hard.  4.  Idwall  or  Welsh  oil  stone  is 
similar  to  No.  2,  but  generally  harder.  It  is  ob- 
tained from  the  vicinity  of  Llyn  Idwall,  in  the 
Snowdon  district  of  North  AValcs,  and  is  more  gene- 
rally used  for  small  articles  of  cutlery  than  No.  'i. 
5.  DeoonsMre  oil-stone,  from  the  neighbourhood  of  Ta- 
vistock, is  described  as  an  excellent,  but  little  known, 
variety,  for  sharpening  all  kinds  of  thin-edged  broad 
instruments,  as  plane-irons,  chisels,  &c.  6.  Cutler's 
green  stone,  from  the  Snowdon  mountains  of  North 
Wales,  is  of  so  hard  and  close  a  texture  as  to  be 
applicable  only  to  the  purposes  of  cutlers  and  in- 
strument makers,  for  giving  the  last  edge  to  the 
lancet  and  other  delicate  surgical  instruments.  7. 
German  Razor  hone  is  known  and  esteemed  through- 
out Europe  as  the  best  whetstone  for  the  finer  de- 
scriptions of  cutlery.  It  is  almost  exclusively  used 
for  razors ;  for  beuig  very  soft,  it  is  cut  by  an  instru- 
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meiit  applied  at  au  angle,  instead  of  being  laid  down 
flat  as  the  razor  is.  This  stone  is  obtained  from  the 
slats  mountains  near  llatisbon,  where  it  occurs  in  the 
form  of  a  yellow  vein  running  into  the  blae  slate, 
sometimes  not  more  than  an  inch  in  thickness,  and 
varying  to  12,  and  in  some  places  IS  inches ;  from 
whence  it  is  quarried,  and  sawed  into  thin  slabs, 
which  are  usually  cemented  into  a  similar  slab  of  the 
slate  to  serve  as  a  support.  That  which  is  obtained 
from  the  "old  rock,"  or  lowest  part  of  the  vein,  is 
esteemed  the  best.  S.  Blue  polishiiuj  sione  is  a  dark 
slate  of  uniform  character,  and  not  laminated  in 
appearance.  It  is  used  by  jewellers,  clockmakers, 
and  other  workers  in  silver  and  metal,  for  polishing 
off  their  work.  It  is  cut  into  lengths  of  about  6 
inches,  and  from  \  inch  to  1  inch  or  more  wide,  and 
then  packed  into  small  bundles  containing  from  6 
to  16  in  each,  and  secured  by  withes  of  osier,  iu 
wliich  state  it  is  imported  for  use.  9.  G ret/  polishing 
stone  is  similar  in  properties  and  uses  to  the  blue,  but 
somewhat  coarser  in  texture,  and  its  colours  are 
paler.  It  is  obtained  from  the  same  locaKty.  10. 
Welsh  clcarhifj-stone  is  a  soft  variety  of  hone  slate 
cut  in  a  circular  form,  and  used  by  curriers  for  giving 
a  fine  smooth  edge  to  their  broad  straight-edged 
knives  used  for  dressing  leather.  11.  Peruvian  hone 
has  been  recently  introduced  as  a  whetstone,  and  is 
said  to  come  from  South  America.  It  cuts  freely 
with  oil  or  with  water,  and  is  suitable  for  shai-pening 
large  tools  that  do  not  require  a  very  fine  edge.  12. 
Arkansas  stone,  from  North  America,  is  of  unequal 
texture,  and  cuts  slowly.  13.  Bohemian  stones  are 
imported  from  Germany,  and  are  used  by  jewellers  in 
the  same  way  as  Isos.  S  and  9,  for  polishing  small 
work,  such  as  the  settings  around  gems.  They  cut 
well,  and  keep  a  good  point  for  small  work. 

In  addition  to  the  above,  we  may  here  notice  tlie 
Turkey  oil-stone,  although,  from  the  absence  of  lamellar 
or  schistose  stractui-e,  it  can  scarcely  be  considered 
as  a  lione  slate.  !Mr.  Holtzapffel  remarks,  that  "as 
a  whetstone  it  surpasses  every  other  known  substance, 
and  possesses  in  an  eminent  degree  the  property  of 
abrading  the  hardest  steel,  and  is  at  the  same  time 
of  so  compact  and  close  a  nature  as  to  resist  the 
pressure  necessary  for  sharpening  a  graver  or  other 
small  instrument  of  that  description.  Little  more  is 
known  of  its  natural  history,  than  that  it  is  fo»md  in 
the  interior  of  Asia  Minor,  and  brought  down  to 
Smyrna  for  sale.  The  white  and  black  varieties  of 
Turkey  oil-stone  differ  but  little  in  tJieir  general  cha- 
racters ;  the  black  is,  however,  somewhat  harder,  and 
is  imported  in  larger  pieces  than  the  white.  The 
rough  irregular  pieces  of  oil-stone  scarcely  ever 
exceed  about  3  inches  square  and  10  inches  long,  and 
are  generally  about  one-third  smaller.  When  cut  into 
rectangular  forms,  it  is  done  ^vith  the  lapidary's 
slitting-mill  and  diamond  powder.  The  blocks  are 
then  rubbed  smooth  with  sand  or  emery  on  an  iron 
plate.  The  piece  of  oil-stone  is  generally  iolaid  in  a 
block  of  wood,  iu  which  it  is  cemented  with  the  putty 
used  by  glaziers,  and  to  avoid  the  deposition  of  dust, 
a  wooden  lid  is  usually  added.     The  lid  ' 


covered  wiih  a  thick  piece  of  buff  leather,  which 
serves  to  aljsorb  the  oil  from  the  tool,  and  is  used  in 
the  manner  of  a  razor-strop."  Sperm  or  neat's-foot 
oil,  or  an  oil  not  disposed  to  thicken,  should  be  used. 

Many  persons  find  it  difficult  to  use  the  hone  in 
settmg  their  razors,  and  are  quite  unable  to  produce 
the  exquisite  edge  which  cutlers  give.  For  such 
persons,  Mr.  Payrer's  swing  hone  may  be  useful.  It 
consists  of  a  flat  and  parallel  slip  of  brass,  a.  Fig. 
1155,  formed  like  a  hone,  but  with  pivots  at  the  end. 


by  which  it  is  mounted  in  two  notches,  dd,oi  a,  frame, 
cc,  so  as  to  swing  and  accommodate  itseK  to  the  angle 
at  which  the  razor  or  other  instrument  is  applied  to 
it.  e  e  are  two  boxes,  one  to  hold  a  coarse,  and  the 
other  a  Que,  powder.  One  side  of  the  brass,  marked 
K,  is  first  used  with  fine  oil-stone  powder  and  oil, 
afterwards  the  other  side  with  pulverized  water-of-Ayr- 
stone  and  oil,  and  the  razor-strop  is  then  resorted  to. 

Small  pieces  of  this  stone  are  cut  into  slips  of 
different  forms  for  the  use  of  the  lapidary  and  others. 
Oil-stone  powder  is  also  used  for  grinding  together 
the  brass  or  gun-metal  fittings  of  mathematical  instru- 
ments ;  and  this  powder  is  preferred  to  pumice-stone 
powder  for  polishing  superior  brass  works. 

The  following  are  the  analyses  of  a  few  polishing 
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In  our  article  Cutlekt,  we  referred  the  setting  of 
razors  to  the  present  article :  we  will  therefore  con- 
clude with  a  few  details  on  this  subject.  A  razor 
may  be  defective  from  being  notched,  from  having  a 
■mire  edge,  or  a  hlant  obtuse  edge.  Notches  arise  from 
brittleness  of  the  metal,  occasioned  by  overheating 
in  the  forging  or  hardening.  There  is  no  remedy  for 
this  defect,  unless,  indeed,  it  has  merely  been  left  too 
hard  in  the  tempering,  when  it  may,  perhaps,  be 
remedied  by  tempering  a  little  lower  than  at  first. 
The  wire  edge  iu  a  new  razor  arises  from  the  use  of 
the  glazers  and  polishers  used  in  the  manufacture. 
As  these  revolve  away  from,  and  not  towards  the 
edge,  they  always  le.ave  a  thin  filmy  edge.  The  wire 
edge  may  also  occur  from  the  excessive  use  of  the 
hone,  "as  when  the  two  faces  of  the  wedge  are 
rubbed  away  beyond  that  point  at  which  they  first 
meet,  a  slender  film  of  steel  begins  to  form,  because 
the  extreme  edge  is  then  so  thin,  that  it  bends  away 
from  the  hone  instead  of  being  rubbed  off."  The 
blunt  obtuse  edge  is  often  occasioned  by  an  excessive 
use  of  the  strop,  or  after  grinding,  the  hone  has  not 


been  sufficicutlj  used.  The  rouuded  edge  may  occur 
from  the  use  of  a  soft  strop ;  the  leather  against  the 
edge  being  indented,  rises  as  an  abrupt  angle,  and 
injures  the  keenness  of  the  blade. 

The  whetstones  used  in  setting  razors  should  be 
perfectly  flat  on  tlie  face:  tliey  should  be  aUiays 
supplied  with  oil,  and  be  kept  clean.  In  a  new  i ,'/( u , 
or  au  old  one  just  ground,  the  Charnley  fori  i 
is  used  for  striking  off  the  wive  edge.  Tlic  'I V: '  ■  v 
oil-stone  and  the  green  hone,  or  Welsh  hone.  ,im  ;.;.  , 
used ;  but  the  yellow  German  hone  is  to  be  preferred 
to  all.  Slabs  of  lixmatite  iron  ore  are  also  occasion- 
ally employed  for  giving  the  iinal  edge. 

In  striking  off  the  \Tire  edge  "  the  blade  is  grasped 
in  the  right  hand  by  its  tang,  and  near  to  the  cutting 
part,  and  is  placed  square  across  the  one  end  of  the 
stone,  but  tilted  about  10°  or  20°,  and  is  then  swept 
forward  along  the  stone,  edge  foremost,  in  a  circular 
arc,  so  as  to  act  on  the  entire  edge :  each  side  in 
general  receives  only  one  stroke,  and  this  produces 
a  oomraratively  obtuse  edge,  measuring  from  40°  to 
130°.  Should  this  fail  to  remove  the  wu-y  cili'  ,  |i  . 
blade  is  placed  perpendicularly  upon,  and  dr:i\\  n  \ 
a  little  pressure  across,  a  strip  of  born,  (geur,  ,., 
spoiled  razor  handle,)  which  is  fixed  down  tu  ilu 
bench,  tlie  friction  of  the  horn  against  tlie  edge  gene- 
rally suffices  entirely  to  remove  the  w^iry  film,  other- 
wise the  blade  is  struck  once  more  on  each  side  along 
the  stone.  Should  the  fibn  of  steel  be  left  in  the 
stone,  it  is  removed  before  another  blade  is  applied." 
The  razor  is  then  set  on  the  German  hone.  It  is  held 
as  before,  but  placed  quite  flat  down  so  as  to  touch 
ou  tlie  back  and  edge.  "  Some  prefer  a  long  sweep- 
ing stroke  backwards  and  forwards,  others  prefer 
small  cu'cular  or  elliptical  strokes,  and  others  a  short 
zigzag  movement,  but  all  gradually  work  from  heel 
to  point,  or  draw  the  razor  forward  so  as  to  act  on 
all  parts  alike,  and  most  persons  lift  the  razor  end- 
ways towards  the  conclusion,  allowing  its  point  still 
to  rest  on  the  hone  -ndth  the  view  of  sharpening  tlie 
circular  end  of  the  blade."  The  razor  must  bo  turned 
over  at  short  intervals  so  as  to  whet  it  upon  its  oppo- 
site sides  alternately ;  but  it  is  usual  "  to  conclude 
the  process  by  sweeping  tlie  razor  edge  foremost  once 
on  each  side  steadily  along  the  hone,  as  if  in  shaving 
off  a  thin  slice  of  the  hone :  this  lessens  the  disposi- 
tion to  the  wire  edge."  The  process  must  be  con- 
tinned  until  the  new  facets,  constituting  the  wedge  of 
17°  to  20°,  exactly  meet  at  the  extremity  of  the 
more  obtuse  angle  given  by  the  striking  off.  Should 
the  wiry  film  stlu  form,  it  must  be  removed  by  draw- 
ing the  blade  across  the  slip  of  horn,  and  continue 
the  whetting  for  shorter  periods  on  each  side.  If  the 
lllin  is  very  minute,  some  persons  leave  it  to  be  re- 
moved by  the  strop ;  but  the  bone  must  not  be  given 
up  unlil  the  notches  are  no  longer  perceptible,  and 
the  edge,  when  viewed  edgeways,  does  not  present 
any  visible  thickness  or  width,  but  only  the  meeting 
of  (he  two  sides  of  the  blade.  The  razor  may  now  be 
slightly  stropped,  drawing  it  backwards  from  heel  to 
point.  The  strop  should  have  a  hard  surface,  and 
only  a  very  moderate  quantity  of  abrasive  matter; 
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for  if  soft,  and  with  a  large  quantity  of  dressing,  the 
edge  of  the  razor  i.s  very  Hablc  to  be  turned  round. 
Mr.  Holtzapffcl  recommends  for  the  razor-strop  a  fine 
smooth  sui-face  of  calf-skin,  with  the  grained  or  hair- 
side  outwards,  pasted  or  glued  do^Ti  flat  on  a  slip  of 
wood.  Almost  any  extremely  fine  powder,  mixed 
V  iiii  :<  iliilr  -r,  ,1  -  :iii.I  \-  -v^  ^,111  do  for  the  dressing, 
iv,  crocus,  natural  and 
I   I  ■  .1  I       ■        :     ik  lead,  or  the  charcoal 

If     I'liirnii;   advertisements   and 
:i:    i      i  ,       i  ^  ; lie  strop-makers  are  unworthy 

1'  lu'^t  tradesmen.     One  side  of  the 

.i  ,  ,,  I  1  :  ,  plain  for  the  finishing  stroke,  and 
llu;  t.l,e.r,h,  iiiitiiJeJ  to  keep  the  strop  clean  when  not 
in  use,  should  always  be  put  on  the  same  way,  to  pre- 
vent any  of  the  dressing  from  being  carried  over  to 


luy  of  the 
li  liy  fancy 


'  ■'      Did  lather  I 


would 

supply  of  hot  water  to  be  iiicrcl;.  i-  «;,;';.ii  :  t  iir, 

razor,  which   may   be    <'   ■ iv.  ire   during 

sliaving,  and  again  ji!  1    :    :.  i  ,i-.     iSIow  the 

effect  of  these  dippiiiL    i  liiirraturc  of 

the  blade,  and  cause  ii  e>L,  in  ;,ii  !,i  ,.  udily  to  the 
strop;  then,  during  the  repose  of  21  hours,  it  cools 
dowu,  and  settles  into  that  condition  of  edge  whicli 
was  imparted  to  it  by  the  final  stropping ;  and  if  tliis 
be  skilfully  and  judiciously  done,  the  razor  is  in  prime 
condition  when  the  time  for  shaving  again  comes 
rouiul.  If,  on  the  contrary,  the  razor  be  dipped  into 
hot  water  and  stropped  just  before  beuig  used,  the 
effect  is  too  abrupt  and  sudden  to  allow  of  (hose 
molecular  clianges  which  vv-e  may  suppose  to  take 
place  on  allowing  (he  metal  time  to  adjust  itself  on 
cooling  down.  But  whatever  course  be  adopted,  one 
thing  is  certain— uidcss  (he  strop  be  used  with  great 
moderation  and  caution,  it  is  always  likely  to  do  more 
harm  than  good. 

After  the  razor  has  been  frequently  set,  it  becomes 
so  wide  in  the  bevil  or  facet  as  to  require  re-grindmg 
to  thin  it  away.  The  cutler  tries  the  keenness  of  the 
edge  by  making  a  faiat  incision  in  the  thick  skiu, 
covering  the  mner  edge  of  the  palm  of  the  left  hand ; 
he  also  tries  it  upon  the  thumb  or  finger-nail,  placing 
it  iu  a  lino  with  the  finger,  and  obbquely  across  the 
end  of  the  nail,  oi  at  light  angles  to  the  fingoi  allow- 
ing it  to  rest  upon  the  back  of  the  nail  the  nad  of 
the  third  finger  is  considered  the  most  sensitive  In. 
this  way  a  veiy  minute  notch  in  the  edge  is  qnilo 
perceptible     the  kc  i  i      1      i         1  of  bv  tiie 

degree  in  which  Die  1  1   (hckrtu 

blade  making  the  dei  j  i  n^'  a  di  ij; 

ging  but  smooth  le  111      Hunt  i     oi 

slides   over  with  le^b   ptneti  ifi  n      il   di  i.,     Hr 
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HONEY-STONE— BORTJ. 


Kingsbury  proposes  tlie  use  of  a  magnifier  for 
examining  tLe  entire  eiige.  Under  a  microscope  of 
a  linear  power  of  50  to  100  tbe  edge  presents  a 
faintly  undulatn'-g  and  irregular  line,  resembling  a 
ripple  mark.  Indeed,  the  edge  of  a  good  razor  bears 
tliis  seTere  scrutiny  much  better  thau  most  of  the 
productions  of  art. 

HONEY.     See  Sugak. 

HONEY-STONE,  or  Mellite,  a  rare  mineral, 
fouud  in  small  solitary  octohcdral  crystals  of  a  honey- 
yellow  colour,  among  the  layers  of  wood-coal  at  Arteui, 
iuThuriugia.  It  contains  an  organic  acid,  the  ?«e//i7«', 
(C4H04,)  and  is  in  fact  itself  a  mcUitate  of  alumina. 

HOPS.     See  Beeu,  vol.  i.  p.  113. 

IIORDEINE.     See  Beer,  vol.  i.  p.  112. 

HORN.  The  term  horn  is  commonly  applied  to 
any  hard  projecting  body  on  the  head  of  animals, 
serving  as  a  weapon  of  defence ;  but  it  is  strictly  ap- 
pliaible  only  to  a  certain  class  of  such  weapons.  For 
instance,  the  antlers  of  the  stag  consist  entkely  of 
boue,  and  have  no  right  to  the  denomination  "  horns  ;" 
the  weapons  of  the  ox,  the  sheep,  and  the  antelope, 
consist  of  a  sheath  of  true  homy  material  on  a  bony 
core ;  whUe  the  horns  of  the  rhinoceros  are  wholly 
composed  of  horny  matter.  Bone  and  liorn  arc  as 
distinct  from  each  other  as  both  are  from  ivory;  yet 
the  three  are  often  confounded  by  the  application  of 
the  general  term  "horn"  to  antlers,  tusks,  and  true 
liorns.  Besides  the  horns  on  the  head  of  animals, 
there  are  other  horny  processes  in  the  hoofs,  claws, 
naUs,  &c.,  and  there  are  various  modifications  of  horn, 
in  the  scales  of  the  armadillo,  the  jilate-armom-  of  the 
tortoise,  the  spines  of  the  porcupine  and  hedgehog, 
and  the  quills  of  birds. 

Horn  consists  principally  of  membranous  animal 
matter,  being  a  compound  of  coagulated  albumen, 
gelatine,  and  a  small  portion  of  phosphate  of  lime.  It 
has  been  well  remarked  of  these  proportions,  "had 
the  horns  much  more  earth,  they  would  be  brittle  like 
bones ;  had  they  much  more  gelatine,  they  would  be 
soluble  like  jelly  or  glue ;"  as  it  is,  they  arc  easily 
convertible  to  the  purposes  of  the  manufacturer,  by 
whom  they  are  so  largely  used  that  considerable  im- 
portations of  horns  are  necessary,  in  addition  to  the 
supply  afforded  by  this  country. 

The  horns  chiefly  applied  to  manufacturing  uses  arc 
those  of  the  bull  and  cow,  with  the  hoofs  of  those 
animals.  Large  quantities  are  imported  from  Russia, 
South  America,  and  Southern  Africa.  The  horns  of 
the  bison  and  buffalo  are  also  in  demand,  the  latter 
being  frequently  reserved,  on  account  of  their  beauty, 
for  superior  purposes.  The  horns  of  the  chamois  and 
antelope  are  polished  and  used  in  their  natural  forms. 

The  first  process  in  the  manufacture  of  horn  is  that 
of  detaching  it  from  the  bony  core  :  this  is  done  by 
maceration  of  the  whole  honi  in  water  for  a  month 
or  sk  weeks,  when  the  membrane  which  attaches  the 
horn  to  the  core  is  destroyed  by  putrefaction,  and  the 
two  become  easily  separable.  The  cores,  when  burnt 
to  ashes,  form  the  best  material  for  the  small  tests  or 
cupels  employed  by  the  assayers  of  gold  and  silver. 

The  tips  of  the  horn  are  then  sawn  off,  these  being 


entirely  solid,  and  adapted  for  cutleiy  pm-poscs,  for 
the  button-manufacture,  iSrc.  The  remainder  of  the 
horn  is  then  either  cut  into  short  lengths,  or  soaked 
entke,  aecordiirg  to  the  use  to  which  it  is  to  be  ap- 
plied. Immersion  in  boiling  water  for  half  an  hour 
greatly  softens  the  horn,  but  the  effect  is  afterwards 
heightened  by  holding  it  in  tlie  flame  of  a  coal  or 
wood-fire,  when  it  becomes  exceedingly  soft,  and  can 
be  easily  slit  up  the  side  with  a  knife.  It  is  now- 
opened  by  means  of  pmeers,  and  spread  out  nearly 
flat.  In  order  to  obviate  the  risk  of  scorching  the 
horn  over  an  open  fire,  Mr.  James  employs  a  sort  of 
iron  mould,  with  a  conical  ii-ou  plug.  These  are 
heated  at  a  stove  to  the  temperature  of  melting  lead, 
and  tlie  horn  cut  lengthways  with  a  saw  or  knife  is 
inserted  in  the  mould.  The  plug  is  then  gradually 
driven  in  with  a  ra;dlet,  and  in  about  a  minute  the 
horn  is  softened  and  ready  to  be  opened  in  the  usual 
mamier.  The  "flats,"  as  they  are  called,  are  then 
inserted  either  between  iron  phites,  previously  heated 
and  greased,  or  between  wooden  boards,  and  are  sub- 
jected to  a  certain  amount  of  pressure,  varying  ac- 
cording to  the  intended  use  of  the  horn.  If  it  is  to 
be  used  in  lanterns,  the  pressure  is  continued  until 
the  substance  of  the  horn  is  separable  into  distinct 
plates.  These  are  laid  singly  on  a  board  covered  with 
bull's  hide,  and  scraped  with  a  draw-knife,  having  a 
wire  edge.     When  reduced  to  the  proper  degree  of 

j  thiimess,  tiiey  are  pohshed,  first  with  a  woollen  cloth 
dijiped  in  charcoal-dust  and  water,  then  with  rotten- 
stone,  and  finally  with  horn  shavings.   The  largest  of 

I  the  films  of  horn  which  ceine  off  dm-ing  these  pro- 
cesses, arc  often  dyed  and  cut  into  various  forms, 
when  they  become  highly  sensitive,  and  curl  up  by 

I  the  mere  warmth  of  the  hand.  Toys  of  this  descrip- 
tion were  originally  brought  from  Cliina,  hence  they 
are  commonly  caUcd  Chinese  sensitive  leaves. 

For  general  purposes  the  pressure  given  to  horn  is 
very  moderate,  especially  for  combs,  where  too  much 
pressure  causes  tlie  teeth  to  split.  Heat  and  pres- 
sure appHed  to  light-coloured  horn,  render  it  trans- 
parent ;  but  artificial  colour  is  given  to  the  greater 
part  of  the  articles  fabricated  of  horn.  This  is  easily 
done  by  boiling  the  horn  in  infusions  of  colouring 

I  ingredients.  The  rich  red-brown,  employed  to  imitate 
tortoiseshell,  is  obtained  by  mixing  pearlash,  quick- 
lime, litharge,  and  a  Uttlc  pounded  dragon's-blood,  in 
a  snfScieut  quantity  of  water.  This  preparation,  after 
boiling  half  an  hour,  is  applied  hot  to  those  parts 
of  the  horn  which  arc  to  be  coloured,  and  is  left 
some  time  on  the  surface.  A  deeper  tinge  in  particu- 
lar parts  is  obtained  by  repeating  the  application.  A 
blacker  brown  is  produced  by  omitting  tiie  dragon's- 

Eor  drinking-cups  the  horn  is  cut  into  lengths  be- 
fore it  is  softened,  and  when  the  scalding  and  roasting 
processes  have  been  gone  through,  it  is  not  slit,  but 
placed  whUe  hot  in  a  conical  moiJd  of  wood,  a  conical 
woodcu  plug  bemg  also  driven  in,  to  press  the  horn 
to  the  true  shape.  When  cold  it  is  taken  out  of  the 
wooden  moidd,  and  fixed  by  the  large  end  to  the  man- 
dril of  a  lathe,  where  it  is  turned  and  polished,  and 


a  groove  formed  to  receive  the  bottom.     This  is  c 
out  of  a  fiat  piece  of  horn  by  means  of  a  crown  sa' 
autl  is  dropped  into  the  horn,  and  forced  into  ll 
groove,   the  horn  having  been  previously  m  ^!  ik 
before  the  fire,  enough  to  admit  of  the  ncei' 
pansion.     Contraethig  as  it  cools,  tlic  horn  ti  . 
bottom  so  firmly  as  to  make  it  perfectly  walLr-li^i.i 
For  kuife-handlcs  and  other  works  where  horn  r 
quires  to  be  moulded,  the  process  is  as  follows.     Tl 
horn  is  first  cut  with  a  saw  into  convenient  piece 
and  then  heated  until  soft  enough  to  be  jiuvil  ;,i 
shaped  with  a  knife  into  somewhat  of  the  iv 
form.     The  pieces  are  then  pressed  into  miniM    . 
sisting  of  two  dies,  or  pieces  of  metal  liaviir,  •  . 


rved,  f 


isted,  c 


to  the  pattern  to  be 
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carried  on  in  the  heavens;  the  parts  of  which,  from 
Iheir  perfect  similarity  to  each  otlier,  are  cori-cct 
measures  of  tlic  continuous  and  successive  quantity 

r.,r.'  I  ,',  ,  ,  V, :'  h  w  hich  they  are  conceived  to  co-exist. 
i         :  ,  May  be  defined — the  perceived  num. 

!;ii'vcments." 
li.cii;  ...  i!u  lLliIjI  that  the  regular  periodical  move- 
ments of  the  heavenly  bodies  gave  rise  to  the  measure- 
ment of  time  and  the  present  method  of  div. 


e  betwi 

ll  rising  of  the  bright 
lie  sun  attains  his  gn 


1  the  1 
called  £ 


srill! 


;-of  till 


cation  of  polishing  i^ondei's  to  fiat  -n'orks. 

The  ancient  uses  of  horn  include  its  conversion  into 
bows,  c.Kamples  of  which-  are  still  found  in  India  and 
Cliina;  its  use  as  a  musical  instrument,  (the  horn  of 
the  wild  bull  tipped  with  silver,  and  slung  in  a  silver 
chain,  having  been  the  true  bugle-horn  of  former 
times ;)  its  employment  in  windows  before  the  dis- 
covery of  glass,  and  its  conversion  to  purposes  of 
defence,  a  complete  suit  of  scale  armour  made  of  horn 
having  been  seen  and  described  by  Mr.  Aikiu,  to 
whose  T.fftnre  on  Hon,,  delivered  liefore  the  Society 


e  to 


.  Its 


a  13'6,  lime  10-2,  alumina  11'5,  pri 
iron  35,  protoxide  of  manganese  1'15,  h\ 
acid  and  water  2-2. 

HORN  LEAD.    See  Le.yd. 

HORN  SILVER.     See  Silver. 

HORN  STONE.    A  variety  of  rhomboid 


Tl  i 


s  used  fur 


(■  j.ur 


Icll.M-  i!m'  i.iai.rV  .  1  ■'' 
the  action  of  the  variou 
pose  of  measuring  time. 

It  is  not  easy  to  give  a  good  definition  of  time. 
Aecorduig  to  Locke  it  is  "  the  consideration  of  dura- 
tion as  set  out  by  certain  periods,  and  marked  by 
certain  measures  or  epochs."  According  to  Aristotle 
"our  conception  of  time  originates  in  that  of  motion; 
and  partic'dai-lv  in  those  regular  and  equable  motions 


revolution,  without  rclVn 
a./*.™/r%.     This  is 


by  the  apparent  motion  of  the  s. 


i/jipit 


'•/ll  tini 


•liest  instruments  invc 
of  measuring  time  v\ere  sunn 
The  principle  upon  which  sun 
may  be  readily  understood  by  s 
be  a  transparent  sphere,  Kg.  i 
taut  circles  a,  b,  c,  d,  &o.  marl^c 
through  the  poles :  then,  as  the 


plane  of  all 
.,ted  by  an 

I. "h  part 'of 


:iiid  as  indefinitely  great  h  .  ;  ■  ! 
uf  the  earth,  any  small  : 
luiiir-eireles  marked  upon  i',  pi  ::_■  lim 
if.les,  and  with  its  axis  parallel  to  the  axi 
arth,  would,  if  made  to  revolve  regidarly  ir 
i,   present  the  same  appearances  as   the  e 
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on  the  above  supposition :  the  shadow  of  the  opaque 
axis  N  s  would  fall  in  succession  upon  the  hour- 
circles.  Now  if  tills  small  globe  be  cut  by  a  plane, 
A  B,   passing    through  its   ccnti-e  parallel    to    the 


horizon  of  the  place  where  the  experiment  is  being 
conducted,  and  straight  lines  be  drawn  from  the 
centre  of  the  sphere  to  those  points  of  the  hour-cu'cles 
cut  by  the  horizontal  plane ;  the  shadow  of  the  half 
axis  above  such  plane  will  fall  on  those  lines  in  suc- 
cession every  hour.  In  the  construction  of  a  sun- 
dial these  lines  are  drawn  by  simple  geometrical  rules 
upon  a  flat  surface  supposed  to  represent  the  cuttiug 
plane  a  b  ;  and  a  piece  of  metal,  called  a  gnomon,  with 
a  sliarp  edge,  called  the  style,  is  fixed  on  the  surface, 
so  that  this  style  shall  be  truly  parallel  with  the  axis 
of  the  earth  at  the  place  of  observation,  then  the 
shadow  of  this  edge  moves  from  one  line  to  another 
in  an  hour.  This  forms  the  horizontal  sun-dial.  A 
vertical  dial  for  fixing  against  an  xipright  wall  may  be 
formed  by  cutting  the  globe  with  a  vertical  plane,  c  d, 
instead  of  the  horizontal  one,  a  b  ;  in  which  case  the 
planes  of  the  circles  will  cut  the  upright  plane  in 
straight  lines  radiating  from  the  centre  of  the  sphere 
or  of  the  circle ;  and  the  lotcer  half  of  the  axis  wiU 
become  the  style  of  the  dial. 

The  word  clcpsi/dra  is  from  the  Greek  KKiirTa,  to 
steal,  and  v&aip,  water,  as  indicating  that  the  course  of 
time  was  marked  by  the  steallhi/  flow  of  water.  If 
a  vessel  of  water  be  kept  full  by  a  stream  running 
iuto  it,  and  a  hole  be  made  near  the  bottom,  the  water 
will  flow  from  the  hole  and  fill  a  second  vessel  at 
a  uniform  rate ;  and  this  second  vessel  may  have  its 
sides  graduated,  or  carry  a  floatmg  index  pomting  to 
a  graduated  plate  divided  iuto  hoiu's,  and  even  mi- 
nutes, provided  the  index  rise  fast  enough  to  distin- 
guish them.  When  the  index  ai-rived  at  the  top  it 
might  be  made  to  open  a  valve,  let  out  the  water,  and 
descending  to  the  bottom  close  the  valve,  and  again 
commence  its  ascent :  if  it  were  contrived  that  this 
should  take  place  every  13  hours,  it  would  form  a 
self-acting  clock,  requiring  no  aid  except  from  the 
stream.  But  if  a  vessel  be  filled  and  graduated 
accordmg  to  the  rate  at  which  water  flows  out,  v.'hich 
is  not  uniform,  but  varies  as  the  square  root  of  the 


height  above  the  hole  at  which  it  stands,  this  will 
also  serve  for  a  clock  until  the  vessel  is  empty. 

Hollow  cups,  with  a  hole  in  the  bottom,  were  some- 
times used  to  measure  tune:  one  of  these  bemg 
floated  upon  water  would  gradually  fill  and  sink  in 
an  ascertained  period.  The  burning  of  a  candle  or 
portions  thereof  also  served  the  purpose  of  indicating 
divisions  of  time.  Sand  is  in  one  respect  prel'erable 
to  water  for  measuring  time:  it  flows  through  an 
orifice  with  very  nearly  equal  velocity,  because  the 
pressure  among  its  particles  is  not  transmitted  in  all 
directions,  as  in  the  case  of  water.  The  sand-glass  is 
so  contrived,  that  a  quantity  of  sand  shall  flow  from 
one  bidb  of  glass  into  another  thi-ough  a  short  tube 
or  orifice  comiecting  the  two,  in  an  hour,  half-an- 
hour,  or  any  other  portion  of  time,  and  at  the  end  of 
one  period,  another  can  be  marked  simply  by  invert- 
ing the  glass. 

i».  All  these  contrivances  for  marking  the  course  of 
time  are  so  very  inferior  to  the  clock,  that  upon  its 
introduction  they  were  either  superseded  or  retained 
as  ornaments  or  curiosities.  The  invention  of  the 
clock  is  of  much  later  date  than  some  wi'iters  have 
supposed ;  for  although  the  term  horologium  is  met 
with  earlier  than  the  middle  of  the  14th  century,  the 
period  assigned  for  the  invention,  that  term  was  pro- 
bably applied  to  all  instruments  used  for  marking  the 
progress  of  time.  The  first  clock  is  said  to  have  been 
erected  at  Bologna  in  1356.  In  1364,  Hem-y  dc 
"Wyck,  or  Henri  de  Vic,  a  German  artist,  placed  a 
clock  in  the  tower  of  the  palace  of  Charles  V.  The 
introduction  of  clock-work  into  England  was  probably 
in  130S,  when  Edward  III.  granted  protection  to 
three  Dutch  horologiers,  who  had  been  invited  from 
Delft.  About  1370  a  clock  was  erected  at  Strasburg; 
about  the  same  period  Courtray  had  a  clock,  which 
was  removed  by  the  Duke  of  Bui-guudy  in  13S2. 
There  was  a  clock  at  Spire  in  1395  ;  at  Niiremberg 
in  1463 ;  at  Anxerre  in  1483 ;  and  at  Venice  in  1497. 
By  the  end  of  the  15th  century  clocks  were  not  un- 
common in  private  families  on  the  continent,  wid  it 
is  probable  also  that  they  had  become  general  in  Eng- 
land ;  for  Chaucer  uses  the  terms  "  clock"  and  "  abbey 
orloge,"  in  the  way  of  famUiar  Ulustration.  Accord- 
ing to  Berthoud,  the  clock,  such  as  that  erected  by 
Henry  de  Wyck,  is  not  the  invention  of  one  man, 
but  of  many  men  at  different  periods,  and  the 
following  may  be  regarded  as  the  principal  steps  in 
the  invention  : — 1 .  The  use  of  wheel-work,  which  was 
known  and  applied  in  the  tune  of  Archimedes.  2.  A 
weight,  used  as  a  mauitaining-power :  this  would 
probably  be  accompanied  by  a/y  to  regulate  the 
velocity.  3.  The  ratchet-wlieel  and  click,  for  winding 
up  the  weight,  without  detaching  the  teeth  of  the 
great  or  main  wheel  from  those  of  the  pinion  in 
which  they  were  engaged.  4.  The  regulation  by 
fiy  being  variable  according  to  the  varying  density 
of  the  atmosphere,  &c.  would  lead  to  the  invention  of 
the  alternating  motion  of  the  balance,  and  this  would 
require  an  escapemetit  of  some  kind.  5.  These  last 
two  inventions  would  induce  great  regidarity  in  the 
motions  of  the  wheelwork,  and  would  have  suggested 


the  dlul-plaia  witli  a  single  hour-haml  or  pointer ; 
modillcations,  iu  fact,  of  the  sun-dial  plate  aud  the 
gnomon :  the  minute-haacl  was  a  later  contrivance, 
and  the  seconds-hand  still  more  recent.  G.  The 
s/ri/ci/ii/  part,  to  inform  persons  at  a  distance  of  the 
hour.  7.  The  ularum,  or  alarm,  originally  invented 
for  the  purpose  of  arousing  the  priest  to  lus  morning 

Such  appear  to  be  the  successive  steps  by  which 
the  clock  attained  a  considerable  degree  of  efficiency 
as  a  time-measurer.  All  great  inventions  are  ad- 
vanced towards  perfection  by  a  similar  combination 
of  the  labours  of  many  miuds,  and  it  may  be  taken 
for  granted  that  De  Wyck's  clock  was  no  exception 
to  the  general  rule.  One  of  the  first  applications  of 
the  clock  was  for  astronomical  observations,  and  wo 
find  that  some  of  the  most  important  improveiiicuts 
in  clock-work  are  due  to  astronomers. 

It  is  uncertain  at  what  period  the  clock  was  made 
portable;  but  as  early  as  1530  it  was  proposed  by 
Gemma  Frisius  to  use  a  portable  clock  for  the  pur- 
pose of  ascertaining  the  longitude  at  sea;  and  iu 
154-1  the  corporation  of  master  clock-makers  at  Paris 
obtained  a  statute  from  Prancis  I.,  whereby  any  one 
not  an  admitted  master  was  forbidden  to  make  clocks, 
watches,  or  alarums,  large  or  small.  In  making  clocks 
portable,  the  substitution  of  a  maiu-spriug  for  a 
weight,  as  the  ranintnining-pnwcr,  m\ist  have  been 
made:  this,  with  tlio  iv.voiif'Vii  ..rilie/«,w,  introduced 


The  next.,. 

■,r  art  was  the  1 

aw  of 

isochronisrd  ../  .' 

,.,!.■  by  Galileo 

wliile 

pursuing  his  sluJxs  at  Pisa  i 
In  15S3  he  recommended  the  p 

l.out  the  year  15,S1.' 
ndulum  to  be  used  in 

measuring  time. 

[u  his 

first 

applications  of 

it  to 

astronomical  obsc 

vatioi 

3   he 

IS    to 

count  aud  re-;-:. 

„,-.    l„.r     ].,.     .,,, 

vented  means   f  , 

fifty  years  hit ri  : 
peudulum.ch.i. 

„  ^   1: 

and  such,  thai  :   ■,: 
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1641  Richard  Harris  made  a  long-pendulum  clock  for 
tlie  church  of  St.  Paul's,  Covent-gardcn.  It  has  how- 
ever been  suggested  that  Inigo  Jones,  tlie  architect, 
having  been  in  Italy  during  the  lime  of  Galileo,  may 
iiave  communicated  to  Harris  what  he  had  heard  of 
tlie  pendulum.  Huyghens  also  constructed  a  marine- 
clock,  and  he  discovered  that  its  pendulum  vibrated 
more  slowly  as  its  approached  tlic  equator,  which  led 
the  way  to  the  subsequent  discovery  of  the  oblate 
spheroidal  form  of  the  earth.  Ho  also  discovered  tluit 
the  isochrouism  of  the  pendulum  is  true  only  when 
the  ball  moves  in  the  involute  of  a  cycloid;  hence 
ci/cluidal  cheeks  were  contrived  for  causing  the  ball  to 
describe  that  curve;  but  as  no  substance  could  bo 
found  of  suiScient  strength  ami  i'.sil):li'v  fu  l',.r;.i 
a  thread  which  should  easily  \\\\.\  ,  ■  ,  ,  ,!  il 
cheeks,  and  of  such  a  nature  as  1,  .,   i    i    ,  ,;, 

the  C3xloidal  pendulnin,  alilv     a  ,    ■    :i   k     :;\, 

was  found  to  be  iufr;:    ;      '  ;;i,>:l 

pendulum;  for  when    '       .     :     , 

poses,  isocli;  ,,,,;i~,  ',  ,    I  ill'  circle  has  the  same 

curvature  a  ,    i  !  ,  i    •  ,  ,  lowest  point,  aud  may 

be  taken  a-  I  •  "i    ■  lur  a  small  distauce.- 

In  Kjrii,  ,!  L  ,.'  ;  iv,r';iuaker  named  Barlow 
invented  the  rrpcal'mj  mechanism,  by  which  the  hour 
last  struck  may  be  known  by  pulling  a  string.  Much 
ii:gcnuity  was  also  thrown  away  upon  the  construc- 
tion of  clocks  for  sliowiug  both  mean  and  apparent 
time.  Tlie  most  importaut  invention  of  this  period 
was  the  anchor  escapement,  the  invention  of  which 
has  been  referred  by  some  to  Dr.  Iluokc,'  ami  by 
others  to  Clement,  a  London  r',!,,  ,',r,  Iho 
great  advantage  of  this  cscapi  ,  ,  ,  :  ^M 
crowuwheelis.that  it  allows  th"  <   ,    ;  ,  :  ,  ,• 

iu  a  small  angle  of  vibration,  t!m,  ,  ,  ,  .  ,  :  ,  i.c 
i;<  , ,  -    ly  for  tlie  maintaining  |i"v.   i     ,      .    i         i!i,: 


a  I  with  S( 

i!ir  iutroductio 


great  a 


of  a 


could  be  COUUtial  ;  :;l,,i  rs  <;M,-,;!ii,-y  ,s  :  a,'  ,,  1  ha  I  :■.■,,,), 

equally,  that  one  will  not  difi'cr  from  another  so  much 
as  the  beat  of  a  pulse,  not  only  in  an  hour,  but  even 
ill  a  day  or  a  month."  The  honom-  of  first  applying 
tlie  pendulum  to  a  clock  has  been  also  claimed  by 
Huyghens,  who  before  the  year  1G5S  certainly  super- 
intended the  makir.g  of  a  pendulum  clock,  and  whose 
excellent  trcalis,-  -  ,"    ,",,■,'     ■    ri,  ■■"■'•  •;■,•'  led  the 

clock-work.    II'—  ,    -.  of  vibra- 


by  a  tlim  aud  ficxiblc  spiiug,  auoihcr  invention  of 
Clement's ;  although  this  has  also  been  claimed  for 
Dr.  Hooke.     The  seconds  pendulum  with  tliis  escape- 
ment was  called  the  roijul pendnliua. 
The  next  great  invention  iu  tli,'  ari.  v. ,i,  liio  uiii,i- 


m of  the 


ion  pni 


;   efl'ecis    upon   the   length 
ingcs  of  temperature.     In  17  i 


the  smaller,  aud  that  the  iiincof  a    ,  ',  :■  ', 

tion  is  to  that  of  a  very  small  oi;  ,  :        -  ' 

should,  however,  be  stated,  that  a  (■• 
own  is  entitled  to  some  share  of  l!a   !    .,    n  \, ' 
has  been  contested  by  GalQeo  aud  Huyghens ;  for  i 


.e  pendulura 
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substituted  a  jar  of  mercury  for  the  penduluui  ball, 
and  thus  succeeded  in  retaining  the  point  of  suspen- 
sion and  the  centre  of  oscillation  at  the  same  distance 
from  each  other.  Graham  also  suggested  the  idea  of 
making  use  of  the  opposite  expansions  of  different 
metals  as  a  compensation  for  a  pendidum ;  an  idea 
which  was  realized  by  Harrison,  who  also  introduced 
it  into  the  balance  wheels  of  watches,  and  succeeded 
in  constructing  a  timekeeper  which  determined  the 
longitude  witliin  such  limits  as  to  procure  for  him,  in 
1767,  after  much  previous  trial  and  inquiry,  the  par- 
liamentary reward  of  20,000/.  Han-ison  also  invented 
the  (/oing-fiisee,  by  which  a  watch  can  be  wound  up 
without  interrupting  its  movement. 

It  would  be  quite  impossible  within  our  limits 
even  to  notice  the  variations  and  improvements  in 
clocks  and  watches  which  have  been  made  within  the 
last  50  or  100  years.  Escapements  alone  have  formed 
a  theme  for  constant  variation;  and  this  is  so 
favourite  a  subject,  that  almost  every  person  of  a 
mechanical  turn  has  either  made  or  planned  some 
novelty  in  this  way.  Indeed,  a  celebrated  clockmaker 
is  reported  to  have  said,  that  for  a  wager  he  would 
undertake  to  invent  a  new  escapement  every  morning 
before  breakfast.'  It  is,  however,  important  to  notice 
m  this  place  the  distinction  between  the  recoil  escape- 
ment and  the  dead-beat  escapement.  In  the  anchor 
escapement,  already  noticed,  the  pendulum  vibrates 
some  distance  after  the  tooth  has  performed  its  office 
of  impelling  the  pallet  forward ;  the  effect  of  which 
is  to  give  a  rccoU  or  retrograde  movement  to  the 
wheel,  which  may  be  noticed  in  the  seconds  hand 
of  any  common  house  clock.  In  sucli  a  clock  this 
effect  is  of  no  great  consequence,  and  as  this  recoil 
escapement  is  easy  to  make,  it  will  probably  continue 
in  use.  But  for  astronomical  and  otlier  good  clocks 
the  recoil  is  objectionable  as  a  source  of  error; 
Graham  therefore  contrived  the  dead-beat  escapement, 
in  which,  however  far  the  pendulum  may  swing,  no 
recoil  can  take  place.  The  duplex  and  remonloire 
escapements  will  be  noticed  hereafter. 

Wooden  clocks  have  been  in  use  for  about  200 
years.  They  were  first  produced  in  Holland,  and 
licuce  eaUed  Duich  clocks ;  but  the  manufacture  has 
for  a  loug  time  been  mostly  confined  to  the  Duchy  of 
Baden.  Ornamental  drawing-room  clocks  are  still 
largely  manufactured  in  France. 

Dismissing  historical  details,  we  will  now  eudeavour 
to  lay  before  the  non-professional  reader  a  brief 
statement  of  the  principles  of  horology. 

It  is  a  principle  of  mechanics  that  in  every  uniform 
motion,  the  spaces  described  are  proportional  to  the 
times  occupied  iu  describing  them.  Such  a  motion 
is  well  adapted  to  the  measurement  of  time,  since  it 
refers  this  measurement  to  that  of  the  spaces  de- 


scribed by  the  moving  body.  Hence  in  the  construc- 
tion of  time-measurers  the  first  thing  required  is  the 
means  of  producing  a  uniform  motion.  But,  in  order 
that  a  machine  may  always  move  with  the  same 
velocity,  the  force  which  moves  it  must  always  be  in 
equilibrium  with  the  resistance  which  it  has  to  over- 
come. If  the  resistance  continue  constant,  the 
power  will  constantly  act  with  the  same  intensity  : 
if  the  resistance  vary,  the  power  must  vai-y  at  the 
same  rate,  in  order  that  equilibrium  may  not  be  dis- 
turbed. In  the  motion  of  a  machine  tlie  number  of 
resistances  of  various  kinds  is  so  great,  and  liable  to 
such  constant  variation  from  cliaugcs  iu  temperature, 
in  moisture  &c.,  that  it  does  ajipoar  at  first  view 
extremely  dilfieult  so  to  arrange  the  power  that  it 
may  be  constantly  in  equilibrium  with  the  resistances. 
In  clock  and  watch  work,  these  dilficidties  are  rather 
eluded  than  overcome,  as  we  shall  now  endeavour  to 
explah 


The  power  employed  to  impart  motion  to  instru- 

'  •      .  •         ij^y  ijg  either  a  weight  or 

c,  is  called  the  maintain- 


^m 


ments  for  measuring  time, 
a  sjirinff.  This,  in  either  c 
inff  power. 

In  order  that  a  weight 
may  act  as  a  maintaining 
power,  it  is  suspended 
from  the  extremity  of  a 
cord  which  is  coiled  round 
a  short  cylmder  movinc; 
on  a  horizontal  axis,  the 
other  extremity  of  the 
cord  being  attached  to  the 
cylinder.  See  Fig.  1157. 
As  the  weight  tends  con- 
stautly  to  descend,  it  com- 
municates a  rotatory  mo- 
tion to  the  cylmder, 
which  motion  can  be 
transmitted  to  the  me- 
chanism of  the  clock  by  /.y.  no; 
means  of  a  toothed  wheel  attached  to  the  cylindf 

Tlie  springs  em-  

ployed  as   moving  ' ' 

powers    iu     time- 
pieces,    are    long 
tliin    ribbons      of 
steel,  coiled  up  in- 
to a  spiral  form  as  ;■    11,-3 
iu  Fig.  115S.    The  '''     '  ' 
outer  extremity  of  this  spring  (called  the 
is  attached  to  a  fixed  pomt,  wliile  the  inn 
is  fastened  to    an 


.thittheiutci:  : 

spring,  whereby  the 
spiral     coils     are 
brought  closer  togcthi 
form  of  Fig.  1159. 


ai/i-sprinff) 
:•  extremity 


Etautlj  to  uncoil  or  to  assume  its  original  form,  it 
will  in  doing  so  cause  the  axis  to  rotate,  and  this 
rotatory  motion  is  communicated  to  the  mechanism 
of  the  clock  or  watch  by  means  of  toothed  wheels 
and  pinions.  It  is  evident  tliat  this  arraugemcut 
may  be  so  far  altered  that  tlic  inner  extremity  of  the 
spring  may  be  fixed,  while  liie  outer  extremity,  being 
attaclicd  to  apiece  of  mechanism  capable  of  rcvohiiig 
round  the  axis  of  the  spruig,  it  would  equal!/  com- 
municate a  rotatory  motion  to  this  piece. 

If  we  compare  tiie  action  of  the  spring  with  that  of 
the  weight,  au  important  difference  will  bo  discovered. 
The  weight  acts  always  with  the  same  intensity, 
while  the  force  of  the  spring  goes  on  constantly 
diminishing  from  the  moment  when  it  begins  to 
uncoil  until  it  has  reassumcd  its  primitive  form.  Pig. 
1158.  Tlie  uniformity  of  action  in  the  moving  power, 
so  necessary  to  tlie  proper  going  of  a  time-keeper,  is  , 
secured  by  employing  a  descending  weight  as  in  a  , 
clock,  but  wlierc  there  is  no  space  for  a  weight,  or 
where  portability  is  required,  and  a  spring  niu.st  be  ' 
used  as  tlie  moving  power,  its  action  is  made  uniform 
by  au  ingenious  contrivance  called  the  fiisce.  Th. 
spring  is  enclosed  within  a  short  cylinder  a,  Eii; 
IIGO,  named  the  barrel,  to  the  surface  of  which  i^ 
fixed  the  extremity  of  an  articulated  chain  b,  -Hhich,  i 


barrel.isallMl,    '  1 

ly        l'      1   1  11,     1        M 

part  of  a  cMiii 

1                           1 

is  furnislied  \     i 

1,1              1 

coils  of  thr  .              \ 

stretched,  tl. 

Iho    ^1>.(.\CS    of    III, 

fubce,  with  ih 

lir  small  piece  which 

proceeds  li.i  11    i     i 

iition  of  the  fusee  to 

the  barrel,     'il.t    tun 

tprn.g  ni  uncoiling. 

causes  the  chain  to  u 

moll  fiu 

n  the  fusee  and  to  roll 

upon  the  surface  of  the  barrel,  and  this  action  coi 

)inues  until  the  chain  is  conipletLly  di  tar  hod  fioi 

the  fusee,  except  that  small  jmhIi         I     1       k     ' 

from  the  larger  base  of  the  fns(  c  i  i 

it  is  evident  that  during  this  ii,( 

the  chain,  depending  as  it  doeb  u\u  n  i   ,   I   i 

spring,  goes  on  constantly  diminishing;   Imi 

tension  acts  upon  the  fusee  at  the  extn  mn 

lever  which  gradually  increases  in  length,  ili 

of  the  fusPH  In*  l>i ,  n  «o  ,l..fi  miined  thai  llicu  „!,„ 
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It  will  therefore  be  understood  that  the  fusee  is  a 
variable  lever,  upon  vihicli  the  main-spring  acts 
through  the  medium  of  the  chain.  "  A  common 
observer  would  say  of  the  fusee  that  it  was  a  sort  of 
cone,  upon  which  the  chain  was  wound  from  the 
barrel,  by  the  operation  of  winding  up  the  machine ; 
but  it  is  in  reality  a  mathematical  curve,  \ihieh  has 
this  peculiar  property,— that  as  the  chain  winds  upon 
it,  the  distance  from  the  centre  of  motion  of  the  fusee 
to  the  semi-diameter  of  the  chain  which  is  in  contact 
with  it,  continually  varies  ;  and  also  that  it  varies  in 
this  proportion,  viz.  that  the  distance  of  the  centre 
of  motion  of  the  fusee  to  the  semi-diameter  of  the 
chain,  at  that  point  where  it  leaves  the  fusee  for  the 
barrel,  multijilied  by  the  force  of  the  main-spring 
acting  on  the  chain  at  that  time,  shall  be  Mhat 
mathematicians  term  'a  constant  quantity:'  that 
is,  shall  be  the  same  whatever  point  of  the  fusee  may 
betaken.  Thus:  suppose  the  chain  which  receives 
its  power  to  turn  the  fusee  from  the  main-spring 
pulU  \\\\\\  a  ioice  of  9  oz.,  and  that  the  distance  from 
II  .  I'  I  1  ■'  Mil  of  the  fusee  to  the  semi-diameter 
I  1 1  part  where  it  leaves  the  fusee  is 
'  I  I   all  inch,  or  expressed  decimally, 

il.  111  11  'J  ,■•  iJ  =  3-7,'^.  Now  let  the  spring  he 
viuund  up  to  diifcient  points,  at  which  its  force  will 
be  respectively  13  oz.,  1 S  oz.  20  oz.,  30  oz.,  and  40  oz., 
the  cnn-cspnnding  distaneis  at  which  the  chain  must 


f  the 


to  turn  any  machinery  is  uniformly 
:is  the  great  or  main  wheel  which 
ition  to  aU  the  rest  in  the  watch  or 
ttached  to  the  fusee,  their  centres  of 
;  with  each  other,  it  follows  that  the 
fh  of  the  main  wheel  is  perfectly 

u   ].ower,  whtther  it  be  that  of  a 
spring,    is   transmitted 


of  a 


beanexart 
of  the  eh. I  i 
force  applii  i 
lengtk 


r  effect  as  a  constant 
a  lever  of  a  constant 


It  first  turns 

a  cditi.il   a\is   nr  aibor  to  which  a   spur-wheel  is 

attached:   the  teeth  of  this  wheel  engage  with,  or 

look  into,  the  spaces  between  the  teeth  of  a  smaller 

wheel  or  pinion,  which  is   fixed  to  a  second  axis 

parallel  to  the  first :   this  second  axis  also  carries  a 

toothed  wlieel,  which  engages  with  a  pinion  fixed  to 

a  Ihiid  axis,  and  so  on.     Now  if  the  main-wheel,  or 

il    '     II  lehcd  to  the  first  axis,  have  six  times  more 

I  ill  the  pinion  which  engages  with  it,  the 

IMS  will  evidently  turn  round  six  times  quicker 

I     liist;  if  the  wheel  of  the  second  axis  have 

^  more  teeth  than  its  corresponding  pinion, 

111  arbor  will  turn  round  four  times  quicker 

I        I  111   second,  and  consequently  twenty  four  times 

,l,a.  Lli  than  the  first.     Thus  it  will  be  seen  tliat  the 

lotatury  motion  of  the  first  axis  is  transformed  into 

the  rotatory  motions  of  the  second,  of  the  third,  of 

the  fourth,  &c.,  constantly  increasing  in  velocity  ;  and 

j  the  relation  between  the  velocities  of  two  consecutive 
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ai-bors  will  be  that  of  the  uunibers  of  tcctli 
wheel  or  pinion  which  transmits  the  motion  from 
one  to  the  other. 

Having  thus  given  a  general  idea  of  the 
raent  of  the  train  of  wheels  and  pinions  in  a  clock 
or  watch,  and  of  the  power  which  sets  them  in 
motion,  we  have  next  to  show. how  this  movement  is 
regulated  so  as  to  cause  the  hour,  minute,  and 
seconds  hands,  to  move  uniformly  over  the  siu-face 

It  has  been  stated  that  in  order  to  render  the 
motion  uniform,  a  permanent  equilibrium  must  be 
established  between  the  power  and  the  sum  of  the 
resistances.  Eor  this  purpose  there  may  be  attached 
to  the  last  arbor  of  the  train,  or  that  which  has  the 
greatest  velocity,  certain  pallets,  which  strike  the  air 
dormg  their  motion.  They  are  of  the  form  shown  at 
//',  rig.  1161,  and  consist  of  a  thin  plate  of  metal,  on 
two  opposite  sides  of 
the  axis  with  which 
they  revolve.  The 
resistance  which  the 
air  opposes  to  their 


ion  to  the  squi 
of  theii-  velocity,  the 
consequence  of  which 
is  that  when  the  mo- 
tion begins  to  be  pro- 
duced, the  resistance 
^'s-  nci.  e.fperienccd   by  this 

fy,  as  it  is  called,  is  very  small  :  the  moving  power 
is  too  great  to  allow  of  equilibrium  being  at  once 
establislicd,  and  the  velocity  of  the  whole  train  goes 
on  increasing.  But  this  increased  veloeiiy  increases 
the  resistance  to  the  motion  of  the  jia'.':.  ,  1  ;', 
mechanism  soon  attains   such  a  veloiii  .  i  : 

power  is  in  equilibrium  with  the  re-'  ,  ' 

motion  then  continues  unifonn,  and  remaiii-  ^  :  ~  !  _: 
as  the  power  preserves  the  same  intensity. 

There  are,  however,  objections  to  this  method  of 
regulating  the  movement.  The  air  which  acts  upon 
the  fly  is  subject  to  considerable  variations  in  den- 
.sity;  moreover,  the  least  change  in  the  magnitude  of 
the  moving  power,  and  in  the  friction  of  the  different 
parts,  disturbs  the  equilibrium,  and,  consequently, 
the  rate  of  the  whole  mechanism.  Hence  the  fly  is 
not  used  where  the  precision  of  a  clock  is  required. 
It  is,  however,  used  in  the  striking  part  of  clocks,  in 
musical  snuff-boxes,  in  smoke-jacks,  in  Carcel  lamps, 
itc.,  but  in  such  cases  the  moving  power  is  a  spring 
which  acts  directly  upon  the  train  of  wheels,  so  that 
although  regular  at  any  given  moment,  the  rate  goes 
on  gradually  diminishing  until  the  spruig  has  become 
quite  relaxed,  and  all  motion  ceases. 

As  the  means  just  indicated  do  not  produce  a 
motion  sufficiently  uniform  for  measuring  lime,  a  con- 
trivance has  been  invented  for  producing  not  a  con- 
tinuous, but  a  periodically  xiniform  motion.  A  piece 
of  mechanism  is  made  to  oscillate  in  a  regular 
manner,  so  that  at  each  oscillation  the  whole  ti-ain 
of  wheels  shall  for  a  moment  be  stopped,  thus  pro- 


ducing an  intermittent  motion,  and  the  hands  which 
serve  to  indicate  the  time  upon  a  dial-plate,  instead 
of  tui'aing  with  one  continuous  motion,  advance  by  a 
series  of  jerks;  but  each  jerk  passes  over  so  minute 
a  portion  of  space  that  the  eye  cannot  distinguish  it 
in  the  hour  and  minute  hands,  from  an  extremely 
slow  continuous  motion ;  in  the  seconds  hand, 
however,  this  jerking  motion  is  evident. 

The  piece  which  oscillates  in  the  manner  referred 
to,  is  called  the  regulator;  the  apparatus  whicli 
connects  the  train  of  wheels  with  the  regulator,  and 
serves  to  arrest  at  each  instant  the  motion  of  the 
wheel,  is  called  the  escapement. 

The  regulator  employed  in  clocks  and  watches, 
consists  of  a  metallic  wheel,  tolerably  heavy  at  its 
cii-cumference,  moving  upon  an  axis,  to  which  it  is 
attached  at  the  centre.  This  wheel  is  called  the 
balance;  its  oscillations  upon  its  axis  are  of  com-se 
produced  by  the  maintaining  power,  the  main-spring 
or  the  weight,  transmitted  through  the  train  of 
wheels  and  the  escapement.  This  will  be  evident 
from  Fig.  1162,  which  exhibits  at  one  view  the  several 
acting  parts  of  a  small  portable  time-piece,  showing 
the  connexion  of  the  different  parts.  For  the  sake 
of  clearness  a  few  things  have  been  omitted  which 
wUl  be  explained  separately,  and  the  arbors  or  axes 
of  the  different  wheels  and  pinions  have  been 
lengthened  so  as  to  remove  the  parts  to  a  much 
greater  distance  from  each  other  than  is  adopted  in 

A  is  the  main-spring,  the  outer  end  of  which  is 
fixed  to  the  base  nf  ;!ir  r;  rii'l  t  pillar;  the  uncoiling 
of  this  spring  tii-  •:  "U  to  the  axis  t, 

'    which  it  is  alt   ■       '■'        v  ■  ~  •:  extremity.     This 

is  is  furnished  ".  -  :  a  •  '  !  -  -  'eel  B,  which  acts 
a;    u  the  spur-wheel  c,  by  means  of  the  click  o.    The 

r  il  c  gives  motion  to  a  pinion  n,  and  consequently 
'  tl;e  wheel  E,  which  in  its  turn  moves  the  pinion  f 
aa.l  the  wheel  G;  the  wheel  G  imparts  motion  to  the 
pinion  H,  and  the  axis  of  this  pinion  causes  the 
scape-wheel  m  to  revolve  by  means  of  the  crown- 
wheel K  and  the  pinion  L.    The  axis  of  the  crown- 


)  Fig.   1102  is  copied  from  Berthoud's   line    old  Trea 
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I  have  teen  unproductive.    The  inventive  inge- 
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the  minute  hand  and  it  is  at  the  extremity  of  this 
hoUow  cyhi  de  tl  t  th  1  om  h  u  1  is  C\cd  In  tl  a 
w  y  the  two  1  auds  m  y  1  a  e  a  c  icnla  mot  o  round 
the  same  centre  and  yet  be  mov  d  at    e  y  Me  e  t 

ates  11  e  I  n  on  p  h  s  8  te  th  an  I  the  ■nhee  q 
24    tlen  nutelanl  therefo  e       k        tu  Id 

tl     wleelQ     aleslutl      ()  11 

1      0    R  h  s  S  teeth  an  I  tl  I  1 

1     1  Q  mal  cs  4  t    us  vh  1    1 1  It 

]     tl  e  wl  eel  s   the  efo  e        I        I  ll 

ute  1  ud  makes  1  a  1  co  ^  tij  11  1  ullo  v 
cyhude  wh  ch  se  ves  a  an  a\  s  to  the  heel  s 
g    es  to  tl  e  hou   1  '    1  o]  c       t    of  n  ot  on 

Ihe  wheel    a   1  pu  ons    p  o  i    s       tl    the  hou 
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extremity  T  of  the  axis,  to  which  the  interior  end  of 
the  spring  is  attached,  and  this  axis  is  turned  in  a 
diiection  contrary  to  that  in  which  the  spring  acts 
upon  the  train.  If  the  wheel  c  were  fixed  to  this 
axis,  it  wonld  turn  with  it  during  the  winding  up, 
and  thus  impart  to  the  whole  train  and  to  the  hands 
a  retrograde  motion.  To  prevent  this  inconveuience, 
the  axis  of  the  main-spring  is  made  to  act  upon  the 
wheel  c  only  through  the  medium  of  the  ratchet- 
wheel  B  aud  a  click  o,  which  is  kept  in  its  place  by 
tlie  pressure  of  a  small  spring  o' .  By  this  arrangement 
the  wheel  c  is  moved  by  the  axis  only  when  the  latter 
yields  to  the  impulse  of  tlie  main-spring ;  and  when 
this  axis  is  turned  in  a  contrary  du-ection,  as  in 
winding  up  the  watch,  it  carries  with  it  only  the 
ratchet-wheel  b,  the  teeth  of  which  passing  in  succes- 
sion under  the  click  o,  produces  the  sound  so  well 
known  to  every  one  who  has  a  watch.  Hence, 
during  the  winding  up,  the  train  of  wheels  and  the 
hands  remain  stationary. 

If  the  above  description  of  the  mechanism  of  an 
ordinary  watch  is  wcU  understood  by  the  reader,  he 
will  have  but  little  difficulty  in  foUowiug  out  those 
variations  which  distinguish  a  clock  from  a  watch. 
The  importance  of  a  pendnhim  in  ro-nlutiii-  the 
movement  of  a  clock  has  Irm  :  !i.  i^!  !■  '.  nnl  to. 
The  escapement  commonly  ci.  .iting 

an  impulse  from  the  train  tu  i;,i  |  i  m  uu.i,  i  r.  ^llu^vn 
in  Fig.  1163.  It  is  called  tiie  uneiio,-  escapement,  aud 
consists  of  a  piece  of  metal  shajied  something  like  an 
anchor,  suspended  froui  a  horizontal  axis,  on  which  it 
can  freely  turn.  Pig.  1163  shows  the  common  form 
of  anchor  pallets,  m  which  a  tooth  a  is  represented  as 
having  just  escaped  from  the  pallet  A,  and  a  tooth  b 
on  the  opposite  side  of  the  wheel  lias  dropped  on  to 
the  pallet  b.  The  pendulum  will  not,  however,  stop 
here,  but  will  advance  a  little  further  to  the  left ;  and 
thus  the  slope  of  the  pallet  b  will  drive  the  tooth  b  a 
little  way  back,  and  produce  the  recoil.  Ko  parti- 
eidar  form  is  required  for  such  pallets.  "  Their 
acting  faces  ai'e   generally  made  flat,  but  they  are 


.-a. 


-V 


is  there  is  then  less  recoil  and  less 
wearing  of  the  pallets  by  the  pouits  of  the  teeth. 
Strange  as  it  seems  that  brass  teeth  should  wear  holes 


in  steel  made  as  hard  as  it  can  be  tempered,  it  will 
always  be  found  that  the  teeth  have  worn  holes  m 
these  pallets  after  a  few  years,  and  the  hole  will  be 
deepest  towards  the  end  of  the  place  which  the  toolli 
reaches.  It  is  evident  that  the  tendency  to  make 
this  hole  will  be  less  if  the  pallet  is  convex,  than  if  it 
be  flat."  The  recoil  escapement  is  converted  into  a 
dead  escapement,'  Pigs.  1163,  1164,  "  by  making 
the  slope  of  each  pallet  stop  at  the  points  a  and 
u  where  the  teeth  fall,  and  making  the  rest  of  the 
pallets  A  ip  and  b  e  portions  of  a  circle  whose  centre 
is  c,  the  axis  of  the  pallets.  For,  in  that  ease, 
however  far  the  pendulum  may  swing,  no  recoil 
can  take  place.  The  reason  why  this  escapement 
is  so  much  better  than  the  recoil  escapement  is, 
that  a  variation  in  the  force  of  the  clock  train  pro- 
duces hardly  any  efi'ect  upon  the  time  of  oscillation 
of  the  pendulum,  though  it  produces  a  considerable 
effect  upon  the  extent  of  its  oscillation."  Although 
we  caimot  determine  the  proportion  which  the  in- 
crease of  the  arc  bears  to  that  of  the  force,  since 
it  depends  upon  the  varyuig  friction  of  the  different 
parts  of  the  clock,  yet  they  have  a  tendency  always 
to  correct  each  other  ;  and  when  even  the  state  of  the 
clock  is  such  that  tlic  are  increases  just  one-third  as 
much  as  the  clock-weight  is  increased,  these  two 
parts  of  the  error  will  exactly  counteract  each  other ; 
but  it  generally  happens  that  as  the  clock  gets  dirty 
the  force  and  the  arc  decrease  in  such  a  proportion 
th.-it  the  loss  of  time  preponderates.  But  there  is 
one  case  in  which  the  opposite  efl'ect  takes  place,  to 
the  surprise  of  those  who  know  the  common  result  of 
a  decrease  of  arc.  Church  clocks  will  often  be  found 
in  a  few  montlis  after  they  are  put  up  to  increase 
their  arc  of  vibration  considerably,  and  at  the  same 
time  to  gain.  Mr.  Denison  discovered  this  increase 
of  arc  to  arise  chiefly  from  the  decrease  of  friction  on 
the  dead  part  of  the  pallets,  owing  to  the  teeth  and 
pallets  polishing  themselves  more  perfectly  than  had 
been  done  by  the  maker. 

When  a  clock  gains  it  is  said  to  have  a  +  daily 
rate  of  so  many  seconds,  and  when  it  loses,  a  —  rate ; 
but  these  signs  are  the  reverse  of  those  which  indi- 

'  r  the  decrease  or  increase  of  the  time  of  an  oseilla- 
Thc  goodness  of  a  clock  is  indicated,  not  by 
r.ile,  but  by  the  variation  in  its  rate. 

The  efl'ect  of  the  self-polishing  of  the  pallets  is  only 
temporary ;  and  the  general  effect  of  a  decrease  of 
force  and  space  in  a  dead  escapement  is  that  the 
clock  gains  a  little,  whereas  a  common  recoil  escape- 
ment loses  considerably  as  the  arc  decreases;  and 
tills  has  led  to  the  rahjption  of  a  small  recoil  in  the 
place  of  the  dead  part  of  tlie  pallets.  This  recoil  is 
given  by  strikiiiL,'  tin-  circlr  if  the  dead  part  of  the 
pallets,  not  fnn..  ii:'  :i\i-  '  I  r,  |allcts,  but  from  a 
point  a  little  b.l       '  <    :,    line  of  centres  of 

the  pallets  au.l  i  .  '■'•liich  produces  a 

circle  of  a  higlin  I  '  i  .  n  ,  i  uie,  and,  therefore, 
raises  the  tectli  :.  ,  :        li,,vc  dropped  on  to 


t.hc  pallets;  and  the  further  the  pendulum  swings, 
the  greater  is  the  degree  of  reeoil.  This  is  coramouly 
called  the  half-dead  escapement. 

Another  form  of  dead  escapemeut,  much  used  iu 
the  construction  of  turret-clocks,  is  called  the  phi- 
wheel  escapement ;  it  consists  of  pins  set  on  the  face 
of  the  scape-wheel,  instead  of  teeth  on  its  edge;  the 
two  pallets,  instead  of  enibraciug  about  one-third  of 
the  circumference  of  the  wheel,  are  put  so  near  toge- 
ther as  to  leave  room  for  only  one  pin  to  pass  between 
them  ;  and  the  end  of  one  slope  is  siluatcd  just  over 
the  beginning  of  the  other.  'J'he  pins  are  half- 
cylinders  :  as  the  upper  part  of  the  cylinder  could  not 
act,  the  cutting  it  away  allows  the  pallets  to  slip 
tiu-ough  close  aljove  flic  teeth,  so  as  to  waste  as  little 
drop  as  possible. 

An  cicapeineut  invculcd  liy  Professor  Airy  and 
named  the  //■;■(  ■  ,  '  ,-  ■■.i^i-ment,  is  intended  to 
prevent  tin   :  ii     ■•  >.f  the  train  affecting 

the  impulM'   ■  .':    n!  i  n.     For   this  purpose 

there  are  tun  m-ii  iw  (m  rl  ;mii1  hvo  pairs  of  pallets, 
one  for  the  stop  and  tl;c  o(l)..r  for  the  impulse  :  the 
stop-wheel  is  the  one  connected  with  the  train,  and 
the  impulse-wheel  rides  on  the  same  arbor,  and  is 
connected  with  the  other  by  a  spiral  spring.  The 
stop-wlieel  is  let  go  by  its  pallets,  wliieh  have  no 
sloped  faces,  just  before  a  tooth  of  the  impulse-whetl 
would  arrive  at  IJic  slope  of  its  pallets,  and  so  flic 
tooth  is  ciinir,!  i'.,ai;  i';>  j!'>|m' and  the  impulse  given 
by  theforfv  .;  ^  .     ;.,  ,  ^        y. 

Escapcnii  ;.'  I,  ; II  which  the  impulse  is 

given  to  tlio  1"  :;  :m'  -  ,  i  \  :i  in  ill  Separate  weiglit  or 
spring,  independently  of  the  force  of  the  train,  are 
called  remontoir  escapements,  because  the  clock  train 
winds  or  lifts  up  the  maintaining  force  at  every 
beat,  or  at  some  given  number  of  beats  of  the  pen- 
dulum. Or  to  explain  the  matter  a  little  more  fully  : 
In  this  form  of  esuapement  the  impulses  given  to 
the  pendulum  are  not  imparted  by  the  large  going- 
train  of  the  clock,  wdnch  is  exposed  to  variations  of 
force  and  resistance  from  varying  friction,  from 
changes  in  the  viscidity  of  flie  lubricating  oil,  from 
tlic  efrect  of  wind  npoi'i  the  lar-c  liaiuls  of  the  exter- 
iiiil   ili.iU    a; III.  ;i   ill   lii  ■    I;       I    L-M  !.!'  -V  elook  are 


til.' 


-.  guiui 


rvals  of  20  seconds,  by 


wound  up  at  very  short  intervals  by  the  going-train, 
which  receives  its  impulse  from  the  prime  mover. 
Now,  as  the  velocity  of  the  machine  is  determined  by 
the  escapement,  so  by  detaching  this  fron:  the  pow^r, 
whether  a  weight  or  a  spring,  wldeh  is  always  subject 
to  some  irregularity,  a  more  accurate  performance  is 
ensured.     [See  Watcu,  Cyc.  and  ArrENDix.] 

rig.  11G5  shows  the  method  of  connecting  the 
anchor  with  the  pendulnm.  The  horizontal  axis  d 
to  which  it  is  fixed  has  attached  to  it  a  stem  f, 
which  terminates  at  its  lower  extremity  in  a  hori- 
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zontal  fork  or  crutch  G.  The  rod  of  the  pendulum 
passes  between  the  limbs  of  this  fork,  closely  but 

not  so  tightly  as  to  prevent  the  rod  sliding  

within  it  when  required,  so  that  the  pen- 
dulum cannot  vibrato  without  the  anchor 
vibrating  also.  The  crutch  c  and  the 
fork  /  are  also  shown  in  Fig.  1103. 

In  the  recoil  escapement,  the  weight 
is  constantly  acting  on  the  regulator  so 
as  to  modify  its  rate  of  going.  In  the 
dead  beat,  the  influence  of  the  weight  is 
abnobt  entirely  removed,  for  it  is  exerted 
only  in  the  friction  of  the  teeth  of  the 
scape-wheel  in  the  pallets,  (which  can  he 
reduced  to  a  very  small  quantity,)  and 
in  the  impulses  which  the  pallets  receive 
from  tlic  IcetJi  at  the  moment  when  they 
escape.  If  in  addition  to  lliis  wo  con- 
sider the  isoclironism  of  the  pendulum, 
when  vibrating  in  small  arcs,  some  idea 
may  be  foinnd  nf  the  j^TCat  accuracy  to  * 
wliieh  elorl,    ,:,i,  i  •■  In -i^jiii  as  measurers  of  lime.' 

The  iln>.  ■     :,  ■     I  .       , ;!  r:ilion  of  the  pendulum, 
upon  mIk  I:  I   '     '  I    I  deck's  going  depends,  is 

i!''!i'r"iiin  .1  i  ,  ,  ii  InLiini  l.ctwceu  the  minute  hand 
:i    '   :'•.'  'Ih,1.     Tlie  times  of  oscillation  of 

i;  I.  ,  I  i,  :  inns  arc  as  the  square  roots  of  the 
i  :  _in,  n]   iiir  )  ninlulums.     For  example,  if  we  take 

1,  4,  0;  then  the  times  of  vibration  will  bo  respec- 
tively as  1,  2,  3.  That  is,  the  pendulum  whose 
lengih  is  1,  makes  2  vilirations  to  every  I  of  that 
whose  length  is  4,  and  3  vibrations  to  every  1  of  that 
whose  lengih  is  9.  For  practical  purposes  this 
important  law  is  expressed  thus  : — the  times  of  vibra- 
tion of  different  pendulums  are  in  the  same  proportion 
as  the  square  roots  of  the  distances  of  their  centres 
of  osedlatiou  from  their  axes  of  suspension.  Now  in 
order  to  regulate  a  clock  so  as  to  prevent  it  from 
going  too  fast  or  too  slow,  the  bob  of  the  pendulum 
admits  of  being  screwed  up  or  let  down,  so  as  to  vary 
the  distance  between  the  centre  of  oscillation  and  the 
axis  of  suspension,  or,  in  other  words,  to  alter  the 
efl'ective  length  of  the  peudidum  as  rcquii'cd.  When 
the  clock  g.ains,  each  vibration  of  the  pendulum  lasts 
too  short  a  time  :  it  is  lengthened  by  lettiug  down 
the  bob  through  a  small  space.  When  the  clock  loses, 
the  bob  is  raised,  the  cITect  of  which  is  to  shorten  the 
effective  length  of  the  pendulum,  and  to  cause  it  to 
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tlic  band  B,  wliich  it  tends  to  tm-u  round,  and  with 
it  the  -n-hecl  c.  This  wheel  c  engages  with  a  pinion 
D,  the  axis  of  which  carries  a  second  Mhccl  e.  The 
jiinion  F  engages  with  the  wheel  e,  and  upon  the 
axis  of  p  is  fixed  a  third  wheel  g,  which  in  its^  turn 
engages  with  the  pinion  h,  upon  the  axis  of  which  is 
the  fourlh  wlieel  k;  k  engages  with  h,  on  the  axis  of 
which  is  the  scape-wheel  m.  The  anchor  n  n,  moving 
on  an  axis  o,  encloses  the  upper  part  of  the  scape- 
wheel  H.  The  axis  o,  Fig.  1167,  carries  a  rod  s, 
whose  fork  t  embraces  the  pendulum  rod  u  u,  of 
which  V  is  the  bob.  The  pendulum  is  suspended  by 
two  pieces  of  steel  spring  xx,  which  bend  in  one  or 
other  direction,  accordmg  to  the  vibration  of  the 
pendulum.  "  It  is  of  great  importance,"  says  Mr. 
Dcuison,  "  that  the  real  point  of  suspension  of  the 
pendulum,  that  is,  the  top  of  the  spring  where  it 
begins  to  bend,  should  be  kept  firmly  in  the  same 
pkce ;  for  if  it  moves  it  wlU  increase  the  time  of 
vibration,  smee  this  is  evidently  the  same  thing  as  if 
the  fixed  or  real  point  of  suspension  was  a  liltle 
higher  up,  or  the  penchilum  so  much  longer.  Tor 
this  reason,  in  the  best  clocks,  the  cock  which  carries 
the  pendulum  is  a  strong  piece  of  brass,  or  in  large 
docks  a  cast-iron  frame,  fixed  fii-mly  to  the  wall  at 
the  back  of  the  clock.  In  order  that  the  pendulum 
may  hang  so  that  the  spring  will  have  no  tendency  to 
twist  it  as  it  swmgs,  the  top  of  the  sprmg  is  pinched 
or  clipped  between  two  thick  pieces  of  brass  or  iron 
called  chops,  and  firmly  screwed  there;  and  tliese 
chops  have  square  ends  exactly  at  right  angles  to  a 
line  down  the  middle  of  the  spring.  A  little  way 
below  the  top  of  the  cbops  and  exactly  in  the  middle, 
a  strong  steel  piu  is  put  through  them  and  the  spring 
between  thcni,  at  right  angles  to  the  plane  of  the 
spring,  and  this  pin  has  shoulders  so  that  its  tliin 
ends  beyond  the  shoulders  will  just  drop  into  two  nick: 


or  Vs,  in  the  sides  of  the  cock, 
the  shoulders  resting  against  the  sides. 
It  is  evident  tbat  the  effect  of  this  will 
be,  tbat  tlie  weight  of  the  pendulum  will 
cause  the  square  ends  of  the  chops,  and 
therefore  the  top  of  the  spring,  to  be 
horizontal;  and  so,  if  the  pendulum  is 
made  symmetrically,  as  of  coui-se  it  ought  to  be,  it 
will  vibrate  in  a  vertical  plane  at  right  angles  to  the 
line  which  is  the  top  of  the  spring,  without  any 
tendency  to  twist.  The  two  V's  should  be  made 
as  nearly  level  as  possible,  and  the  clock-frame  must 
be  so  placed  that  the  pallet  arbor  is  exactly  at  right 
angles  to  the  plane  of  motion  of  the  pendidum.  If  it 
is  not,  tbe  pendulum  will  slide  backwards  and  for- 
wards in  the  fork  by  which  it  is  connected  with  the 
pallets.  Li  common  clocks,  both  house  and  turret 
clocks,  tlie  cock  is  fixed  to  the  clock  frame,  and  has 
merely  a  slit  in  it  into  which  the  spring  fits,  ha^ong 
a  piece  of  brass  riveted  on  to  the  top  to  keep  it  from 
dropping  through  the  slit." 

The  length  of  a  pendulum  beating  seconds  is 
301o93  inches.'  Now^  supposing  our  clock  to  be 
furnished  with  such  a  pendulum  the  seconds  hand 
would  evidently  be  fixed  on  the  axis  a,  of  the  scape- 
wheel,  Fis.  1167.  The  scape-wheel  has  30  teeth,  and 
as  two  vibrations  of  the  pendulmn  are  requii-ed  m 
order  that  one  tootli  may  occupy  the  place  of  its 
predecessor,  it  follows  that  the  seconds  hand  will  make 
a  complete  revolution  in  GO  seconds,  or  one  mmute. 
The  pinion  h,  fixed  to  the  axis  b  of  the  wheel  k,  is 
prolonged  to  the  left  of  the  figure,  where  it  engages 


rith  a  wheel  c,  fixed  to  a  hollow  c^lindci  \\lnoh 
sui  rounds  the  a\is  of  the  seconds  hand,  and  carucs 
the  minutes  hand  By  the  side  of  the  \\  heel  c,  iiid 
m  the  same  hollow  axis,  is  a  "second  ^\hecl  d,  \^lii(li 
engages  w itli  awheel  e  the  axib  of  t  cauics  a  pun  u 
f,  ^^hIch  engages  ■nith  the  ■nhctl  r/ ,  this  wheel  g  i 
iixcd  to  a  "second  hollow  axjs  \\hich  suiioimds  the 
picccding  ind  caiucs  the  honi  hind 

"\\  lici  tlie  weight  A  Ins  un\\ound  the  coid  fiom 
the  bii,(l  B,  the  lotntion  of  the  hnirl  of  coni-,e 
ceases  until  the  m  tight  his  b  l\ 

\undmg  the  eoid  n^un  on  tliL  1 
b)  tuining  the  buiel  in  the  c  )i 
usual  motion  by  means  ot   1  1  1 1 

squnip  aiboi  /.  ills  To  pie-*out  tlu  m1i  k  ti  lu  ot 
■\\ heels  and  pmions  putaknig  ot  this  uliogiade 
motion,  a  iitehet  \^htel  simili  u  to  tint  noticed  in 
1  ig  11C2,  IS  employed  here  aKo  T I  s  1  f  1  1  1  1 
],rig  116G,  IS  fixed  to  Ihc  a\  -  I 

consc(iuently  tii  ns  with  it  in  \ 
may  mo\  e  A  click  q,  is  kejit  1 
1  itchot  b}  mciiLs  rl  a  spiing  R  ll  (  li  I  m  1  iii 
spung  aie  alt-iched  to  the  gie-it  iaIccI  c,  so  th  I 
when  the  bauel  b  lotates  uudei  the  action  of  tli( 
\\  eight  A  the  gieat  wheel  c  must  turn  also  by  the 
j)icssuie  of  the  ritchet  wheel  and  the  click ,  but  when 
the  buicl  IS  tuincd  lu  the  coutiaiy  dueotion,  as  m 
wmdmg  up,  the  teeth  of  the  ratdiet  wlicel  piss 
1  ipidly  m  succession  uiuhi  the  click,  and  the  gieit 
wheel  c  does  not  lot  ite 

The  tdv-intiges  ot  a  pendulum  as  aiegulitoi  aie 
CMcleutly  confined  to  clocks  pcimaueutly  lixcd  m  a 
posiiion  whcie  the  pendulum  cnn  sMing  and  the 
escapement  act  undistuibed  In  ^latchcs  and  chio 
nometeis  intended  to  be  eiiued  about,  such  a  icgu 
htoi  has  been  confined  is  sh  lU  be  uumjuicd  by 
iltciition  in  position,  in  1  it  the  simc  time  piesent 
IS  fu  IS  [ov^ible  the  1d^lIlt1!;(-  ot  tin  pendulum 
Ihe  baluice  descubfd  m  Tig  IK  1  "•  itislir-,  tbe  fust 
condihon,  but  not  the  second  '^  1  i  1  '11 
dciivmg  all  its  motion  fiom  tl 
to  all  the  vauations  in  this  f  r 
otliei  changes  as  all eidy  noticed  I  il  < 
to  such  a  balance  aie  got  iid  of  by  1h  11  ti  lurtion 
of  the  tjHial  tpniiff,  (auothci  of  Hooko's  admuable 
in\  entions )  which  enibles  it  to  oscillate  ot  it«tlf 
independenth  rf  th  m  im  spinier  It  is  of  the  sinic 
foimasth"  )l        1       1  uf     111 

isattichcd  f  ll      r\ 

ttemity  is  ]  1  I  tl 
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ticity  of  its  coils  ind  the  momentum  of  the  moving 
wheel  countei balance  cich  other,  and  the  bilancc  i" 

f  1    1   luonieut  bi  ujif   to  icst     the  action  ol  the 
I  I  1  Is  plice,  file 

ll   nis  to  tit 
,  J      ^  I  111  stops   and 

s  wu^s  the  biliuLG  bick  In  this  u  ly  the  bd.mee 
IS  nnelo  to  oseilhte  fioin  one  side  to  the  cthei, 
lescmbliiig  to  1  ccitiin  extent  the  Mbi  itioiis  ot  <i 
pendulum  In  ctTeot  the  sjuial  is  to  the  balanci  wh  it 
Die  mo-iing  weight  is  to  the  pendulum  It  is  also 
impoitant  to  note  that  the  times  of  osciUifion  of  the 
bal  nice  aie  independent  of  then  amplitude,  piovided 
the  spu  d  bo  piopeily  an  ingcd 

This  Tiluable  piopeity  of  the  bilmce  docs  not, 
liovevei,  quahfy  it  to  act  as  a  leguhtoi  vitliout 
fiiithei  aid  The  escapement  must  be  foimod  m 
siicli  a  \\ay  as  to  ieino\e  the  balincc  as  imifh  as 
possible  fiom  the  action  ot  the  mam  spung,  which 
\ifuld  C1USC  thp  times  of  Mbntiou  rf  the  bilmcc  to 


he 


still  wautiug      111     I  I  1  le 

'  by  the  addition  elm  ]  1     Isj 

lequued  modilicalion  We  mil  luticc  the  piiiu  ip  d 
fomis  of  escapement,  the  ettcct  ot  whicli  Ins  been 
to  make  \Mtclies  peifoim  tlieu  woiL  with  ^eiy  gie  it 

T  he  fiist  15  the  ci/hudi ical  01  Iioi  i  oiUal  emipei iciit , 
inothei  invention  of  Giahani's  The  veigc,  instcid 
I  of  bemg  piovided  with  two  pillels  is  m  tlie  iccoil 
'  escapement,  is  ot  the  form  "^ho'i      t  '  T  '  11  ii'^, 

ind  shown  sepiiatcly  in  Ti^    I  I  i  h 

is  1  hollow  halt  cyliudei,  win  '  1  I  v 

cutting  out  the  poitionc   llir  .  |     1 1  11 

situated  above  c  has  m  mipoitml  ( llii  I  ip  iloim 
1  The  scape  wheel  is  situited  in  a  plinc  pcipeudicular 


^ulate  the  in 

vcment  is 

ainnged  as  show 

iguie,  only 

hit   the   a^ 

IS  of  the   biliiic 

bed  with  a  - 

11     1    M 

Ih     ir    lllHll^  .1 

lebalm 


Inidcimig  11  d  le  1  1  ^  i  l  tli 
to  its  fiist  position  Lilt  the  uu  meiit  the  spual  bis  1 
leissnmcd  its  position  of  eqiulibiium,  the  bilancc, 
moving  by  its  acquued  velocity,  stiU  continues  to 
hull,  ciusiug  tie  spiiil  to  nio\e  a'so  until  the  clis-  I 


to  the  axis  of  the  balance,  and  its  teeth  elevated  ibove 
its  surf  ICC  engage  with  the  hollow  c\lindei  as  shown 
m  Tig  IIGS     Tigs  1170  and  1171  fuithn  lUusti  ite 


8G1  HUtie 

the  mode  in  which  the  cjliiider  arrests  and  allows 
to  piuss  the  teeth  of  the'  wheel.  By  means  of  the 
oscillations  of  the  balance,  the  cylinder  a  rotates  first 
in  one  direction  and  then  in  the  other.  A  tooth  c 
presents  its  point  to  the  exterior  surface  of  the 
cylinder,  Fig.  1170,  but  immediately  after  this  has 


F^f'T^ 


^ 


on  the  arbor  of  the  balance :  it  has  an  opening  in  it, 
tlie  face  of  which  is  much  undercut,  and  a  piece  of 
hard  stone,  such  as  a  ruby,  is  set  in  this  opening  for 
the   points  of 


taken  place,  the  cylinder  turns  into  the  position  Ik 
1171,  and  the  tooth  c,  obeying  the  action  of  th 
motive  force,  is  now  brought  into  contact  with  th 
interior  face  of  the  cylinder;  the  cylinder  then 
assuming  its  first  position  allows  the  tooth  c  to 
escape,  and  arrests  the  progress  of  the  next  tooth  by 
presenting  its  exterior  surface  thereto,  and  so  on. 

Li  this  escapement  so  long  as  one  tooth  is  arrested 
by  one  of  the  two  faces  of  the  cyliuder,  the  tooth 
docs  not  tend  in  any  way  to  make  it  move  in  one 
direction  or  the  other,  the  cylinder  oscillating  uitdcr 
the  action  of  the  spiral  only.  Nevertheless,  the 
friction  wliich  it  undergoes  in  arresting  the  motion 
of  the  teeth,  in  addition  to  the  other  resistances 
which  oppose  the  motion  of  the  balance,  tends  to 
diminish  the  ampUtude  of  its  oscillations,  and  the 
watch  would  soon  cease  to  go,  if  the  main-spring  did 
not  from  time  to  time  restore  to  the  balance  the 
motion  which  these  resistances  tend  to  destroy.  On 
this  account  the  teeth  are  formed  in  such  a  manner 
that  at  the  moment  when  the  tooth  c.  Fig.  1170, 
having  ghded  over  the  exterior  face  of  the  cyliuder 
begins  to  escape,  its  convex  form  presses  on  the  edge 
D,  and  thus  accelerates  the  motion  of  the  balauce. 
For  a  similar  reason  the  other  edge,  E,  of  the  cyliuder 
is  bevelled  so  that  when  the  extremity  of  the  tooth 
attains  this  edge  it  ghdcs  over  the  small  oblique  face 
and  gives  an  impulse  to  the  balance. 

The  cylindrical  escapement  bears  the  same  relation 


spring  is  made  veiy  slender  m  the  part  o,  and  it 
:ly  by  the  yielding  of  this  thin  part  of  the  detent- 
spring  that  any  motion  can  be  given  to  the  detent 
for  the  purpose  of  unlocking  the  wheel,  so  that  some 
part  of  this  spring  may  be  considered  as  the  centre  of 
motion  of  the  detent;  at  o  is  a  ruby  pin,  inserted  in  the 
detent  in  such  a  way  that  the  teeth  of  the  wheel  may 
in  succession  rest  on  the  pin,  in  which  state  the 
wheel  is  said  to  be  locked  :  by  means  of  a  screw  the 
distance  of  the  ruby  pin  from  the  centre  of  the  wheel, 
and  consequently  the  strength  of  the  locking,  can  be 
adjusted :  to  the  inner  side  of  the  detent  is  attached 
a  very  delicate  sprmg,  called  the  li/ti>i//-spnnff,  which 
rests  upon,  and  extends  a  little  beyond,  the  end  of 
the  detent.  Concentric  with  tlie  main-pallet,  and  just 
above  it,  is  a  small  lifting-pallet,;).  The  mode  of 
action  is  as  follows :— In  the  position  given  in  the 
figure,  the  liftmg-pallet  is  about  to  move  round  with 
its  face  in  contact  with  (he  i  if  ting-spring,  which  in 
the  course  of  vibration  it  lifts,  and  with  it  the  detent, 
so  as  to  raise  the  pin  o  clear  of  one  of  the  teeth  of 
the  scape-wheel.  By  the  time  the  wheel  is  free  from 
the  ruby  pin,  the  main-pallet  has  advanced  so  far  as 
to  be  ready  to  receive  an  impulse  from  another  tooth, 
and  before  the  tooth  escapes  the  lifting-pallet  parts 
with  the  spring,  and  the  detent  resumes  its  place  on 
the  head  of  the  screw,  in  which  position  the  ruby  pin 
the  point  of  another  tooth. 


to  the  balance  as  the  anchor  escapement  does  to  the    tooth  has  escaped  from  the  ruby  face  of  the  r 


In  these  two  escapements 
"tooth  is  stopped,  either  by  the  cylhider  or  l>y  the 
anchor,  it  remains  completely  motionless  or  dead. 
In  each  escapement  the  regulator  is  constantly  under 
the  influence  of  the  moving  force,  which  although 
feebly  exerted  still  exists,  since  the  teeth  rub  upon 
the  piece  which 
they  a 


n-spring  upon  the  regulator,  the  chrowmeter  ,  spring,  which 
mocement  or  detached  escapement  has  been  devised.  :  of  escaping  3 
It  is   called  detached,  because  the  vibrations  per-    vibrations  for 
formed  by  the  balance  are  nearly  detached  from  the 
presstire  of  the  motive  power  during  the  greater  part 
of  its  arc  of  vibration.     This  escapement  is  shown 
in  Fig.  1172,  in  which  e  is  the  scape-wheel,  made 
either  of  brass  or  steel,  with  the  teeth  considerably 
imdercut :  p  is  the  steel  roller  or  main-pallet,  fixed 


pallet.    Th«  balance  havmg  performed  this  vibration 
by  the  impulse  given  to  the  main-pallet,  returns  by 
the  force  of  the  balance-spring,  and  with  it  the  lifting- 
pallet,  the  rounded  side  of  which,  pressing  against 
the  lifting-spring,  raises  it  from  the  detent,  and  passes 
without  disturbmg  the  detent,  which,  is  not  again 
■ests  them,  and  at  the  moment  when  i  Hftcd  tiU  the  balance  has  completed  the  present 
they  give  an  impulse  to  this    vibration,  and  returning  for  the  next  again  brings  the 
In  order  to  get  rid  of  the  eonlinual  influence     face  of  the  lifting  pallet  in  contact  with  the  iifting- 


iialance  making  2 
,  ilie  duplex,  which 
,  ::i  be  seen,  that  at 
,.pcs,  another  tooth 
an  impulse  to  the 
in  the  main  paUet, 
attached  to  the  axis  of  the  balance :  and  in  this  way 
the  moving  power  by  an  almost  instantaneous  ntotion 


is  next  to  be  (i 


of  the  same   scape-wheel  gives 
■dge  of  the  indentation  made 
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lostoies  to  the  bahueo  tlie  motiou  which  it  may  have 
losi  duiuig  two  ObOiilations  With  tlus  exception  it 
oiciU  ites  independently  of  the  mam  spinig  Anothei 
^uil   uU  mtoge  of  thib  CbCapomeiit  li  th  it  it  i pquires 

ihc  diipU  X  ^  itch  IS  so  named  fioiii  its  {  bc  ipuntnt 
wheel  hiMug  two  sets  of  teeth  on  II     ii        il 
I   Ixni^  phcod  upiight  ueaici  th  ii 

loiij,  krth  t  aie  m  the  plane  ol  th        111 

,  >huble  action      b  is  tliobilm  V  «    I   li 


01  the  ve^ge  to  go  thion^h  At  l  tucio  lie  two 
oiniU  pms  close  togethei  bttwccu  ■«  hich  the  spriii„ 
lb  passed  and  which  theie  __ 

foie  deteimine  the  pomt 
fiom  which  it  begins   lo 


to  collect  thib  souiee  of 
coiisluict    iidi  I  pen  lull 


'*  wheel       which 

^ues  motion  to  the  luby  piUcts  p  I  is  the  le\ei 
which  gues  impulse  to  the  balance  h  flub  foim  is 
stioUj,  not  bible  to  get  out  of  oider  and  is  easily 
lepaned 

In  pendulum  clocks  the  iit(  (f 
the  effective  length  of  (li     i      1 
up  the  bob  the  clock  gi      i 
it  goes  slowci      The  i     n 
adjustment   in   a     um    \ ! 
duiition  of  tl,  11 


piopuili 


!      I      J  Ij  ,  ttd   tint 

;n    lb  thi.  1  Ludulum  lud  bccumcb  lon^a 
y  ascends  m  the  jar  and  ti  i  la   i   by 
■nliicli  mf  ms  thf  c™tie  of  nsoill  itiou  is  ah;  i^s  ]  ( ]  t 


uds  upon 


hcyond  oiii  coi  tiul   t(  \ 

oscillations   of    the   pi  n  1 
ilteimg  its  foun     So  il     n      i  i         i    i  it 
tions  of  a  bdance  depends  upmi  it    liim   m  I 
the  foico  of  the  spii  d  which  sets  it  m  moti  n 
eontiaiy  to  what  happens  m  the  cabc  of  the  jk  i  I  1 
it  IS  in  modilym^  the  foioe  of  the  spital   ami  ii  i     ii 
ohannni^  the  loiin  of  the  balanc.    tint  the  dm  id  n 
13  ^^npd      Thus  by    ilttimg  the  fixed  pomt  of  the 
spud   spun       the   artiiig   pait   lb   made   longpi    oi 
shoitir      Ihiisinri^  1175  A  li  D  is  the  spiral  spun? 
01  a  p  itDU  theicof     Its  outei  end  is  pmned  into 
a  coel    s  t  on  the  fiame  at  A      The  pomtei   cbl 
tunis  on  in    innulai  oi  hollow  pivot  at  c   the  hole 
bcm^  Ictt  in  its  eeutie  foi  the  aibor  of  the  balance 


ucil     when   luLltcd     to   LovLi    the   sIllI      Alta 
giadud  eoolnin    the  supeiiluous  biass  is  fUedawa' 
iiom  each  side  of  the  flat  piece  of  stcol  so  tint  thi 
sttcl  lb  completely  cleaied of  bi  I       \         1    i  | 
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on  the  edge.  If  the  juucture  of  the  ring  of  brass  to 
the  steel  which  it  now  encircles  bo  perfect,  the  brass 
is  filed  upon  its  outer  edge  so  as  to  form  a  ring  of 
tolerably  equal  thickness  all  round,  but  double  the 
thickness  required.  It  is  next  carefully  and  equally 
condensed  with  the  hanniier  or  burnisher;  the  steel  is 
then  turned  out  of  tlie  centre,  and  the  brass  from  I  lie 
outer  edge,  leaving  a  compound  ring  perfectly  true, 
of  the  proper  thickness  for  the  balance,  the  brass 
portion  being  about  twice  the  (hiekness  of  the  sleel. 
'iVitliiu  the  steel  rim,  a  bottom  is  left,  out  of  which 
the  bar  a  b  is  cut.  When  the  balance  is  ready  for 
adjustment,  the  cuiniiMUud  vim  is   cut  (I. rough  on 

opposite   sides,    (/■/,    -■      liit     .     .  u    :  ;   .,    iii:,y    ],iVMiil 

nearly  a  semicirr'r,   -■  i  ■    >  :  i  "<   i;,.    i-, 

AB,  and  free  to  m*,     i  ,  ■      ,■     :    ,^ 

The  weiglits  w  \>\  1  ,^  W?'',  :>  ^  :  ::.:  !  .  ',•  -;  ;, 
piece  of  brass,  with  a  gioovc  L'(iual  in  depth  to  the 
thickness  of  the  balance,  and  of  sufficient  breadth  to  I 


7.  the  inertia  of  the  balance  is  not  alter 


allow  the  brass  to  move  round  on  the  balance  -n-ith  a 
slight  piessui-e.  Each  weight  is  secured  in  its  place 
by  a  small  screw  passing  tlirough  the  outer  edge,  and 
pressing  againsl,  the  rim  of  the  balance.  Two  screws, 
C  c,  called  mcaii-iime  screics,  are  used  for  altering  the 
rate  of  the  time-keeper,  and  have  nothing  to  do  with 
the  compensation. 

This  spring  acts  iu  the  following  iiKiunor ;  an  in- 
crease of  temperature  diminislies  the  elastic  force  of 
the  balance  spring,  which  would  cause  the  macliine  to 
lose ;  but  the  same  degree  of  heat  expands  the  outer 
brass  ring  on  the  rim  of  the  balance  more  than  it  does 
the  inner  or  steel  one,  and  thei-e  not  being  able  to  se- 
parate, a  cui-vature  of  the  whole  arm  takes  place,  which 
carries  the  weight  w  towards  the  centre,  whereby  the 
inertia  of  the  balance  is  so  much  lessened  as  to  allow 
the  balance-spring  to  exert  the  same  influence  over  the 
balance  as  it  had  previous  to  the  change  of  tempe- 
rature. A  diminution  of  temperature  increases  the 
elasticity  of  the  spring,  which  would  cause  the 
maehiue  to  gain,  but  the  brass  contracting  more  than 
the  steel,  curves  the  arm  outwards,  thereby  increasing 
the  inertia  of  the  balance,  and  allowing  the  spring  no 
more  influence  over  it  than  it  had  previous  to  the 
change  of  temperature.  The  proper  situations  of  the 
weights  w  w  are  found  by  espeiinicuts  on  the  rate  of 
the  machine.  The  nearer  the  weights  are  to  the 
movable  ends  a  a  of  the  arms,  the  greater  the  space 
through  which  they  move  by  any  change  of  tempe- 
rature, and  the  greater  the  variation  in  the  inertia  of 
the  balance ;  so  that  if  an  increase  of  temperature 
cause  the  machine  to  lose,  or  a  decrease  to  gain,  it 
shows  that  the  compensation  is  not  sufficiently  active; 


ust  be 


1    •    -:'.;i..   ■■:■  :i   i  i'.'rl  i 'il'--.'    I'l  loSC,  the 

moved  fuilhcr  from  the  moveable 
ins.     In  adjusting  these  balances 
it  will  be  seen  that  the  moving  iu 
ter  effect 


in ;  and  that  ii 


this  luiigth  bcii 
in  bringing  the  ni 


ends  a  <i  of  tli 

made  with  sen 

or  out  of  the  screws  -1  4,  will  jirodi 

than  3  3,  and  these  than  2  2,  and  si 

the  adjustment  two  opposite  screw 

-  ~-  1-.  f  I   ■  ;.  liiv  li  1  cH'ect  on  the  compensation,  as 

1  .   .   ;i  I  i  tiicm  by  the  curvatui-e  of  the 
i       .   ,  >   I      I. (I -spring  of  suflicient  length, 

\'.     .   ,    .1  I  I.:  ',\     .  :i  ;i  isochronal,  or  nearly  so,  and 

t  is  not  desirable  to  alter  it 

3  time ;  for  if  shortened,  the 

will  be  quicker  than  the  short  ones, 

and  if  lengthened,  the  short  vibrations  will  be  quicker 

than  the  long  ones.     To  avoid  this  source  of  error, 

the  two  screws  c  c  have  been  introduced,  the  drawing 

out  of  which  from  the  centre  causes  the  maehiue  to 

lose,  and  the  screwing  them  in  to  gain. 
Some  years  ago,  Mr.  Dent  introduced  a  balance- 

spruig  of  glass. 

Kg.  1178  shows 

one  of  his 

pensation 

spiral  spring  at- 
tached. 
The  reader  will 

the  essential  dif-  t"'!i-  "'S- 

ferences  between  a  clock  and  a  watch.  A  clock  or 
a  watch  has  been  defined  as  a  machine  consisting  of 
a  train  of  wheels  turned  by  a  weight,  a  spring,  or 
any  other  nearly  constant  force,  and  of  which  tlie 
velocity  is  regulated  by  attaching  to  it  a  peudidum, 
balance,  or  fly-wheel,  which  always  vibrates  or  revolves 
nearly  in  the  same  time.  And  the  only  distinction 
(except  the  arbitrary  one  of  mere  size)  between  a 
clock  and  a  watch  is,  that  a  watch  will  go  in  any 
position,  but  a  clock  only  in  one.  A  chronometer 
is  a  very  accurate  kind  of  watch.  What  is  called  a 
pocket  chivnomcier  resembles  a  common  watch,  and  is 
made  to  go  the  same  time  with  once  winding  up, 
namely,  30  hours.  Those  used  for  determining  the 
longitude  at  sea  are  larger,  having  dial-plates  3  to  4 
inches  in  diameter,  and  are  usually  made  to  go  from 

2  to  8  days  with  one  winding  up.  In  addition  to  the 
hour,  minute  and  seconds  circles,  there  is  one  which 
denotes  the  time  in  days  that  has  elapsed  since  the 
last  winding  up.  Each  chronometer  is  well  secured 
iu  a  brass  box,  mounted  on  gimbals,  in  order  that  one 
uniform  position  may  be  preserved,  and  the  whole  is 
enclosed  in  a  maliogany  case. 

Where  tliere  is  vertical  space  at  command,  a  weight 
is  used  as  the  motive  power,  and  a  pendulum  as  the 
regidator.   If  the  clock  is  to  occupy  only  a  small  spaoe. 


y  dials,  1  weight  would  be  veiy  ii 


\Mtli  I  spn  il  iiL  ihv  ij s  used  m  watches  \^ 
lio  u  c  ich  uthLi  iiiil^  111  the  foim  of  esoi|  (  i 
old  tt  itdiLS  the  p  ilLt  oi  lecoil  escaperatul 
as  sho Mil  111  Fig  1162  Such  an  escipeniLii 
the  iiitei\eiiti(ni  ot  a  tusee  to  leudei  uii 
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I  attached  to  the  gieat  wheel  and  it  is  wouud  up  by 

,    tiumug  lound  the  axis  to  -nhich  its  iniiri  rxtiomity 

I  IS  attached     It  is  eudciit  tlul  il  I'         i.ii  In, 

left  undisturbed  oi  it  be  m  i  d 

the  spung  louad  it  the  out u  '  nn^ 

Mill  cjiiitmtly  act  upon  (Ik      i      i  I  ;   m        i   thi 

-    II   I     ukUviU  cause  the  spui  «1,m1   ittulud  to  it 

iiiuo  its  motion     It  is  lu  this  way  that  tlie 

(111^  ot  rhimuoy  clocks  is  uiangcd,  and  also  lu 

1  I  li(      while  the  cjlindci  csoipement  allow; 

111    I         I     1.     ihspi  used  with     Ot  com  so,  the  axis 

t     Mill  h  111        nil,  IS  ittachod  m  tin  lutcuoi  must 

1      |i   mM     111.    1  iiIlIkI  whul  will  li  allows  the 


of 


When  a  clock  is  wound  up,   the  hands  do  not 
make   x  letin^i  kIl  motion,  foi   the   leison  iln  idv 
explained,  but  leiii  im  station  m    and  bcniii  I     i 
again  when  the  winding  is  completed      In  I' 
observations   of  astionomy   it   is  ot  im|  i  1 1  i 

puvuit  til.    iiioi   lilch  io    111  e   fidu  til 


spung     In  this  way  the  chai 


Ind  been  diaggcd  fiom  lliL 


uicl  tuujs  uiuIli  the 
g  a  pullmg  foi  cc  upon 


gioo\c    lb   liMit   upon    tilt,    iiboi   ot    tiR 
fust  wheel      u  IS  a  siinihi  pidley  pinned     ^'"* 
on  the  side  ot  the  ntehet  K   lud  ino\  ible  '"Ij' ' 
on  a  stud  h\ed  lu  the  tiame     An  endless      |    ^' 
cold  IS  put  o\er  these  two  pulleys,  and      '   |    > 
undei  the  pulleys  B  and  c  which  cuiv 
the  w  eights  w  w     It  is  evident  that  h  dt 
ot  the  hige  weight  w  is  sustained  by  the 
jiulky  II    md  the  othei  half  by  the  pulley 
\      md  til  it  half  the  weight  wdl  continue 
1  upon  A  although  the  pulley 


lioMded  tluou^i  til.  Ill 
s  upon  theti  m  lln 
\ify  of  the  gieit  wIki) 
itch    by  which  the  uuti 


tui 


e  the  w 


ght-n 


Ihi 


i   whit 


i   at  the  tune  of  wind 


mg ,  foi,  by  pulluii 
pulley  11  lexohcs 


ictwilhhilt  I 
quently  1  teps 


mous  method  doi; 
unless  a  ch  un  be 
pulleys  A  and  ii  w  > 
good  de  d  of  dust,  a 


the  c 


a  list    I 


like 


I  lenders  the  clocl  ioul 


J  objectionable  on  account  of  its  ' 
lines   aids  and  at  otlici  times 

imgpowei   of  a  clock  oi  of  a 

1     dm  ( ily  upon  the  ti  i  n  with 

IS  m  Fig  11C2  the 

u(  iiient  the  niamt  tin 

I  U|     I  11113  the  winding     Foi 

II  spung  li  placed  in  a  bauel 


the  gieit   wheel 

md     the    bauel 

latchrt  this  ^  •'  "''° 

wheel  his  also  1  itchet  teeth  cut  upon  it,  but  ti 

the  opposite  way  to  the  bauel   1  itelict    as   s 

at  1      and  the  click  r  c,  bcloii^in,  to  it    i     a 

aim  tuimiig  on  a  pi\ot  c  111  11 

this  second  latchet  wheel  is  r  1  1 

wheel  by  a  spung  s  s  one  en  I 

the  1  at chet  wheel,  and  the  ntl 

I  pin  on  the  gieat  wheel      il 

wlule  the  clock  is  ^oing,  thi  \ 

and  both  latchets  to  the  left     n  1 

m  the  same  duection    and  as  the  clock  goe 


one  tooth  after  anotbcv  of  tl\c  ratchet  b  slips  undei- 
the  long  cUck,  aud  lliis  causes  the  drop,  wliich 
may  be  licard  about  every  5  minutes  in  regulators 
and  good  watches.  "Whcu  the  weight  is  taken  off  the 
barrel  by  windiug  up,  the  going-ratchet  immediately 
flies  back  a  little  towards  the  right,  but  is  stopped  as 
soon  as  one  of  the  teeth  arrives  at  the  click,  aud 
there  it  is  held  :  the  sprmg  continues  to  press  tlie 
great  wheel  as  before,  with  nearly  as  much  force  as 
w^heu  the  weight  is  acting,  and  so  keeps  the  wheel  in 
motion  for  the  short  time  that  the  clock  is  winding 
up. 

Tliat  part  r.f  flic  clock  M'liich  publishes  the  hours 
1.1 ;';.!  1  :r  -  !.'  .  "y  :i~  i  ,  ;i'.r\  as  that  which  indicates 
r,    I  :     'M  .    If,  however,  the  clock 

:    1-      :  ..at  every  horn-,  all  that 

i-  II,  ,  -.i\  :^  '.I  ;.ii  :i  j' .!  into  either  of  the  wheels 
of  the  diul  w,  ik  that  Imus  in  an  hour,  aud  a  hammer- 
tail  or  lever  over  it,  so  that  the  pin  will  begin  to  raise 
the  hammer  about  a  quarter  before  the  hour,  aud  just 
slip  from  under  it  when  the  minute-hand  pouits  to  the 
hour.  Instead  of  the  pin,  a  flat  piece  of  metal,  cut 
into  a  S|nral  form,  and  called  as/iail,  may  be  put  upon 
the  front  of  tlic  wheel.  The  effect  of  tliis  is  to  dis- 
tribute the  work  of  raising  the  lever  over  the  whole 
hour  with  much  less  friction  thau  in  the  former  case. 
Now,  it  will  be  evident,  that  as  the  ^heel  if.  Kg. 
IISI,  bcarmg  the  miuute-hand  m  u,  goes  round  in  the 
direction  of  the  arrow  once  an  hour,  it  wiU  cany 


hammcr-tail,  the  spu-al  spring  causes  the  knob  to 
strike  suddenly  against  the  bell,  and  the  spring  i 
forces  it  away  again,  and  the  pomt  of  the  hammer- 
tail,  fidHng  into  a  position  nearest  to  the  centre  of 
motion  of  the  snail,  as  sbowu  in  the  figure,  the  pro- 
cess goes  on  as  before. 

The  arrangements  for  strikmg  the  hours  and  quar- 
ters is  complex,  and  is  often  referred  to  technically 
as  the  clock-tcod;  or  the  clock-part,  the  going  part 
which  moves  the  hands  being  c;dled  the  watch-work 
or  the  tcatcli-part  even  in  a  clock.  Pig.  1182  shows 
the  striking  part  of  a  clock  in  which  the  maintaiuing- 
power  is  a  weight.  Tiie  striking  part  is  also  moved 
by  a  weight  attached  to  the  cord  k,  which  is  coiled 
on  the  cylinder  B,  and  the  motion  thus  imparted  to  B 
is  transmitted  to  the  spui'-wheel  c  attached  to  the 
same  arbor.  The  wheel  c  engages  the  piniou  d,  aud 
thus  gives  motion  to  a  second  wheel,  E,  whicii,  acting 
on  the  pinion  r,  tiu'us  a  third  wheel,  g  :  tliis  trans- 
mits its  motion  to  the  pinion  h,  and  consequently  to 
a  fourth  wheel,  I :  I  engages  with  the  pinion  k,  and 
thus  moves  a  fifth  wheel,  l  :  lastly,  l  turns  the  pinion 
M,  the  axis  of  which  carries  a  fly,//',  which  regulates 
the  movement.     While   this  traiu   of  wheels  is   in 


md  with  i 


1  the 


e  tin 


,  but  ii 


direction,  a  similar  wlieel  n'  with  the  same  number 
of  teeth  engaging  iuto  it.  IS'ow  the  snail  s  beuig 
attached  to  this  second  wheel,  and  the  hammer-tail 
II  T  resting  on  the  snail,  as  shown  in  the  figure,  a 


few  minutes  after  a  sti'oke 
by  gradually  raising  <lie  ha 


been  made,  the  snail,  |  motion  under  the  action  of  the  maintaiuing  weight, 
vmmer-tail,  will  remove  the  eertaia  pins,  a  a,  projecting  from  one  of  the  sides  of 
III  the  bell  b  until  another  the  wheel  r,  successively  raise  tbe  lever  b,  wliich  lever 
<  f  completion,  when  the  causes  the  rotation  of  the  axis  c,  to  wliich  the  tail  of 
■  from  the  bcU.  Duiing  the  hammer  is  attached.  As  soon  as  one  of  the  pins 
- .  is  being  more  and  more  I  a  a  escapes  from  under  the  lever  b  after  having  raised 
snail  suddenly  releases  the    it,  this  lever  is  forced  by  the  action  of  a  spring  iuto 


its  first  posiiioii,  and  tlie  hammer  /;  is  llius  brought  |  be  set  backwards  or  forwards  as  required.  The  count 
towards  the  bell.  If  the  tail  of  the  hammer  were  rigid,  wheel  is  still  used  in  the  best  I'rencli  clocks  nnd  ii 
the  hammer  would  not   strike  the   bell,   but  being     cheap  wooden  clocks. 


whicli  they 
rt  the.  pwss- 


When  the  clock  is  not  striking,  a  pin  o,  in  the  sid 
of  the  wheel  i,  bears  upon  the  extremity  h  of  a  levi 
/,  A,  and  the  train  of  wheels  is  tlius  prevented  froi 


minute  ban 
on  the  com 


strike,  the  piii  i 
to  act.  If  the  1. 
tion,  the  wheel  l 
single  revolution 


«  acts  upon 


'  /i  falls  bark  i 

;topped  after 
only  of  the  ] 
and  the  hammer  strikes  only 
the  bell.  In  order  that  the  hammer  may  strike  the 
hour  as  indicated  by  the  hands  on  tlie  dial,  a  knife- 
edge,  t,  attached  to  the  lever  t;  h,  presses  upon  the 
edge  of  what  is  called  a  count-wheel,  shown  by  the 
dotted  line  /.  Certain  notches  or  indentations  are 
made  at  unequal  distances  in  the  edge  of  I,  wliich  is 
called  the  /oc^/^y-plate,  and  as  it  is  attached  to  tlie 
axis  of  the  great  wheel  E,  it  revolves  in  the  same 
time  with  the  striking  movement,  but  with  great 
slowness,  and  presents,  in  succession,  the  different 
parts  of  its  edge  to  the  knife-edge  k.  If,  at  the 
moment  when  the  lever  g  h  falls  again,  the  knife-edge 
Tc  enters  into  a  notch,  the  extremity  h  of  the  lever 
stops  the  pin  i ;  but  if  the  knife-edge  /i:is  opposed  to 
a  portion  of  the  wheel  /  situated  between  the  notches, 
the  lever  g  h  cannot  stop  the  pin  i,  aud  the  striking 
apparatus  contmnes  to  move  uut.il  the  wheel  /,  in 
turning,  brings  round  a  notch  for  the  edge  k  to  fall 

The  wheel  I,  which  moves  through  only  a  small 
space  each  time  the  clock  strikes,  performs  au  entire 
revolution  in  12  honrs,  at  the  end  of  which  time  the 
hours  fif  the  same  name  recur.  During  this  time  the 
wheel  I  revolves  as  many  times  as  the  hammer  strikes 
the  bell;  i.e.  78  times  if  the  clock  strikes  only  the 
hours,  aud  90  times  if  the  hammer  strike  once  for 
each   half-hour,  as   is  common  in  French  ehimuc.v- 

The  principle  upon  which  the  count-wheel  is  con- 
structed  does  not  aUow  of  the  hands  being  set  back, 
and  being  liable  to  derangement,  and  troubli 
adjust,  it  has  been  superseded  in  English  clocks  by 
the  rack  and  snail,  (invented  by  T-miiinn.  Mir  r.tlirr 
of  English  clock-making,)'  whidi     "        i    .   '     :,' 


and  makes  the 

hammer  return  smartly 

0  ils  place 

when  the  blow 

s  made ;  this  spring  u  a 

so  serves  as 

a  guard,  in  eas 

a  stroke  of  the  hammc 

should  be 

made  when  the  bell  is  taken  oft'. 

In  the  centr 

of  the  figure  is  the  : 

■bor  of  the 

centre  wheel,  the  end  of  which  is  seen  w 

bin,  at  the 

projecting  end  of  the  squared  part  of  the  tube,  or 

camion,  and  is 

called  the  cannon-pinioi 

.■  the  tube 

of  this   portion 

is  put  tight  on  the   arbor  of  the 

hour  or   centre 

wlicel,   aud  has  a  spriuL 

placed  on 

theh 


so  as  to  force  it  Inn     ,:  ,    ■ 

keeps  the  hands  on  , :     :      i 

sions  so  much  friction^  ihit  ,il:I ^:li  ii 

ried  round  by  the  hour-arbor,  yet  it 
being  moved  round  by  its  hand  placed  o; 
end  independently  of  this  arbor,  for  flif 
setting  the  baud  to  t'l'-  rrrini  ifr  mimile 
The  cannon-pinion  Im  !''!■  i  '  ,  '  iim| 
piuion,  ^,  round  also  1 1  |.ii 
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t'.ibe  surroundiug  tlie  tube  of  the  camiou-piniou,  Lut 
iu  such  a  way  tliat  a  third  tube,  attached  to  the  bridge 
K,  is  interposed  between  the  two  tubes  of  the  cannon- 
pinion  and  12-hovu-  wheel :  the  use  of  this  third  fixed 
tube  is  to  present  the  faction  of  two  tubes  revolving 
in  contact  witli  such  different  velocities  as  12  : 1.  On 
the  exterior  tube  of  the  12-lioiu-  wheel  the  hour-hand 
is  inserted  ;  and  it  is  evident  that  whenever  the 
minute-hand  canies  the  cannon-pinion  round,  the 
pinion  of  report  y  aKo  iikims  fhc  Mine  qmntity,  and 
by  means  of  the  Mil  11  |  ""  i         '  il,  I    at 

qucntly  the  2  haiui^  i  mt 

move  without  the  (tl  _      n     i   >    i  i     i     liuth 

fast  to  their  respecfne  tubes,  but  the  hi. m  hand  is 
put  on  the  round  part  of  its  tube,  and  kept  to  it  by 
mere  fiiction,  and  therefore  may  be  put  to  any  hour 
without  carrying  the  minute-hand  round  many  revo- 
lutions, and  yet,  when  once  placed  right,  it  preserves 
its  relative  velocity  as  though  it  were  more  firmly 
attached  to  its  tube,  i  is  the  arbor  of  the  seconds- 
hand,  which  icvolves  in  a  minute,  and  which  measures 
the  120th  pait  in  its  divided  small  circle  on  the  face 
of  the  clock  at  so  many  vibrations  of  the  pendulum, 
or  at  so  111  iii\  h  uf-iouiuK.  To  the  12-hour  wheel  i 
is  pimnii  1  I  I  11  I  i'mI  spu'al  piece  of  metal, 
called   1 1  11   levolves  in  12  hours 

E.ich  null  II  I   1      1  111  subtends  an  angle  of 

:'iO"  (t3  '.  '''  'I  'I"  Hi. li  iitatiou,  whether  near  to 
the  ccntic  ol  iiinliun  or  lar  from  it,  is  c\adK  the 
measuie  of  an  hour's  motion  of  the  12  Ikhu  wheel 
Till  ^tul  1.11.1.  A/,MbC,illalaiKkri.,inll;,  in  Hum 


indentation  of  the  snail  which  happens  to  be  contii^u 
ous  to  it.  On  the  le\er,  between  m  and  ii,  is  a  bcml 
to  prevent  its  touching  the  winding  arbor  r  of  the 
fusee  belonging  to  the  striking  part:  aKo  it  /,/  is  a 
strong  steel  pin  projecting  from  the  rack  Abi)\e  the 
rack  is  a  horizontal  steel  bar,  ji  q  r,  nin\alile  on 
a  stud  at  r,  which  is  caUed  the  hawes-bill,  tiom  the 
bill  or  angular  piece  at  q  that  catches  the  teelli  of  the 
lack.  The  piece  s,  fixed  to  the  protruding  pivot  of 
the  wheel  (next  the  pin  wheel)  near  its  low  er  extre- 
mity, and  revolving  with  it,  gathers  up  a  tooth  of  the 
rack  at  each  revolution,  on  which  account  it  is  called 
the  gathering-pallet ;  the  catch  of  the  hawk's-bill 
having  a  contrary  slope,  gives  way  in  the  mean  time, 
and  comes  back  again  by  its  own  gravity.  The  pinion 
on  this  pivot  driven  by  the  pin-wheel  (which  has  Gl 
teeth  and  S  pins)  has  S  leaves,  and  therefore  revolves 
once  even  :;,'.■  i',,  '  li.  !,  aumer  of  the  bell  is  Hfted; 
but  its  L  .:'         _  :   ^.s  up  a  tooth  of  the  rack 

at  each  n  -■  ..  ■  r,  nlior,  consequently  a  tooth 
of  the  111.',.  ;  u.ii'  i'>l  ii|.  at  every  stroke  of  the 
hammer  when  the  striking  part  is  in  motion.  Thp 
angular  piece,  I  ii  v,  movable  round  an  arbor,  is  called 
tue  icaming-piece ;  its  lower  end,  v,  falls  in  the  way  of 
a  pin  in  the  sinall  hour-wheel  g,  and  its  bent  end  t 


passes  through  an  aperture,  ic,  in  the  front  plate 
of  the  frame,  m  such  a  position  as  to  come  in  contact 
with  a  pin  on  the  fly,  which  is  therefore  unable  to 
revolve  until  this  bent  piece  is  lifted  away  from  the 
piiL  The  bent  end  t  also  lies  uuder  the  piece  s,  so 
that  when  it  is  lifted  away  from  the  pin  on  the  fly  it 
laises  this  piece  and  the  hawk  s-biU  q.  The  action  of 
the  different  parts  may  be  thus  explained :  "Whenever 
the  h-awk's-bill  q  is  lifted  from  the  teeth  of  the  rack 
the  spring  o,  piessing  against  a  pin  near  its  tail, 
makes  it  fall  back  till  it  meets  with  some  obstacle 
to  anest  its  motion,  which  obstacle  would  be  the 
pin  of  the  pin-wheel  in  the  front  plate,  if  thcie 
weie  no  other  interposed  before  it  had  fallen  so  far 
back,  but  if  the  snad  is  m  any  other  position  than 
that  wherein  its  nearest  indentation  towards  the 
centre  is  contiguous  to  the  pin  of  the  rack-tail,  the 
tail  pin  of  the  rack  will  fall  upon  the  edge  of  the 
siiaU  before  the  rack  has  fallen  back  to  the  pin  x,  and 
all  the  teeth  of  the  rack  will  not,  in  this  case,  pass 
the  catch  of  the  hawk's-bill,  lm(    ' 


thcic 


1  the 


the  hammer,  or  that  6  teeth  of  the  rack  are  lo  be 
gathered  up  by  as  many  movements  to  and  fro  of  the 
piece  s :  but  we  see  that  only  5  teeth  remain  to  be 
gathered  up  of  the  rack:  hence  we  know  that  the  clock 
nas  struck  1  out  of  6,  and  is  m  the  act  of  striking  : 
the  clock  will  therefore  now  continue  to  strike  till 
the  upper  end  of  the  gathering-pallet  *  falls  on  the 
projectmg  pin  i,i  of  the  rack,  which  will  be  as  soon  as 
the  last  tooth  of  the  rack  is  drawn  up  to  the  hawk's- 
bill,  in  which  situation  the  wheel  q  camiot  revolve 
any  further  tiU  another  hour  has  elapsed.  After 
another  hour  is  past,  the  pin  of  the  wheel  g  will 
again  elevate  the  warning-piece  v,  the  bent  end  t  of 
wliich  will  first  be  raised  out  of  the  way  of  the  pin  of 


flio  pin-wheel,  and  the  fly  s  -will  run  ou  a  revoiutiou 
or  two  with  a  whistling  noise,  i.  e.  the  clock  will^iVe 
iciirniiii/ :  but  the  end  p  of  the  h;i\vk.'s-bill  has  not 
yet  been  raised  far  enough  by  the  pressure  of  the  end 
t  of  the  warning-piece  to  make  the  catch  q  clear  the 
teeth  of  the  rack  ;  therefore  the  rack  cannot  vet  fall 
baek:  nvr^rntlv.  however,  the  hawk'sbill  is  Ufted 
liiL-ii  <  :  '  "  !  i'  \'::i-  continued  motion  of  this  pin: 
\\\'-  r  ■  ■  ■  ,  till  its  tail-pin  rests  on  step  7 
Mr  :        !  .    '       '.:!i  has  now  nnivcd  at  the  point 

1,1   :■      •■.,':            ,-  r,  7  i..M,   ,  ■    M:,  ,  :,fk  paSS  the 

c:i>..:  ',•'■■■:■■  I  ■■  .  .   ■              ■   ':-!ii-  of  7  is 

U'-.;     '                     ■■     ■  ,■•!■•_-'    ,:iiL;--paUet  « 

fall'.  :  -.^i'l  'I  11,  ■  j.:ii  •'  .'<  ;!)•■  1  .•  L.  ?.'-A  -.tops  the 

piece  catches  the  pin  of  the  fly  and  stops  it ;  and 
in  this  way  nny  number  of  hours  will  be  struck  by  the 


piece  is  clear  of  the  pin  of  the  hour-wheel  y,  which 
'  wheel,  therefore,  continues  to  revolve  from  hour  to 
hour  in  a  state  completely  detached  from  the  mecha- 
nism of  the  striking  part.  In  clocks  which  have  no 
seconds-hand,  there  is  a  hand  movable  in  a  small 
circle  in  the  dial,  which  answers  the  same  purpose  as 
I  the  piir  at  7. 

The  machinery  for  striking  quarters  is  similar  to 
that  for  striking  the  houi-s,  only  there  are  two  ham- 
mers instead  of  one,  and  an  additional  set  of  pins  on 
the  strikiug-wliecl  for  raisuig  them.  For  what  are 
called  ding-dong  quarters  2  bells  are  used,  and  tlio 
striking-wheel  has  2  sets  of  pins  on  its  opposite  sides, 
which  raise  the  2  hammers  altcniatclv.  If  Ihae  are 
4  or  more  beUs,  the  rim  of  the  si  i  \  nr/- v,  i„.  !  \  |„vad 
out  so  as  to  form  a  chime-bu..  ■•a.~  ,  ,  i  „n:^- 
out  from  it  like  the  barrel  of  a  ,       !  ila; 


the  pin  of  il.  ■  ■       :  ,      ■   •  ■ 

ing,  the  same  nuiiibfr  .  i    -  -  ,     ■  ■    -      ■     , 

though  it  should  be  a  111  I  I 

vert  this  striking  media  I 

nism,  it  is  only  necessary  i.i  ;  '  :  ■  :,  irv,i-_;, m  r.  ^^  i;r 
round  a  stud  on  the  front  plate  of  the  frame  at  the 
point  7,  with  a  slender  spring  z  over  it,  to  bring  it  back 
to  its  original  situation,  when  the  end  placed  under  the 
warning-piece  is  elevated  by  doprrs  'iis  t':r-  rx'r-ini- 
end,  which  may  be  done  by  p>illii:i  i'  ■  :  ,!  ,;  - 
attached  to  this  end,  as  shown  in  i'  ■        - 

often  as  the  string-  is  puUrd,  sr,  n-   ,    -    1  i.^  .,.\. 

ana,   :■■■!,.'■'  '    '    ■  '   :■  ilifferenlly 

„::.:  1::-.    '  _  i  .  :  1,  movablo 


■e  aU  s, 


■sd  by 


bell.      In  0 


round  a  .-tud  iu  tlic  front  plate  of 
the  socket  has  scarcely  any  shake,  the  other  two  ends, 
1  and  2,  move  always  in  the  same  plane :  at  the  end 
marked  1  is  a  pin  projecting  above  the  ujiper  circum- 
ference of  the  i^ace  or  dial  of  the  clock,  so  that  it  may 
be  moved  to  the  right  or  Rft  at  pleasure :  the  end 
marked  2  has  a  shipe  l,kc  a  wedge  on  that  sidewhicli 

is  next   to   tl.r   V,,\.-    •>:'    iLr  fKnn-plair.  all.I   V.r  riMl 

of  the  arbor  M' /.  .     ;   .:y    -  •  ,  :   .       ■. 

touch  the  iia'h,.   :  ••    ^  :ii:m.i-  m   ;i  ,     .         •  ,- 

piece   has   Si.'Uic    -!;-   .■     -a    the   liircrtiuu  l^'   i:s  1  :i;;::i 
within  the  I'ramc,  and  its  i.usterior  pivot  passes  be-  , 
tween  the  prongs  of  a  forked  spring,  which,  resting  [ 
against  the  shoulder  of  the  pivot,  pushes  it  close  to  ' 
the  interior  side  of  thefront  plate  of  the  frainc,  -,ln  :, 
a  similar  shoulder  stops  it:    when  the  jiin        ; 
pushed  to  the  right,  the  wedge  of  the  end  .'  ;  ■ 
the  arbor  back,  and  llie  end  c  of  the  \varii:i'_ 

it  Otiierwise  v...      :    '        l'  ::    -:•■  •■>  .'.   ..(   li    .  ,  ■.,  ..( 

the  hour-wliri  '.  '',,,:,,.,-:     ■       -    ^  ,  , 

the  hour  rcgulauii  i,;.  iln;  -uail ,  Init  wLuu  I'uc  iiiii  at 

1  of  the  strike  or  silent  is  pushed  to  the  left,  the  end  ! 

2  is  withdrawn  fiom  the  pivot  of  the  arbor  on  which  ■ 
the  warning-piece  is  fast,  the  spring  in  the  frame 
pushes  it  forward  so  far  that  the  end  ;'  of  this  warning- 


If  the  pendulum  be  taken  off  a  clock  with 
It,  it  will  licat  about  as  quickly  as 

:  ximo  way  as  if  a  double 
.  '  ifthecrutchofarccod 
;,  M_:i  M  nach  the  inside  of  the 
let  oif  the  alarum,  the  letting  off 
pin  is  made  movable  on  the  wheel  which  carries  it. 
'•■  If  the  common  letting-off  pin  were  made  movable 
upon  the  hour-wheel,  we  might  make  the  clock  strike 
when  the  long-hand  is  at  50  m.  instead  of  60  m.; 
and  in  like  manner,  if  we  put  a  letting-off  pin  for  the 
alarum  on  a  cap  or  iri/,  which  fils  ti-hily  on  to  fne 
socket  of  the  12-houi- wheel,  ^u-  -  ;i  ,,  ,i'  ;i  i,  t  laf 
with  as  much  accuracy  as  is  n  :;.  n 

of  the  twelve  hours  we  please.     1  >    iras 

the  pin,  has  ils  socket  pro!..;,      i    .      ■  .    ,      .     -  io 

which  aUvaN      !■   :•..■,,      ■  .    i     ,     I, a!      ';     '.  .   ■.    ,|.:rs 

not  fit  so  li^h:  i\  ii,::i   i^   r  I    :      •  , ■,■,  i!|,.  l!;,iid 


e  like  o; 


;o.     The 


g  of  the 


;l  :  :  ;::  ;!:m1  to  a  wheel  cxacllv  like  a  recoil 
c-whed,  eitlicr  of  the  crown-wheel  or  the  plain 
!,  and  when  it  is  let  oif  it  runs  till  it  is  down.  Of 
■sc  it  must  not  be  wound  up  until  within  12  hours 

<   lime  when  it  is  intended  to  strike." 
'r„M,m«M's  Clock,  or  Tell-fale  Clock.     In  this 
line  are  a  number  of  pins  sticking  out  round 
ill,  one  for  every  quarter  of  an  hour,  and  it  is 

duty  of  the  watchman  ou  the  premises,  where 
1  a  clock  is  kept,  to  go  to  the  clock  every  quarter  of 
our,  and  push  in  the  proper  pin,  thereby  proving 
be  inspector,  next  morning,  that  he  was  vigilant 
ng  the  night.  Each  pin  admits  of  heing  pushed 
uring  a  few  minutes  only,  and  if  the  time  be  ncg- 
;d  it  will  be  found  sticking  out,  and  will  show  the 


a  telltiJe  clock  in  oue  of  tlie  lobbies  of  the  House  of 
Commons  llic  face  and  pins  are  enclosed  behind  a 
glass,  and  ontside  the  clock-case  is  a  handle  eomniu- 
nicating  with  a  small  lever  standing  over  a  [lart  of 
the  circle  in  which  the  pins  move ;  and  as  the  pins 
are  carried  round  in  a  sort  of  movable  dial,  the  effect  I 
of  pulling  the  handle  is  to  push  the  pin,  which  comes 
under  the  lever  every  quarter  of  an  hour.  In  these 
clocks  the  pins  are  made  to  pass  over  an  inclined  plane  I 
Bonie  hours  after  they  have  been  pushed  in,  and  in  i 
this  way  are  pushed  out  again. 

In  ilr.  Dcnison's  "  Rudimentary  Treatise  "  will  be 
found  an  interesting  chapter  on  Church  clocks,  lo- 
gethcr  with  an  account  of  the  negociations  for  the 
Great  Clock  for  the  New  Pahice  at  Westminster. 
One  of  the  most  remarkable  clocks  in  London  is  that 
at  tlie  lloyal  Exchange,  the  working  parts  of  which 
are  represented  in  the  full-page  engraving  whieli  is  to 
accompany  this  article.  When  Mr.  Dent  was  engaged 
by  the  Greshara  Committee  to  construct  for  the  new 
lloyal  Exchange  as  perfect  a  clock  as  the  state  of  the 
art  allowed,  he  took  the  advice  of,  and  submitted  the 
results  of  his  labours,  to  Professor  Aii-y,  the  Astrono- 
mer-Royal. In  the  construction  of  this  clock  the 
trains  are  contained  within  a  simple  but  strong  cast- 
iron  framing,  in  ■\\liich  every  strain  is  so  completely 
sclf-confauied,  that  the  operation  of  fixing  the  clock 
is  easy,  uotliing  more  than  a  frnn  and  level  base  being 
reqidred  for  the  framing.  Hollow  iron  drums  are 
used  instead  of  wooden  cylinders  for  the  driving 
barrels,  and  wire  instead  of  hempen  ropes  are  em- 
ployed for  suspending  the  weights.  The  last  of  these 
improvements  ensures  a  more  permanent  :..r„i:..\.  ni 
form,  and  the  use  of  wu-e-rope  allows  .-i  i 

to  be  used,  thus  preventing  the  neccb.-i;  . 
laying.  In  this  way  the  weight  exerts  tin  -  i  ; 
to  turn  the  barrel,  which  is  not  the  case  willi  a 
thicker  rope  covering  the  barrel  in  2  or  3  layers.  In 
this  clock  the  hands  are  driven,  and  the  hammers  of 
the  striking  part  raised,  directly  from  the  axis  of  the 
driving-barrel,  without  the  intervention  of  wheels  and 
pinions.  Our  engraving  wiU  show  the  rods  and  bcvil- 
gcar  by  which  this  clock  indicates  the  hour  on  the 
/btir  dials  of  the  four  external  faces  of  the  tuiTet. 
The  pendulum  of  this  clock  is  compensated,  and  tlie 


first  stroke  of  the  hour  is 
purpose  the  liv( 
greatest  !■'.-':■• 

romidcd   p      ' 

wheel  until  i':.. 


a  second.  For  th 
iier  are  removed  to  their 
lime  of  striking,  and  the 
ilicately  poised  upon  the 
cling  tooth  of  the  pin- 
for  striking  has  arrived. 


when  it  is  reloaded  on  the  instant.  The  pendulum  is 
thus  described  :' — "The  centre  rod  of  the  pendulum 
is  of  steel,  and  is  sufficiently  long  to  pass  completely 
through  the  bob  or  weight,  which,  however,  is  not 
immediately  attached  to  it.  Upon  the  bottom  of  this 
rod  is  fixed  a  nut,  by  turning  which  the  ler.gth  of  the 
pendulum  may  be  nicely  adjusted,  and  upon  which 
stands  a  hoUow  column  of  zinc,  through  which  tlie 
steel  rod  passes  freely.  On  the  top  of  the  zinc  column 


is  a  metal  cap,  from  projecting  portions  of  which  de- 
scend 2  slejider  steel  rods,  to  the  lower  ends  of  which 
the  weight,  wliich  is  a  hollow  cylinder  of  iron,  capable 
of  sliding  freely  upon  the  zinc  column,  is  suspended. 
Thus,  while  both  the  centi-al  steel  rod,  and  the  two 
smaller  steel  rods  by  which  the  weight  is  suspended, 
expand  downwards  upon  any  increase  of  heat,  the 
position  of  the  weight  in  reference  to  the  point  of 
suspension  of  the  pendulum  remains  nearly  the  same, 
because  the  zinc  coluuni,  though  shorter  than  the 
central  steel  rod,  expands  to  an  equal  extent  upwards, 
and  consequently  raises  tlie  weight  just  as  much  as  it 
is  depressed  by  the  lengthening  of  the  steel  rod.  As 
the  |)eudulum  weighs  nearly  4ewt.,  the  operation  of 
setting  it  so  that  its  vibrations  might  be  correct  to 
within  a  fraction  of  a  second,  was  a  matter  of  ex- 
treme difficulty.  This  was  met  by  a  contrivance 
suggested  by  Mr.  Aiiy :  the  clock  being  started  at 
a  very  smaD  losiug  rate,  a  slender  spring,  so  mounted 
as  to  touch  the  pcndidum  slightly,  (and  thus  by 
slightly  diminishing  the  amplitude  of  the  arc  cause 
the  clock  to  gain,)  was  brought  in  contact  with  tlie 
])endulnm-bob  nearly  at  the  centre  of  percussion,  by 
means  of  a  line  in  the  clock-room.  By  this  means 
the  beats  of  a  large  turret-clock  may  be  brouglit 
to  coincide  perfectly  with  those  of  a  chronometer 
by  which  it  is  set.  The  regulatiug  screw,  by 
which  the  length  of  the  pendulum  is  adjusted, 
is  not  moved  for  the  correction  of  small  errors 
in  the  rate  of  going,  such  being  provided  for  by 
the  use  of  small  supplementary  weights  laid  upon 
each  side  of  the  top  of  the  pendulum-bob,  which 
I  rl-hts  may  be  appKed  or  removed  without  stopping 
',. '".-lock." 

Tiii,  clock  has  a  remontoii-  escapement,  and  the 
1  Uiis  are  jewelled  with  large  sapphkes.  Mr.  Airy's 
construction  of  the  going-fusee  is  also  introduced  for 
maintaining  the  clock  during  the  winding. 

Electric  Clocks.  About  the  year  1S40  Professor 
Wheatstone  exhibited  in  the  apartment?  of  the  Royal 
Society  in  Somerset  House  an  eh'-iro-maffnelic  clock, 
the  object  of  which  was  stated  to  be  to  enable  a  single 
clock  to  indicate  exactly  the  same  time  in  as  many 
different  places  distant  from  each  other  as  may  be  re- 
quired. Thus  in  an  astronomical  observatory,  every 
room  may  be  furnished  with  an  instrument  of  simple 
construction  and  at  small  cost,  which  shall  indicate 
the  time,  and  beat  dead  seconds  audibly  with  the  same 
precision  as  the  standard  astronomical  clock  with 
which  it  is  comiected;  thereby  obviating  the  necessity 
for  having  several  clocks,  and  diminishing  the  trouble 
of  winding  up  and  regulating  them  separately.  In  like 
manner  in  public  offices  and  large  establishments,  one 
good  clock  will  serve  the  purpose  of  indicating  tlie 
precise  time  in  eveiy  part  of  the  building  where  it 
may  be  required,  and  an  accuracy  insured  which  it 
would  be  difficult  to  obtain  by  independent  clocks, 
without  refeiTing  to  the  cost.  In  the  clock  exhibited, 
the  parts  comiected  with  the  maintaining  and  regu- 
lating power  were  dispensed  with.  It  consisted 
simply  of  a  face,  with  its  second,  minute,  and  hour 
hands,  and  of  a  train  of  wheels  commimicating  motion 
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from  the  iLboi  of  the  secoudb  Iniid  to  tli  t  of  tlic 
liour  hmd  m  the  same  luamiei  as  m  in  oidiuiy 
clock,  tiam  A  small  electio  magnet  was  made  to  act 
upon  a  wheel  placed  oa  the  secondij  aiboi  in  such  a 
)  aniici  til  it  whenever  the  tempoiary  magnetism  \\  is 
eilhei  pioduccd  01  desti  yed  the  wheel  anlconse 
quently  the  secouds  hand  advanced  ^-tli  put  of  its 
ie\olution  Thus  Ijy  dtemately  c  i  pletmg  and 
I  iciLiug  tl  e  electiic  cuuent  evoi>  second  the  <ipi  i 
t  sde  c  delw     ll|r  I     1     Utlnsnlfuicti  ns 
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comes  in  contact  wuh  the  sliding  bar  and  restoies  it 
lulo  the  position  in  which  the  circuit  is  completed, 
the  coil  IS  agun  eleotiified  and  consequently  igaia 
in  a  condition  to  be  atti  acted  by  the  n  igiiet  in 
swingiiii;  up  to  it  contact  is  ogam  bioken,    atlii 


and  m  this  way  the 
uid  bv  its  vibi  tious 
csoipo  wheel  oi  rthei  > 
clock  tl  uu 

One  of  the  htf  bt  1 
lb  that  confined  I     M 

1 1    hIm       II 


,  the  pendulum 


ings  bick   1 
jeudidum  is   kept  vibi  it 


tl  1  b  cl  N  0  1  uid  luetil  An  eUiei  el}  hghl  1  1 1  b 
s]  iin^  eiewed  to  a  blocl  ot  ivny  oi  Inid  wood,  vii  1 
not  coiineeted  with  the  metallic  [aits  ot  the  clock 
lestc  1  b>  its  lice  end  on  thecueumteunccol  the  dibk 
Ac  1 1  ei  wiie  attached  to  the  h\ed  e  1 1  cl  tl  e  si  ung 
[loceedel  to  one  end  of  the  wiie  ot  the  clcetio 
111  ^net  whde  aiiolhei  wue  attaclied  to  the  el  cl 
frame,  was  continued  until  it  j  lined  the  othei  cii  1  I 
the  wue  ot  the  electio  magnet  A  const  mt  volt  i 
bitteiy  of  smiU  size  was  1  ileii  bi  I  iinyiutofthe 
c  ouit  He  ice  it  :  ill  1  en  tl  at  by  th  s  ill  iiige 
11  nt  th  0  lent  lb  jci  !  c  11  i  ide  and  bioken  i 
c  use  1 1  u  e  cl  tiie  sj  i  bt  ug  foi  one  second  on 

a  11  td  di  bi  n  lud  tie  next  second  on  a  wooden 
di\  ibion  1  he  cii  cuit  may  be  extended  to  any  length, 
and  any  niimbei  ot  electio  magnetic  clocks  may  be 
biought  into  sympathetic  action  with  the  stand  iid 

Ml   Bun  Mi   Appold    and  othris   have  also  pio 

)us  foims  of  electric  elockb  m  which  the 

m  the  \oltaic  oi  earl/i'  batteiy  is  mide  to 

1     c      *   t!  e  spiing  01  weight  commonly 

powei      In  these  anl  ttlici 

of    electio  magnctis  n      s    i 


the    I 


rpn,  1   I 


ic  il,   and  by  its   momentum   peifoims  t 
QbCiUation    but  in  doing  this,  the  pin  ag' 


which  spiino  munben ling  should  gi\e1 
iiiipnlbC  to  the  1  en  Mum  the  pendulun 
be  mdepeiidcnt  of  ^aIlatIOllb 


)uld    thUb 

0  magnet. 


the  functi  n  of  w  Inch  w  ould  bo  simply  to  bend  the 


igs  foi  which 
SI  Cl held) 


imcntion,  which,  unlike  the  picv 
aims  xt  being  itselt  x  peifect  ti 
be  stated  that  in  this  auangcn 
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clock  train  and  the  striking  part  has  eacii  its  own 
separate  and  distinct  system  of  elcctro-inagnets  and 
voltaic  battery,  so  that  the  pendulum  may  continue 
to  vibrate  although  the  clock  tram  be  at  rest,  the  train 
being  set  in  motion  by  its  own  electro-magnets  under 
the  regulating  inllueuoe  of  the  pendulum.  The  striking 
part  is  also  under  the  control  of  the  pendulum  and 
the  traiu,  although  moved  by  its  own  electric  power. 
It  is  one  of  the  peculiarities  of  Mr.  Shepherd's  clock, 
that  the  pendulum  does  not  depend  for  its  motion,  as 
in  ordinary  clocks,  upon  the  clock  train,  nor  docs  it 
constitute  the  maintaining  power,  as  in  Mr.  Bain's 
clock.  The  pendulum  may  be  quite  detached  from 
ihe  other  poitions  of  the  clock,  aud  may,  indeed,  be 
used  for  a  gieat  number  of  clocks  iu  simultaneous 


f.  11';  1.1 


tlie  b 


^  the  penduhmi  QQ  suspended  from 
i   I        if.   ugh  a  hole  in 


Fig.  1185.     But  by  the 
pendulum,  which  we  hi 


of  the  t  ■.!  il  teiminating 

in  the  nict.il  bed  phitp,  aud  the  uthei  ui  the  tiiaugular 
framing  at  i,  iu  a  slight  spring  tipped  with  plalmum 
and  iubidated  by  an  ivory  mounting     The  swinging 
of  the  pendulum  to  the  right  completes  the  circuit, 
and  converts  ii  iuto  a  powerful  magnet.     The  two 
ends  or  poles  of  tliis  magnet  pass  tlirough  the  bed 
jdate  and  rise  a  little  way  above  its  suiface     \  is  an 
armature  of  iron  which  is  atti  u  t.  ]  '       i  i    t'     ,    ' 
of  the  magnet  whenever  an  i 
lating  in  the  coils,  c  c,  and  i^ 
a  weighted  le\er  ll'  as  somi  .i-  i  i 

rupled.  Tbe  lever  ll'  is  attached  at  right  angh  s  to 
a  shoit  axis,  the  extremities  of  which  move  in  two 
brackets,  so  as  to  rai.se  the  lever  a  little  way  above  the 


time  the  detent  is  locked,  the 
we  supposed  to  have  swung 
back  into  the  vertical  by  the 
'1 1  by  its  momentum  is  carried 
iikfu  at  I ;  M  ceases  to  be  a 
magnet;  xw-  w  :_i::  w  fidls  down  and  raises  the 
armature  a  froui  tlie  magnet,  leaving  e'  free  to  fall 
when  E  is  uidocked  at  d.  Meanwhile  the  pendulum 
goes  on  swinging  to  the  left,  and  soon  causes  the 
banking  screw  t  to  strike  against  the  discharging 
pallet  d'  and  unlock  the  detent :  the  arm  or  lever  s. 
thereupon  falls  down  upon  the  impidse  pallet  r,  and 
gives  the  pendtili  m  its  impulse  back  again  from  left 
to  right  with  a  foiee  just  sufficient  for  it  to  continue 
its  vibration.  1  hus  it  \\  ill  be  seen  that  the  periodical 
falling  of  the  spring  e  e'  gives  the  impulse  to  the  pen- 
duhini  fmni  hft  to  light;  tliat  the  making  contact 
whil,-  111  1  '    II    ^  ,'   r        -'     las   '     ,n\ctof 

anotl  1  liim  to 

the  1.  i'         •  1  .      ,,     i_  ,i         'sEi.' 

to  make  nnoila'i  i  ill.  In  tlii^  w.iy  the  artion  juoceeds, 
the  electro-magnet  being  used  for  the  sole  purpose  of 
restoring  the  spring  to  the  position  shown  in  Fig. 
1185  ;  it  evidently  does  not  matter  how  much  the 
magnet  m  may  vary  in  intensity  provided  it  be  not 
too  weak  to  pull  down  the  armature  a,  and  it  is  an 
ad\anfagp  to  employ  an  excess  of  magnetic  power  iu 
ii    , .  I  r  till-  kind. 

I  '  i  move  the  clock  tiain  and  the  bands 

1   _    1       I   (.n  the  dial  plate,  theie  aie  a  pair  of 

1        t     'iig  into  the  teeth  of  the  escape-wheel 

at  riglit  angles,  to  which  are  fixed  two  or  more  bar 

magnets  b  b.     Immediately  under  or  over  each  of  the 


lich  ' 


:  v.m.  11 


refer,  this  tiguie  ic- 
presentiug  on  a 
larger  scale  similar 
parts  of  Fig.  list. 
(In  this  figure,  Iiom  - 
ever,  L  should  be  l'.) 
E  e'  is  called  the 
impulse  spring,  and 


magnet.     Now  the 
i?;^.  1185.  action  is  as  follows: 

— Supposing  the  pendulum  to  have  swung  to  the  right 
by  a  force  wliich  we  will  explain  presently,  it  touches 
the  insulating  spring  i  and  closes  the  circuit ;  where- 
upon M  becoming  magnetised  by  the  passage  of  a 
current  through  c  c,  the  armature  A  is  attracted  down, 
the  effect  of  -n  hieh  is  to  move  the  weight  w  up,  and 
in  doing  so  it  will  raise  the  arm  e'  of  the  spring  or 
right-angled  lever  e  e',  wliich  moves  upon  a  centre  at 
its  right  angle,  and  m  doing  so  will  lock  another  riglit- 
anpled  lever  D  p',  lea\inu  it  in  the  position  shown  in 


poles  of  these  bar  magnets  is  the  pole  of  an  electro- 
magnet MM.  These  electro-magnets  are  caused 
alternately   to   attract   and   repel  the   bar-maguets, 
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(hereby  imparting  an  oscillating  mv/tion  to  the  pallets, 
wliieh  act  in  the  teeth  of  the  escape-wheel  e,  and 
drive  it  forward  :  the  motion  thus  produced  is  carried 
through  a  traiu  of  wheels  in  thr  n-i;:  1  v,  r.,  li. 
producing  the  electric  currents  rnii  :  i,  !  . 
springs  and  two  batteries  are  eiii|ii' 
spriugs  are  mounted  on  an  ivory  bu.ri.Ll,  '■■.c  .pii..^ 
on  each  side  of  the  pcnduluui-rod,  with  which  thuir 
points  make  contact  close  up  to  the  centre  of  motion, 
at  the  end  of  the  vibrations  of  the  penilulnm  each 

tlicse  springs,  so  that  the  circuit,  of  varli  liallci'v  >.li,ill 
be  in  a  contrary  direction  to  tlic  other 
as  the  pcudulum  vibrates  In  llie  lij 
the  circuit  of  one  b:i;ir,  \  -,    i  !i     ,  :. 

through  the  coils  of  lli . 

one  oscillation  of  the  1  l:- 
vihration  of  the  pcndiilun:.  i:  ]..■,'.,■ 
opposite  spring,  the  battery  in  com 
being  arranged  in  a  contrary  direct  io 
the  electricity  passes  through  the  coi 
magnets  in  a  contrary  direction,  can; 
oscillation  of  the  bar-magnets,  and  consequently  of 
the  pallets,  which,  operating  on  the  tci 
escape-wheel,  drive  it  forward. 


being  used  of  sueli  size,  thai 
may  be  wound  upon  them,  i 
the   batteries   is    effcetcd. 


which  has  one  pole  connected  with  the  clock-frame 
and  the  other  with  the  cods  of  the  electromagnet. 
K(jw,  the  only  break  which  exists  in  this  circuit  is  at 

'   .1  .  '.  iiiin  of  each  hour,  the  |i;:.:  ;  '   i  i    .    ,  i-  mi 

''' ,  llie  circuit  will  be  reiiii.  I    I  .■     ..i.  i        Tlie 

nia:,iiet  is  thus  rendered  active,  ana  h;,  u.-,  .anaLiiuu 
draws  down  the  armature.  The  armature  is  situated 
at  one  end  of  a  lever,  the  other  end  of  which  carries 
a  detent,  which  is  received  into  the  notches  of  the 


"\V!lrl, 


'u  down  (in 
It  cry  is 


M|^rllll^. 

,.!.     •  .■    ■':,    ,,..1   ,  1    ,  ,.',        ,        -1.,.  .IHrnt  is  drawn 

ilnpl.'ir- 

•  v   ,  1    •  ,•         r,    .  ,:   ,'..    ;,:,      ...  ,,:■:.  left  frcc  to 

P'l-  ... 

|.  .  .'..        1 ;..    1   ...  1..;  '  :   ih.i     I    .    •  i'..)'ins  a  contact 

.  1    .:      1  :i   i^::.-    I1..1:    .1:1  .   Ii-i'    ■    .ii.  :.    :.ii'I   the   clock- 

;      ..        i        :  .".i;.   ..    1  .1..   :  .    ..L-.  which  works 

vith  this 

pleted   through   the   clock-franic    and    through   the 

former ; 

bar-magnets,  formerly  described  as  oscillatinu;  once 

3  electro- 

in  every  second,  one  end  ol  wliieli  as  it  rises  touches 

opposite 

a  stud  immediately  .nu   ;■,  .v  iI:.    ,,,,1  „f  the  other 

leutly  of 

wire  of  the  battcrv.      1                        !.Miig  therefore 

I  of  the 

rendered  active  onee  11   .                         mis,  while  the 

locking-plato  is  free,  a'.' n  n.airix    iIhmIs  and  repels 

•.■',    ...u\ 

one    end   of    a   lever,    to   which    is    attached    the 

haumier ;   the  other  end  taking  into  a  ratchet  and 

click  arrnngement,  wdiieh  allows  the  striking  to  con- 

pendulum,   while  to  reverse  the  connexion  of  one     every  hour  and  half  I 
battery,  two  springs  would  be  required,  which  would     the  kingdom. 

Tl         ,      :':    I   if  the  electro-magnetism  to  the 
SI  I..  I  rll'ected  :  the  escape,  or  seconds- 


small  pad  or  table  of  platinum,  on  which,  if  it  bi- 
sufficiently  raised,  the  pin  of  the  escape-wheel  rubs 
in  passin-.     The  arbor  also  carries  a  rigid  arm  in 

SnrI,   :,    ,..    ^:ii.,;,   Ij,,t    tl:.    ,,;:,    in    i!m-   „,  i  m  i  ,  1  e-whccl  lifts 

it   .  ■     '    I I    '.        .    '   .     I    I         :  cannot  be 

rai  .        ..  '      .1    ■        .  ...    naal  by  the 

extremity  comes  nito  contact  with  the  pin  in  the 
seconds-wheel, — an  occun-ence  which  takes  place  at  the 
hour,  the  hands  being  properly  adjusted  to  that  end. 
By  so  doing,  it  completes  the  circuit  of  a  battery. 


,  n! I, ervatory  to  another,  and  thus  test 
(■loblems  respecting  longitude,  &c. 

Un|;M,||  MM.     See  Hair. 

HUKSK-PUVVER.  A  term  introduced  by  Watt,  to 
enable  him  to  determine  what  size  of  steam-engine 
should  be  sent  to  his  customers  on  their  informing 
him  how  many  horses  they  were  accustomed  to  em- 
ploy to  do  the  requu-ed  work.  It  was  found  by 
experiment  that  the  average  force  exerted  by  the 
strongest  horses  at  one  of  the  London  breweries  was 
equal  to  33,000  lbs.  raised  1  foot  high  in  a  minute, 
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and  this  was  takeu  as  equivalent  to  1-horse-power. 
Since  tlie  time  of  Watt,  however,  the  capacity  of 
cylinder  answerable  to  a  horse-power,  and  the  pres- 
sure on  the  piston,  have  been  increased,  so  that  at  the 
present  time  a  horse-power  is  a  mere  conventional 
unit  foi  ixpussiu;,'  .i  c^  ilaln  size  of  cylinder  \\ithout 
refuLi,  .  ,  ,.,  ited.     Sec  Sie^m-e.vgixi:. 

IKlsj  M       MNG. 

HOI     I     I  ll     A. 

II\1)|,  \  I  I  -  .1  lulions  of  Mater  ^^ith  other 
Okide^.  1  iir  (  \auiplc,  \\heu  a  small  quantity  of  water 
is  poured  upon  Imie  (which  is  oxide  of  calcium),  a 
[wrtiou  of  the  water  combines  therewith,  forming 
a  bulky  white  powder,  which  is  liydrate  of  hme 
(CaO,  HO).  In  the  formation  of  hydiates  the  action 
is  often  very  irregular,  and  the  temperature  is  greatly 
raised,  as  in  the  slaking  of  lime,  the  example  just 
given.  Tlie  attraction  between  the  water  and  the 
second  body  is  often  so  strong  that  it  cannot  be  sepa- 
rated by  the  application  of  heat.  The  hydrates  of 
potash,  of  soda,  and  of  phosplioric  acid,  are  examples 
of  this  ;  so  also  is  od  of  \  itriol,  m  hich  is  a  In  diate  of 


sulphuric  acid 
HYDRAULICS.    See  Hydrostai 


indHiDi 


HYDRAULIC-PRESS.     See  H' 

HYDRIODIC  ACID.     See  Iodine. 

HYDROCHLniilC  ACID,  (IICl.  3G  5).  Tliis 
important  acid  III  1  •   i      ->''     'i       ii  acids 

or  hydracids,  win  I        ^  long 

been  known  in  t  i  ■,  of 

.ynnf  of  wit,  i.un        .,     '     ,uu  (Horn 

wtuius,  sea-salt.)  lu  ils  puic  i..i lu  it  ib  a  g.ib,  which 
may  be  formed  by  mixing  together  one  volume  of 
hydrogen  and  one  of  cliloriue,  and  exposing  the  mix- 
ture to  *1'>- I'^'it .  »'  1  ■  -l'™  tlie  gases  slowly  combine, 
and  jii    '         '        \  ^  of  hydrochloric  acid  gas ; 

but  ill  t  I  avs  of  the  sun,  the  gascs 

coml.i  I    'such   also  is   Ihr  cavc 

HvdM  I  ,1 

byli,  .  I    I   I     ,1 

tube,  I  1      I  I        1.11  ■     II  1       Mm  1,1 

diluted  \Mth  «atei  ,'  the  gab,  mIikIi  i.iubt  be  eollccttd 
over  mercury,  is  colourless ;  it  produces  a  w  hite  cloud 
or  fume  in  the  air  in  consequence  of  its  strong  alFinity 
for  moisture;  it  has  an  acid  ^'  "..fi*  ■  _  m  '  m-  and 
can  be  liquilied  umbra  ]ii  lines. 

Its  density  is  l-2i7  =  it  is  s,,  ili,it  at 

the  temperrture  of  W  tbat  li  n  I  ili~^  Im-  .ihuut 
4S0  times  its  bidk  of  the  gas.  Tiie  solution  is  pon  er- 
fully  acid. 

The  muriatic  acid  of 
composing  common  salt  with    sulphuric 
receiving  the  gas  in  water.    The  materials 
and  the  products,  may  be  stated  in  another  fori 


is  piepaied  bv  de- 
"d'aiid 
iloycd, 


water {S^'^I'^X 

Sulpl  uric  .ncici ^!.!™.2::::Xsulpb.ite  of  soi 


In  order  to  condense  the  hydrochloric  acid,  6  equiva- 
lents of  water  =  5i  are  used,  N\hioh,  added  to  the 
equivalent  of  acid  =  3G-5,  give  90  5  of  liquid  acid  : 
so  that  supposing  the  operation  were  conducted  with- 
out loss,  CO  parts  of  common  salt  will  give  71  of 
sulphate  of  soda,  and  90?  of  muriatic  acid. 

There  are  several  methods  of  preparing  the  acid  on 
a  large  scale.  In  places  where  glass  can  be  had  at 
moderate  cost  large  glass  retorts  aie  used.  The  salt 
is  first  introduced,  and  then  the  acid,  in  such  a  way, 
by  means  of  a  long  funnel,  so  as  not  to  soil  the  neck. 
The  beak  of  the  retoit  is  then  introduced  into  a 
large  globular  receiver  D,  Eig.  11S7,  from  wliich 
a  tube  passes  into  a  Woulfe's   bottle  e,"  and  tliis 


II 


is  connected  by  a  bent  tube  with  a  second  bottle,  the 
second  with  a  third,  and  so  on ;  by  which  means  the 
acid  may  be  obtained  of  different  degrees  of  purity. 
The  first  bottle,  which  contaius  no  water,  retains  the 
(2)  Woulfe's  apparatus  is  more  particulariy  described  in  ths 
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impure  portious  of  the  acid    nud  tlic  vipour  then  |      Although  hydrogen  is  of  first-rate  irnport-mce  in 

pisses,  from  it  nito  the  sponiul  (hud  and  othei  boft]rs 

the  economv  o(  nature  and  in  clicmic  il  science,  it  h  is 

which  roiitam    i     ui  ,  K     1       ,<  i    1  i   <      Inn      t 

huf  ^fl^  t    A       lb    t,  us  in  flf  lis  tid  aits    Jcihaps 

That  poiti    1     1                                                      1 

1                loijs   lie  m  whit  is 

tlOU  lU  till    1      1 

1      =^01.111,1  IM  ]    md  m 

watu      Ihi       111           1           1   111                 1 

1                1     11         1.    coppci  fmmugs  which 

so,  but  as  the  teiiipci  ituu  iim  s  less  ,  is  is  .IwuIk  .1 

11/  d      id   this  puijiosc  thcv  aie 

hence  the  condensing  vessels  should  be  kept  coi  1 

md  a  stieain  of  Indio^en  j  i  sod 
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the  laws  of  water  iu  a  state  ot  rest,  is  derived  from 
vboip,  water,  and  araros,  standing  still ;  and  the  other,  I 
which  takes  account  of  the  laws  which  regulate  water 
in  a  state  of  motion,  is  from  vScop,  and  Siivaiiis,  foicc. 
Tlie  latter  is  also  termed  Hydraulics.  1 

The  properties  of  liquids  are  always  modified  by 
the  action  of  two  forces ;  viz.  that  of  weight,  or  the 
attraction  of  gravitation,  to  which  they,  in  common 
with  matter  of  all  kinds,  are  subject ;  and,  secondly, 
molecular  attraction,  which  must  act  differently  in 
liquids  and  solids,  although  we  have  no  means  of 
determining  in  what  this  difference  consists.  We  can 
readily  form  an  idea  of  the  distinct  action  of  each  of 
these  forces,  for  we  can  imagine  a  mass  of  water 
ceasing  to  be  heavy  without  ceasing  to  be  liquid ; 
sucli  a  mass  would  neither  fall  nor  flow  when  turned 
out  of  the  vessel  containing  it,  and  indeed  it  woidd 
not  require  for  its  equilibrium  to  be  sustained  by  the 
ground,  or  even  by  a  vessel ;  and  yet  such  a  mass  of 
weightless  fluid  would  display  a  number  of  remarkable 
properties,  the  most  important  of  which  would  be 
equality  of  pressui-e  in  all  directions;  that  is  to  say, 
the  liquid  would  transmit  equally,  and  in  all  direc- 
tions, any  pressure  exerted  on  its  surface.  For  ex- 
ample, let  ah  c  def,  Pig.  1190,  be  a  vessel  contain- 
ing a  liquid  supposed  to  be  without  weight,  and  r 
a  solid  piston,  which  exactly  covers  its  surface.  If 
the  piston  be  also  without  weight,  it  is  clear  that  tlic 
liquid  experiences  no  pressure,  and  that  if  a  hole 
were  made  in  the  vessel  no  portion  of  the  liquid 
would  flow  out.  Now,  suppose  that  the  piston  be 
loaded  with  any  given  weight,  say  100  lbs ,  it  will 
of  coui-se  tend  to  sink  down  into  the  liquid,  and  it 
would  do  so  unless  the  liquid  itself  opposed  such 
a  tendency.  Wliether  the  liq\ud  be  compressible  or 
not,  the  result  is  the  same,  for  the  liquid  must  eitliu 
become  annihilated,  or  it  must  bear  up  the  weight  ; 
100  lbs.  If  we  divide  the  liquid  into  any  number  li 
layers,  the  uppermost  layer,  which  is  iu  contact  witii 
the  piston,  and  sustains  it,  also  sustains  the  whole  ol 
the  weight,  and  would  of  com-se  descend  unless  sup- 
ported by  the  layer  immediately  beneath,  which 
receives  from  the  one  above  it  as  much  pressure  as 
that  one  receives  from  the  piston.  So  also  the  second 
layer  presses  upon  the 
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of  the  100  lbs.  exactly 
as  if  the  weight  and 
]iiston    were    placed 
/iiy.  u-o.  there  instead  of  being 

transmitted  by  the  liquid.  Now,  as  this  pressui-e 
of  100  lbs.  is  borne  by  the  whole  of  the  base  of  the 
vessel,  it  is  evident  that  one-half  of  the  base  sustains 
only  50  lbs.,  and  that  one-hundredth  part  of  the  base 
sustains  only  1  lb.  We  see,  then,  from  this  illustra- 
tion, 1st,  That  the  pressure  is  transmitted  by  hori- 
zontal surfaces  from  the  top  to  the  bottom  of  the 


vessel  without  any  loss  of  effect ;  2d,  That  the  pres- 
sure is  equal  at  each  point ;  3d,  That  it  is  propor- 
tional to  the  extent  of  the  surface  under  consider- 
So  far  we  find  no  difference  between  a  liquid  and 
a  solid,  but  the  peculiar  characteristic  of  liquids  is, 
that  the  same  effects  are  produced  on  the  sides  of  the 
vessel  as  on  the  base.  If  a  lateral  opening  be  made 
in  any  direction,  as  at  a  b,  the  liquid  will  spirt  out ; 
and  if  the  opening  thus  made  be  of  the  same  size  as 
the  piston  p,  it  wUl  require  a  force  equal  to  100  lbs., 
to  prevent  tlie  water  from  spu-ting  out ;  if  this  side 
opening  be  only  one-hundredth  of  the  area  of  the 
])iston,  the  water  may  be  kept  back  with  the  force  of 
1  lb.  If  a  hole  be  made  in  the  piston,  the  liquid  will 
spirt  upwards,  proving  that  the  piston  also  sustains 
a  pressure  similar  to  that  on  the  base  and  sides  of  the 
vessel.  Indeed,  this  necessarily  arises  from  the  prin- 
ciple of  action  and  reaction.  It  wiU  be  seen  that 
liquids  transmit  equally,  and  iu  all  directions,  the 
pressures  exerted  on  any  part  of  them,  so  that  every 
surface  wiiich  they  touch  receives  (and  must  rctui-u) 
a  pressure  in'oportioned  to  its  area.  Thus,  if  the  area 
of  the  piston  p  be,  as  we  have  supposed,  100  times 
that  of  the  piston  p,  it  will  require  a  pressure  of 
100  lbs.  ou  p  to  balance  lib.  on /j.  Thus  we  have 
another  simple  machine,  like  those  connnonly  called 
MECHAKICAL  POWjiKS.  And  this  hi/drosUdic  power,  no 
less  than  the  others,  depends  on  the  principle  of  vir- 
tual velocities  [See  Mechasics]  :  for  it  is  evident 
that  if  the  piston/)  be  pushed  in  through  any  given 
distance,  the  piston  r,  which  is  100  times  larger  will 
be  thrust  out  only  tso  of  that  distance,  so  that  what- 
ever may  be  the  gain  of  power,  it  is  proem-ed  by  an 
equivalent  loss  of  motion.  Used  as  a  press  (Bramah's 
:,<"  tli'^  :  ;  ;i'liine  has  some  great  advantages  over 
.  '.  1  he  screw,  as  its  mechanical  efficacy  can 
.  M  iii'-i eased  to  almost  any  extent  without 
'.  ; :  i  ri  .mate  increase  of  friction  or  complication 
of  parts. 

Now  it  must  be  evident  that  this  property  can  be 
in  no  way  altered  by  conferrmg  weight  on  the  liquids 
under  consideration,  except  that  additional  forces 
arising  from  the  mutual  weight  and  pressure  of  the 
particles  have  to  be  taken  into  account.  Whence  it 
follows,  that  in  order  for  a  liquid  to  be  in  equilibrium, 
two  conditions  are  necessary ;  first,  every  point  of  its 
surface  must  be  perpendicular  or  normal  to  the  force 
which  acts  upon  it;  and,  secondly,  each  individual 
particle  of  the  liquid  must  experience  equal  pressures 
in  all  directions. 

With  respect  to  the  first  condition  ot  equilibrium, 
let  us  suppose  that  the  sui-face  is  not  perpendicular 
to  the  force  which  acts  upon  the  liquid  particles ;  that 
this  surface  follows  the  direction  a  c  d  e.  Fig.  1191, 
while  the  force  acts  in  the  direction  of  the  vertical 
lines  V  v.  In  such  case  a  horizontal  layer  h  (?must 
be  pressed  by  the  weight  of  aR  the  particles  above 
it ;  and  this  pressure  being,  as  we  have  seen,  trans- 
mitted laterally,  the  molecule  d,  for  example,  woiJd 
be  thrust  out  by  this  lateral  pressure,  since  there  is 
no  counterbalancing  pressui-e  on  the  opposite  side ;  it 
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Tlio  pressure,  then,  upon  a  given  surface,  is  the  j 
^aiuc,  whether  it  face  upwards  or  downwards ;  and 
may  also  be  proved  to  be  the  same  iu  wliaii  \  n  dilu- 
tion it  be  tunicd,  provided  its  cendr 
remain  at  the  same  depth  below  llic  li.|i;'  i  ;  ;  .<  .  . 
fur  this  pressure  is  equal  to  tlic  wriylii  •  I       •   ■    ■  n, 

iuch.  At  2  feet  depth  it  "is  about  1  lb.  At  3  feet  = 
1  i  lb.  At  4  feet  =  2  lbs.  At  5  feet  =  2^  lbs.  In 
a  cubical  vessel  full  of  a  liquid,  the  pressure  on  any 
line  side  is  equal  to  one-half  the  pressure  on  the  base; 
for  tlie  bottom  sustains  a  pressure  equal  to  the  whole 
weiglit  of  tlie  fluid,  aud  the  pressui'e  sustained  by 
each  side  is  equal  to  the  weiglit  of  a  mass  as  loiiq- 
and  broad  as  that  surface,  and  as  deep  ■.\>  'n -■  <  ■  r  ■, 
and,  consequently,  equal  to  half  the  coni:  :     ' 

vessel.  Hence  we  get  the  remarkable  ri  : 
a  cubical  vessel,  a  liquid  produces  a  total  ainuuu!  ui 
pressure  3  times  as  great  as  its  own  weiglit;  fur  if 
tliis  equal  1,  aud  the  pressure  upon  each  of  the  4  sides 
be  equal  to  half  tliat  upon  tlic  base,  then  4X5  =  2 
and  2  +  1=  3. 

Li  any  surface  which  sustains  the  pressure  of  a 
mass  of  fluid,  there  is  a  point  called  the  ceiilre  of  pres- 
sure, at  which  the  whole  pressure  of  tiie  mass  may  be 
conceived  to  act,  and  to  which,  if  a  single  sufficient 
force  were  ajjplied,  the  mass  of  fluid  would  be  sup- 
ported, and  the  surface  kept  at  rest.  In  any  vertical 
surface  extcnduig  to  the  top  of  the  fluid,  this  point  is 
at  one-third  the  depth  of  the  fluid  from  the  bottom, 
aud  at  the  middle  of  the  breadth  of  the  surface.  The 
determination  of  this  point  is  of  the  highest  import- 
ance ia  -ill  works  made  to  resist  fluid  pressure 

^\  heu  a  nuinbci  oi  \cssl1s  communicate  with  each 


I  be  t 


L  fom 


I  thes' 


Ills  cf  equibl  iiuui  applj  to  the  fluid  cont  lined  1 1 
1  as  to  1  "-mgle  vessel  In  the  first  pi  ice  tlie 
CCS  of  the  fluid  m  the  \essels  aie  all  letcl ,  and, 
11\  they  lie  lU  at  the  same  /eie/,  piovided  the 
11 11 1 1)  1  sc  1  1  lius,  on  filling  the  hrgo  ves  1 1 
A  with   M  ita 


othci  fluid    : 


pies 


the  side  tube  i  cai 
(he  bottom,  ei  1 
to  tlie  aien,  of  the 
tube  X  by  the 
hei^lit,  X  by  the 
ibity  of  the  fluid, 


fjl  cock  c,  I 
ascend  mto  th 

because  the  -n 
pi  esses  upon 
the  s'       ■ 


it 


qei 


gthe 


fluid  to 

'^nnll  vessel  b  until  it  attains  the 
n  hen  eqmhbimm  vi  ill  be  estabhshed, 
1  in  A  IS  w  ell  as  the  water  m  b, 
sane  space  at  c,  aud  both  aie  of 


If  fluids   ot    duTcieut    densities,   such   as   w  itci 
iiid  meicuiy,  be  made  to  commuiucate,  the  height  to 


u  the  limbs  of  a  vessel  such  a.' 

c   respectively  in   the  inverse 

If  the  bead  be  .  r-i 


to  \rA: 


cl  ii 


curybemglB^tii.  -   'ri-. 

It  matters  not  Iha-  y,  ,i  i  i    .  ■ .  ii,:iy 

be  the  two  branchLi  ui  i.x  Uib.  .  i;  llie 
experiment  be  rei)jated  in  such  an  ap- 
paratus as  Pig.  1196,  the  result  will  be 
the  same,  whether  the  mercury  be  in  A 
or  in  B ;  the  whole  height  of  water  will 
always  be  13'6  times  that  of  the  higher 
mercurial  level  above  the  lower.  •''■»•  ""• 

Tl'.e  demilies  or  specific  (jrwoities  of  difi'ereut  bodies 
'  usually  compared  with  water  as  a  standard,  ou 
!  '  is  sometimes  called  Wis,  principle  of  Archimedes, 
\  .  rly,  that  when  a  solid  is  immersed  in  a  fluid,  it 
d;o|ilaecs  a  quantify  of  the  fluid  exactly  equal  to  its 
own  biJk.  If  the  qu.autity  of  fluid  thus  displaced 
be  lighter  than  the  solid,  the  solid  will  sink  in  the 
fluid ;  if  it  be  of  the  same  weiglit,  it  will  rest  indif- 
ferently in  any  part  of  the  fluid ;  if  heavier,  it  will 
float  in  such  a  manner  as  to  displace  only  as  much 
fluid  as  may  equal  its  own  iceight.  But  coiiflniug  our 
attention  to  the  first  case  (of  a  body  that  sinks),  the 
body  thus  immci-sn!  \\\  I'l'  \\:\.\  :ii-!i,i,i  nil\  loses  a 
portiou  of  its  wci-      •  :     i    iic  fluid 

displaced,  as  tlir   i  -    ■,'■  •    [ivovc. 

A  solid  cylinder  of  li..|:,^  .  .s,  li,.  ii'J;,  l\.;l:1v  lilting 
into  a  hoUow  cylinder  c  of  the  same  material,  are  both 
suspended  from  an  arm  of  a  balance,  and  brought  into 
_  equilibriiun       by 
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On  fiUjig  up  this 
"hss  with  water 
s  r      ilt.ly 
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II  ^  i,ht  m  the  cvbndei  s  Now  on 
1  ling  up  the  hollow  cjlmdti  c  with 
w  del,  the  b dance  is  lestoicd  lie 
fluid  suppoit  which  IS  gncn  to  s  is 
■^  '  ""''  reiicicnted  by  the  weiglt  of  the 
\i  tti  in  c  lequued  to  lestoie  the  equilibimm  of  tl  s 
b  ilanee ,  and  as  s  exactly  fits  uito  c  the  bulk  of 
watei  pouied  into  c  must  be  exactly  equal  to  that 
tbsplaced  bv  s  And  this  would  be  tine,  whatcvci 
might  be  the  miteinl  of  s,  whethei  gold  oi  coik 
If  itwi,ie  coik,  it  woidd  appeal  to  lose  moie  than 
its  whole  weight,  oi  to  acqniie,  when  imnieised  a 
levity  or  upwaid  tendency,  which,  howevei,  is  still 
found  to  beneutialized,  and  its  exact  weight  lestoied. 
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by  filling  c.  It  is  scarcely  necessary  to  observe,  that 
all  apparent  instances  of  a  tendency  the  reverse  of 
gravity,  as  in  smoke,  balloons,  &c.,  are  only  effects 
of  this  kind  depending  on  the  pressure  of  the  sur- 
rounding fluid,  which  must  be  denser  than  the  rising 

The  method  of  taking  the  specific  gravities  of  bodies 
is  described  under  GRiviTy  SPECiric.  When  a  body 
Jkatsosi.  a  fluid,  it  displaces  a  quantity  equal  in  tcelyhi 
to  itself ;  when  it  sinks,  it  displaces  a  quantity  equal 
in  bulk.  Hence  the  conditions  of  equilibrium  in 
floating  bodies  are  two  :  — 1st.  That  the  portion 
immersed  -.  the  whole  bulk  : :  the  density  of  the  solid 
-.  that  of  the  flidd.  2d.  That  the  centre  of  gravity 
of  the  solid,  and  that  of  the  fluid  displaced,  are  in  the 
same  vertical  line.  The  equilibrium,  however,  may 
be  stable  or  unstable ;  and  if  stable,  the  body  will, 
on  being  disturbed,  return  to  its  former  position  by  a 
number  of  oscUlatious  which  are  isochronous,  like 
those  of  the  pendulum;  and  their  times  depend  on 
the  position  of  a  point  called  the  mcfacentrc,  which 
has  the  properties  of  the  point  of  suspension  in  pen- 
dulums. Wlien  the  metaceutrc  is  lower  than  the 
centre  of  gravity  of  the  whole  body,  the  equilibrium 
is  unstable  ;  otherwise  it  is  stable. 

The  principles  which  regulate  the  motions  of  fluids 
constitute  the  science  of  Hydrodynamics  oxH^drauli^< 
This  subject  is  one  of  great  complexity,  on  account  of 
the  facility  with  which  a  fluid  mass  is  set  in  motion 
by  the  distm-banee  of  a  few  only  of  its  particles ;  and 
the  resulting  motions  are  modified,  either  iu  their 
velocity  or  in  their  dureotion,  by  so  many  causes,  that 
it  is  difficult  to  anticipate  or  explain  the  various 
phenomena  wliich  arise.  There  are,  however,  iu 
this  science  certain  fundamental  laws  which  go  far  to 
generalize  the  phenomena. 

The  sides  of  a  vessel  containing  a  fluid  are  subject 
to  two  opposite  forces — one  arising  from  the  hydro- 
static pressure  of  the  fluid,  kuding  to  burst  the 
vessel  outwards;  the  otln  r.  I'lum  ilir  ;ii nmspherie 
pressure,  or  that  of  any  "i  n.iunding 

the  vessel,  tending  to  bui>i  "n    ..     -  :  I..  If  an 

opening  be  made  in  the  si.lr   .1  I, :;-r  ,1  ;;.,   vessel,  the 
liquid  will  flow  out,  provided  the  uiteri'ir  pressure  be 
greater  than  the  exterior.     In  the  common  trick  of 
covermg  a  glass  quite  full  of  water  with  a  piece  of 
paper,  and  inverting  the  glass  without  spilling  the 
water,  the  atmospheric  pressure  is  greater  than  that  of 
the  water,  and  would  contmue  to  be  so  if  the  gla 
were  33  feet  in  depth.     K  the  mouth  of  the  glass  1 
small,  as  in  a  narrow-necked  phial,  no  paper  need  1 
used,  for,  on  inverting  it,  the  pressure  of  the  aii-  < 
the  mobile  but  narrow  surface  of  the  fluid  wiU  prevent 
it  from  flowing  out  without  dividing,  which  its  cohcsioi 
prevents  it  from  doing.     If  the  neck  be  enlarged,  th( 
air,  being  so  much  lighter  than  the  water,  will  force 
a  passage  up  through  it,  and  break  up  the  liquid 
column.     But  if  an  opening  be  made  in  the  top  of 
the  vessel,  the  liquid  will  flow  smoothly,  as  if  m 
were  present ;  for  the  atmospheric  pressure,  together 
with  that  of  the  fluid  within,  is  opposed  to  the  atmo- 
spheric pressure  alone  icii/ioiit ;   and  the  motion  is 


produced  by  the  difl'erenee  of  these  pressures,  viz. 
that  of  the  liquid  alone. 

In  the  examples  which  we  are  about  to  consider  of 
liquids  escaping  from  an  orifice,  the  flow  will  result 
from  excess  of  pressiU'C,  and  not  from  the  breaking 
up  of  tlie  liquid  column.  But,  in  order  that  results 
may  be  comparable,  it  is  necessary  that  the  surface 
of  the  liquid  iu  the  containing  vessel  be  maintained 
at  the  same  height  by  some  contrivance  which  shall 
add  to  the  vessel  the  same  amount  of  liquid  as  flows 
from  it.  L)  such  case,  neglecting  all  mechanical 
obstacles  arising  from  frictiou  and  other  causes,  the 
flow  of  liquids  from  orifices  in  vessels  obeys  the  force 
avitation,  and  their  motion  becomes  aoeelerated, 
according  to  the  law  of  falling  bodies.  The  ex- 
pression of  this  law,  known  as  TorricelliS  theorem,  is. 
That  particles  of  fluid,  on  escaping  from  an  orifice, 
possess  the  same  velocity  as  if  they  had  fallen  freely 
Kuo  from  a  height  equal  to  that  of  the  fluid 
surface  above  the  centre  of  the  orifice. 

All  bodies  fallmg  fronr  the  same  height  in  vacuo, 
acquire  the  same  velocity ;  but  the  flow  of  liquids 
from  an  orifice  docs  not  depend  upon  their  densities, 
but  only  on  the  depth  of  the  orifice  below  the  level 
of  the  fluid.  Mercury  and  water,  for  example,  flow 
with  the  same  velocity  when  they  escape  by  similar 
orifices  at  the  same  depth  below  their  levels ;  for 
although  the  pressure  of  the  mercury  is  13^  time 
greater  than  that  of  the  water,  it  has  13^-  times  a 
much  matter  to  move. 

The  velocities  acquired  by  falling  bodies  are  as  th' 
square  roots  of  the  heights ;  so  that  iu  order  to  pro- 
duce a  twofold  velocity,  a  fourfold  height  is  necessary, 
&o. ;  so  also  in  the  escape  of  liquids  from  an  orifice, 
the  velocities  are  as  the  square  roots  of  the  depths  of 
the  orifices  below  the  surface  of  the  fluid ;  so  that,  it 
we  wish  to  double  the  velocity  of  discharge  from  the 
same  orifice,  a  fourfold  depth  is  required ;  to  obtain 
a  threefold  velocity,  a  ninefold  pressui-e  is  necessary, 
and  so  on.  Because,  in  an  equal  time,  thrice  as 
much  matter  has  to  be  moved  with  thrice  as  much 
velocity. 

When  a  vessel  with  vertical  sides  is  allowed  to 
empty  itself  by  an  orifice  in  the  bottom,  the  quantities 
flowing  out  in  successive  equal  intervals  are  as  a 
diminishing  series  of  odd  numbers  (as  9,  7,  5,  3,  1), 
or  as  the  spaces  described  in  equal  intervals  by  a 
falling  body,  taken  hachcards. 

In  such  cases  there  forms,  after  a  certain  tune,  a 
hollow  depression  on  the  surface  immediately  over 
til  •  nri;  V  ,  t'i'  ■  ,>  iviLscs  until  it  becomes  a  cone  or 
full  ■   I       ,         Irtvest  point  of  which  is  in  the 

„,  J  .  ;  '  ,     I  llows  in  lines  directed  towards 

lliisi.;i;M  '  lit  (nurse,  the  issuing  stream  or  vein 
is  vcrlicid  if  the  orilice  is  at  the  bottom  of  the  vessel, 
or  it  describes  a  parabolic  curve  if  the  orifice  is  at  the 
side.    In  either  case  it  moulds  itself,  as  it  were,  to 
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the  form  of  the  orifice,  and  extends  to  a  considerable 
distance  before  it  scatters  and  divides  into  drops. 
Between  the  mouth  of  the  orifice  and  the  point  where 
it  begins  to  divide,  the  liquid  vein  has  a  permanent 
form,  and  a  polished  surface;  and  notwithstanding 
the  rapid  motion  of  the  liquid  particles  which  succeed 
each  other  incessantly,  the  jet  has  the  appearance  of 
a  perfectly  motionless  I'od  of  glass.  At  the  com- 
mencement of  its  course,  the  vein  is  of  the  same 
diameter  as  the  orifice,  but  for  a  short  distance  its 
diameter  grows  less,  forming  what  is  called  the  vena 
contractu,  or  contracted  vein  of  fluid,  Kg.  1199.  The 
reason  for  tlus  contraction  appears  to  be,  that  as  the 
liquid  particles  approach  the  orifice,  they  converge  to 
a  point  beyond  it,  so  that  the  liquid  column  in  escap- 
ing must  necessarily  be  narrower  or  more  contracted 
at  the  point  towards  which  the  motion  of  the  liquid 
converges,  than  it  is  either  before  it  arrives  at  that 
point,  or  after  it  has  passed  it.  The  greatest  con- 
traction of  this  fluid  vein  is  at  a  distance  from  the 
orifice  equal  to  half  its  diameter;  the  diameter  of  the 
contnctcd  poitiou  being  to  that  of  the  oiifice  as  5  7 
Hence  the  real  disehai  ge  of  fluid 

I  ilIic  disohaige,  oi  that 
h  would  take  place  if  the 
(  orifice  transmitted  fluid 
h  the  velocity  of  a  body  that 
h  id  fallen  fiom  the  suiface  It 
lb  evident  that  only  those  par- 
ticles which  aie  vertic illy  above 
the  ceiitie  of  the  orifice  can  de- 
scend through  it  in  a  straight 
line  All  others  coming  from 
the  tides  of  the  vessel  must 
01  less  inclined.  Hence  the  par- 
ticles on  the  outside  of  the  effluent  stream  are  re- 
tarded, aud  move  more  slowly  than  those  in  its  centre. 
Hence  also  arises  the  difference  between  the  mean 
velocity  of  the  escape  and  the  velocity  due  to 
gravity. 

The  division  of  the  vein  at  a  certain  distance  from 
the  orifice  is  not  produced  only  by  the  presence  of 
the  air ;  it  takes  place  in  vacuo,  and  is  the  residt  of 
the  acceleration  due  to  gravity.  The  effect  of  this 
acceleration  is  best  seen  in  a  stream  of  treacle,  which 
tapers  downwards,  because  the  flow,  or  quantity 
passing  in  a  given  time,  must  be  equal  at  all  points 
of  the  stream,  so  that  wherever  the  velociti/  is  greater 
than  at  another  point,  the  size,  or  sectional  area,  of 
tlie  stream  must  be  diminished  in  the  same  propor- 
tion. In  water,  however,  the  cohesion  is  not  of  such 
a  kind  as  to  admit  of  this  tapering ;  but  each  portion, 
when  it  has  acquired  a  certain  velocity,  tears  itself 
away  from  the  stream,  forming  a  drop,  and  leaving 
the  stream,  which  has  been  forcibly  elongated,  to 
contract  again,  till  another  drop  is  detached.  Thus 
each  drop  is  subject  during  its  fall  to  certain  periodic 
vibrations,  by  which  it  alternately  elongates  and 
ooutracts.  A  series  of  pulsations,  also,  occurs  at  the 
orifice,  the  number  of  which  is  in  the  direct  ratio  of 
the  rapidity  of  the  current,  aud  in  the  inverse  ratio 


of  the  diameter  of  the  orifice ;  they  are  often  sufli- 
ciently  rapid  to  produce  a  distinct  musical  soimd.  If 
a  note  in  unison  mth  this  be  played  on  a  musical 
instrument  at  such  a  distance  as  to  be  scarcely 
audible,  the  aerial  pulses  thus  produced  have  a  marked 
effect  on  the  vein  in  shortening  the  limpid  part. 

When  a  tube  is  added  to  the  orifice,  the  flow  is 
accelerated  if  air  be  present,  but,  in  vacuo,  no  such 
acceleration  takes  place.  The  most  remarkable  and 
useful  result,  however,  of  the  experiments  on  the 
flow  of  water  through  pipes,  is  the  discovery  that  it 
may  be  accelerated  by  merely  givuig  particular  forms 
to  the  commencement  and  termination  of  the  pipe, 
without  altering  its  general  capacity.  A  4-inch  pipe, 
of  any  length,  may  be  made  to  deliver  considerably 
more  water,  if  its  first  3  inches  and  last  yard  be 
enlarged  eonicaUy,  than  if  they  were  eyliiidiieal  like 
the  rest  of  the  pipe. 

One  of  the  most  intricate  subjects  to  which  the 
laws  of  motion  have  yet  been  applied  deductively,  is 
that  of  liquid  waves.  When  any  portion  of  a  liquid 
surface  is  raised  above  or  depressed  below  the  rest, 
we  have  already  seen.  Kg.  1191,  that  it  will  return  to 
the  general  level,  but  in  so  doing  it  acquii-es  a  velocity 
which  necessarily  carries  it  beyond  the  position  of 
equilibrium,  and  thus  produces  a  series  of  oscillations, 
which  are  communicated  in  every  direction  over  the 
liquid  surface,  each  portion  receiving  its  motion  from 
that  preceding  it,  and  therefore  arriving  at  each  phase 
of  its  oscillation  a  little  later  than  the  preceding 
portion;  whence  arises  the  appearance  of  a  form 
travelling  along  the  surface,  whicli  form  we  call  a 
leave.  Each  wave  contains,  at  any  one  moment,  par- 
ticles in  all  possible  stages  of  their  oscillation,  some 
rising,  some  falling,  some  at  the  top  of  their  range, 
some  at  the  bottom ;  aud  the  distance  from  any  row 
of  particles  to  the  next  row  that  are  in  precisely  the 
same  stage  of  their  oscillation,  is  called  the  breadth 
of  a  wave.  Now  as  these  oscillations  are  caused  by 
the  force  of  gravity,  we  may  expect  some  analogy 
between  their  laws  and  those  of  the  pendulum ;  and 
accordingly,  when  the  depth  of  the  liquid  is  disre- 
garded, or  considered  as  unlimited,  the  wave-breadth 
(like  the  pendulum-length)  varies  as  the  square  of  the 
time  of  oscillation ;  so  that  the  time  which  elapses 
between  the  arrival  of  the  crests  of  two  successive 
waves  at  a  fixed  point,  is  as  the  square  root  of  the 
distance  between  them,  or  flic  distance  which  either 
of  them  travels  over  in  the  said  time;  hence  it  is 
easy  to  see  that  their  velocity  varies  inversely  as  the 
square  root  of  their  breadth.  For  instance,  if  a 
certain  buoy  be  observed  to  rise  and  fall  twice  as 
often  as  another,  the  waves  which  pass  it  must  be 
four  times  as  broad  as  those  which  pass  the  other, 
but  as  they  travel  over  this  quadruple  distance  in 
oidy  double  the  time,  they  must  evidently  move  with 
a  double  velocity.'     When  the  water,  however,  is  so 
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shallow  that  the  waves  are  affected  by  the  form  of  the 
bottom,  the  simpUcity  of  tliese  results  gives  plaee  to 
an  extreme  degree  of  complexity.  The  use  of  these 
investigations  lies  iii  their  appUcatioa  to  the  tides, 
which  may  be  regarded  as  waves  of  moderate  height, 
but  enormous  breadth  and  velocity,  the  time  of  oscil- 
lation being  half  a  lunar  day,  and  the  velocity  some- 
thnes  1,000  miles  an  horn-. 

To  Hydi-odynamics  belongs,  also,  the  theory  of 
such  machines  for  raising  water  as  do  not  depend  ou 
atmospheric  pressure.  Such  are  the  icater-screw, 
invented  by  Ai-chimedes,  the  endless  chain  of  buckets, 
the  water-ram,  the  hydraulic  belt,  &c.  This  last- 
named  machine,  the  use  of  which  has  been  revived 
withm  a  few  years,  is  one  of  the  most  efficient  of 
water  elevators,  yet  the  most  inexpUcable  in  its 
action.  In  its  ancient  form  it  consisted  of  a  number  of 
hair-ropes,  for  which  a  band  of  flannel,  or  felt,  is  now 
substituted,  passing  over  two  rollers,  one  at  the  top, 
and  the  other  at  the  bottom  of  the  well.  By  means 
of  the  upper  roller,  it  is  set  in  very  rapid  motion, 
when  the  water  adheres  to  its  surface  in  a  layer  which 
is  thicker  the  more  rapidly  it  moves,  and  becomes 
nearly  hall'  an  inch  thick  when  the  velocity  is  1,000 
feet  per  minute.  It  follows  the  band  to  any  height, 
and  is  thrown  oif  by  centrifugal  force,  in  tui-ning  over 
the  upper  roller. 

To  this  science  also  belongs  the  application  of  the 
power  of  streams  and  waterfalls  to  useful  pui-poscs. 
The  chief  means  of  effecting  this,  are,  the  undershot 
wlieel,  the  overshot  wheel,  the  breast  wheel,  the  horizon- 
tal water-wheel,  the  ht/draulic  engine.  Barker's  mill, 
and  the  Turbine.  The  first  two  are  too  well  known 
to  require  a  description,  but  we  may  observe,  that 
the  overshot  wheel  is  always  the  most  advantageous 
where  the  height  of  the  fall  is  sufficient  to  admit  of 
its  use.  The  smallest  rUl  may  be  applied  in  this 
manner,  but  the  undershot  wheel  requires  a  con- 
siderable body  of  water.  The  breast  wheel  unites,  in 
some  measure,  the  advantages  of  both,  and  is  ap- 
plicable to  falls  of  a  medium  height,  as  it  requires 
only  a  fall  equal  to  its  radius,  and  not  to  its  diameter, 
as  is  the  case  with  the  overshot  wheel.  This  wheel 
is  formed  wilh  plain  floats,  but  the  water  enters  at 
the  level  of  its  axle,  and  descends  round  oue  quadrant 
of  its  circumference,  which  is  enclosed  for  this  purpose 
in  a  sort  of  bos  of  masonry.  The  horizontal  water- 
wheel  is  used  in  some  parts  of  Prance,  and  is  the 

ost  applicable  to  a  small  fall,  and  a  small  quantity 
;  set   diagonally,  and   may 

In  the  hydraulic  engine,  the 
pressui-e  of  a  column  of  water  is  a]ipUcd  as  the  motive 
power,  by  means  of  a  piston  and  cylinder,  Kke  those 
of  the  steam-eugine.     The  Turbine,  which  acts  on  a 


of  water.  Its  floats  a 
receive  the  water  at  o 
circumference  at  o: 


similar  principle  to  that  of  Barker's  mill,  may  be 
described  as  a  water-wheel  with  a  vertical  axis;  it 
has  hitherto  been  prineipally  used  in  France,  where 
it  has  been  brought  to  great  perfection.  It  is,  per- 
haps, the  least  wasteful  of  all  modes  of  applying  the 
power  of  a  waterfall.  It  will  be  described  more  par- 
ticularly further  on. 

In  all  water-wheels  it  is  a  constant  rule  that  the 
greatest  mechanical  effect  will  be  produced  when  the 
velocity  of  the  parts  driven  is  just  Mlf  that  of  the 
stream  driving  them ;  and  this  is  a  most  important 
principle,  applicable  also  to  the  sails  of  windmills  and 
ships,  and  the  paddles  of  steamers.  It  is  obvious 
that  the  pressure  of  the  wind  or  water  on  any  of 
these  bodies  diminishes  as  their  velocity  approaches 
that  of  the  current,  so  that  if  it  were  possible  for  a 
water-wheel  to  revolve  with  exactly  the  velocity  of 
the  stream,  there  would  be  no  pressure  on  its  floats, 
and  consequently,  no  power  to  drive  any  other  ma- 
chinery. On  the  other  hand,  the  pressure  is  at  a 
]naximum  when  the  wheel  is  standing  still,  but  then 
having  no  velocity,  it  is  also  powerless.  As  the  power 
then  is  proportional  to  the  j)roduct  of  the  pressure 
and  velocity,  it  is  greatest  when  they  have  each  their 
iiir,.;i  \:iHi.'  ri,;i!  is,  in  the  exact  medium  between 
1 1 ; '    I   '      '  -/..?>;  and  motion  with  the  current, — 

ill  I  I     i^  greatest  when  the  velocity  is 

W'  .-I  .      ,.,        r.;-     ..-..  ■     ■    :.,:,:rnifllt    of    the 

[M  .  i|  'Mi  I  ,,  >  ,,  (fur  which 
!i-  i-    .  .      ••'-  .     ...      .  ...  V  uMeehauics, 

detailed  deseriptiou  of  those  very  important  machines, 
the  hydrostatic  press  and  the  hydraulic  ram. 

HvDEOSTAiio  or  Hydraulic  rREss.-Alihough 
a  machine  of  this  kind  was  pn.jM.  r.]  i  ,  I'l  <,,1  m 
IGG-l,  it  was  not  till  1796  that  ];i  im 

overcoming  certain  difficultir-    i  .    i.    .       ;nii, 

which  will  be  esplauied  present  I'.,  i 'i;  i.i.i.i  ihc 
press  is  represented  in  Fig.  120(i,  t lie  working  i>;iiis 


of  which  are  shown  in  section  in  Fig.  1201 :  c 
is  a  massive  cylinder,  in  which  the  solid  piston  or 
plunger  p  moves  up  and  down,  carrying  at  the  top  a 
plate  A,  between  which  and  the  top  of  the  press  u, 
the  goods  or  substances  p  intended  to  be  pressed  are 
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placed.  Watei-  is  forced  into  the  cylinder  c  by  means 
of  a  piuup  r,  of  which  the  long  piston  r  is  worlied 
by  a  lever  upon  a  point  c,  aud  terminating  in  a  handle 
n,  the  piston  r  beiug  further  guided  in  its  vertical 


niotiuu  Ijy  a  ring  at  e,  in  whirli  tlie  stem  of  (lie  piston 
r  works.  At  each  up  stiokc  of  the  piston,  watei  is 
drawnx  up  from  a  reservoir  placed  beneath  tlie  pump, 
and  at  each  down-stroke,  it  is  forced  along  the  tube 
T  into  the  cylinder  c.  A  valve  v  opening  upwards 
allows  water  to  pass  up  from  the  reservoir,  but  not 
to  return  back  again;  and  another  valve  v'  opens  to 
allow  the  water  passage  along  t  into  c,  but  closes 
against  its  motion  in  the  contrary  direction. 

Now  it  is  evident  from  what  has  been  already  said, 
that  the  power  of  tliis  machine  depends  partly  on  llic 
proportion  of  the  magnitudes  of  the  two  pistons,  aud 
partly  on  the  leverage  of  the  arm  c  h.  Suppose  the 
diameter  of  the  cylinder  to  be  12  inches,  and  that  of 
tlie  piston  of  the  small  pump  or  injector  only  \  of 
an  inch,  then  the  proportions  between  the  two 
surfaces  or  ends  of  the  pistons,  will  be  as  1  to  2,301, 
so  that  a  force  apphed  to  the  small  piston  wiM  be 
midtiplied  2,304  times.  If  the  small  piston  or 
injector  be  forced  down  with  a  pressure  equal  to  20 
cwt.,  the  piston  of  the  great  cylinder  will  act 
with  a  force  equal  to  20  x  2,304  =  40,080  cwt. 
=  2,304  tons,  which  enormous  power  may  be  applied 
either  in  drawing  or  pressing  in  much  less  time  than 
the  same  could  be  produced  by  any  otlier  means. 

Now  the  diffioidty  in  constructing  this  press  before 
the  time  of  Bramah,  arose  from  tlie  leakage  of 
water  from  the  cylinder  c,  whidi,  of  course,  rendered 
the  press  useless.  Bramah  overcame  this  difficulty 
by  constructing  a  leathern  collar  l  in  such,  a  way, 
that  the  very  tendency  of  the  water  to  escape,  only 
caused  such  collar  to  fit  the  more  tightly  iu  its  place. 
To  make  this  coUar,  a  circular  disc  of  leather  is 
first  cut  out ;  and  from  this  a  second  disc  is  removed, 
80  as  to  leave  a  broad  flat  ring.  This  is  softened  by 
steeping  iu  a  liquid,  and  then  bent  and  moulded  into  a 
iS^ammmmimf^,  '^o^ar  of  the  foi-m  shown  in  scc- 
iW^HBWHWifWm  tion.  Fig.  1202,  in  which  condition 
Fig.  i2oa.  jt,  isfltted  into  a  circular  cavity  l. 

Fig.  1201,  made  for  the  purpose  in  the  cylinder  c. 
The  plunger  p  is  then  put  into  its  place,  and  it  moves 
up  and  down  with  friction  against  the  mterior  bend 
of  the  collar.     Now  it  is  evident  that  when  the  water 


is  forced  into  c,  it  will  insinuate  itself  into  the  hollow 
concavity  of  the  collar,  and  being  under  an  enormous 
pressure,  will  press  the  collar  tigtitly  into  its  place, 
and  thus  form  a  perfectly  tight  joint 

The  powci  of  this  piess  is  only  hunted  by  the 
sticngfli  of  the  cylinder  c  We  hive  ilieady  seen, 
that  11  1^'  one  of  the  tubes  of  the  Britannia 
liiliul  J  lul^t  the  oyhnder  of  one  of  the  enormous 
h\dio  title  pusses  used  foi  the  puipcp  give^iay 
rs  c  BiuDGE,  vol  1  p  21S]  Tl  1  1,  u  1  hfflcver, 
HI  Older  to  prevent  such  in  il  il  t  liiinish  the 
I  H  s&  with  a  s  ifcty  V  ;h  c  t  i  iin  I  in  d  plug 
1  1  sed  down  by  t,  weij,liti  1  lm  i 
h  \in  mFig  1203  The  sue  ol 
I  ht  w,  and  its  distance  fiom  the  | 

1  mm  aie  determined,  so  that  the 
\  il\c  sinll  not  yield  to  the  piessure       ^'^  '^'' 
of  the  liquid,  until  such  pressuie  exert  d  a  ccitain 
limit,  at  which  it  is  desucd  to  woik 

The  action  of  the  press  can  be  suspLudtd  in  a 
moment  by  means  of  the  seiewj.  Fig  1201,  the  lower 
part  of  which  plugs  up  a  channel  leading  into  the 
supply  cistern.  On  tui-niug  this  screw  one  way,  the 
water  cannot  escape,  and  the  water  raised  by  working 
the  pump-handle  n.  Fig.  1200,  is  employed  as  power 
to  raise  the  plunger  p ;  but  on  turning  the  screw  the 
other  way,  the  water  flows  back  into  the  cistern,  the 
pressure  in  c  is  instantly  relieved,  and  p  descends. 

A  press  patented  a  few  years  ago  by  Mr.  Wilson, 
exhibits  a  marked  novelty  in  being  constructed  with 
two  concentric  rams.  These  are  acted  upon  alike  by 
the  water,  but  from  the  difference  of  the  areas  of  the 
two,  the  large  or  outer  ram  always  tends  to  rise  first, 
carrymg  of  course  the  smaller  ram  with  it.  Such  a 
form  of  press  tends  much  to  economise  labour  in 
working  substances  which  may  be  pressed  in  a  case 
or  cylinder.  The  arrangement  of  parts  and  mode  of 
working,  will  be  best  understood  by  the  following 
description.  The  two  rams  a,  b,  Fig.  1204,  are 
exposed  to  tlie  same  workuig  pressm-e,  there  being 
a  hole  left  in  the  large  ram  a,  to  admit  the  water  to 
the  small  interior  ram.  The  check  rod  c,  serves  to 
stop  the  large  ram  whenever  it  has  risen  to  a  certain 
height,  while  strong  bolts  fixed  on  the  top  of  the 
water  cyluider  (but  not  shown  in  the  figure)  are 
placed  so  as  (when  pushed  in)  to  prevent  the  large 
ram  from  rising  at  all.  Leathers  of  the  usual  form  are 
applied  to  form  water-tight  joints  around  this  check 
rod,  and  also  around  both  rams.  The  oil  cylinder  n  d 
is  of  stout  cast-iron,  and  is  pierced  with  lioles  to  allow 
the  escape  of  the  oil  from  the  substance  submitted  to 
pressure  within  it.  The  top  or  head  of  the  press  e 
is  movable,  and  is,  when  in  its  place,  kept  down  by 
the  dogs  or  hinged  catches  /  f,  forming  the  ends  of 
the  press  bars  s  r.  The  mode  of  using  this  press  is 
as  follows : — The  top  e,  being  lifted  oiT  by  means  of 
a  chain  and  winch,  and  the  pumps  set  to  work,  the 
large  ram  rises  as  far  as  the  check  rod  will  allow  it, 
and  then  the  small  ram  rises  alone  to  near  the  top  of 
the  oU  cylinder.  The  water  is  then  allowed  to  escape 
slowly,  and  as  the  small  ram  first,  and  then  the  two 
rams  together,  suik,  the  charge  is  filled  into  the  cylin- 
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der  D  D,  in  the  usual  portions,  divided  by  iron  plates, 
and  mats,  or  baskets.  When  the  charge  is  complete, 
tlie  top  is  put  on,  and  the  large  ram  being  held  down 
by  the  bolts,  a  light  pressure  is  giveu  by  the  small 
ram.  to  comprtss  and  cousolidate  the  loose  charge. 


The  head  is  again  removed,  and  as  the  water  is 
allowed  to  escape  slowly  and  the  ram  to  fall,  the 
space  left  in  consequence  of  this  compression  is 
filled  or  '•  topped  up"  by  additional  charge.  Then 
all  being  ready,  the  head  is  again  put  on  and  secured 
by  the  dogs,  which  are  prevented  from  springing 
back  by  the  ring  o  G,  wedged  up  behind  them,  the 
large  ram  is  released  and  the  full  pressure  applied  and 
maintained  as  long  as  necessary.  When  this  is  com- 
pleted, the  pressure  is  slackened,  so  as  to  permit  the 
removal  of  the  head,  and  the  pumps  are  again  put  to 
work,  so  as  to  raise  at  first  the  two  rams,  and  then 
the  small  one  alone,  and  thus  lift  the  spent  charge 
out  of  the  on  cylinder.  Then  the  same  process  of 
charging,  topping  up,  and  finishing,  is  gone  over 
again  as  at  first.  The  advantage  in  this  press  arises 
from  the  capability  of  operating  upon  a  large  quantity 


of  material  in  a  long  cylinder  of  small  area,  and 
therefore  under  a  great  pressure,  while  from  the  use 
of  the  two  rams  as  described,  the  loose  charge  is 
rapidly  consolidated  by  a  first  pressure  quickly  ap- 
plied, and  the  spent  charge,  which  from  the  small 
area  of  the  oil  cylinder  eoidd  not  be  dug  out,  is 
readily  lifted  out  by  a  slow  motion,  which  allows  of 
its  easy  removal.  For  hot-pressing,  the  oil-cylinder 
may  either  be  surrounded  by  a  steam-jacket  of  iron 
plate,  or  the  entire  press  may  be  built  into  a  hot 
room,  leaving  only  the  top  of  the  oU-cylinder  open  to 
the  charging  floor  above.  The  oil  which  flows  down 
the  sides  of  the  oil-cylinder,  is  collected  in  a  tray 
placed  beneath  it,  and  conducted  by  a  shoot  or 
pipe  into  the  proper  vessel  or  resei-vou-.  The  bolts 
are  placed  in  openings  dd  s.t  the  bottom  of  the 
oil-cylinder,  which  openings  serve  also  to  give  access, 
when  needed,  to  the  leathers  of  the  two  rams.  Tor 
some  purposes,  the  large  ram  might  be  left  without 
any  hole  for  the  admission  of  the  water  to  its  interior, 
from  the  water-cylinder,  and  a  pipe,  sliding  in  a  water- 
tiglit  coUar,  might  be  made  to  convey  the  water 
dii-eotly  from  the  pumps  to  the  interior  of  the  large 
ram.  This,  then,  becomes  a  cylinder  to  the  small  ram, 
and  the  cheek  rod  and  bolts  may  be  dispensed  with,  as 
the  water  may  be  made  to  act  on  either  of  the  rams 
alone,  by  the  adjustment  of  the  cocks  in  the  supply 
pipes.  Care  must  obviously  be  taken  in  all  cases,  not 
to  apply  too  great  a  pressure  to  the  small  rani  when 
rising  alone,  for  fear  of  breaking  the  bolts  or  check 
rod  of  the  large  ram,  or  when  separate  pipes  are 
used,  for  fear  of  bursting  the  krge  ram,  if  it  is  at  all 
raised  out  of  the  cylinder. 

The  A^'ater  Ram,  or  Belier  IIydra2iliq!ie,  invented 
by  Moiitgullar,  and  improved  by  his  son,  is  one  of 
tlie  mosi.  h\m\\c  and  beautiful  of  hydraulic  machines, 
its  object  is  to  raise  water  without  the  aid  of  any 
other  force  than  that  produced  by  the  momentum  or 
moving  force  of  a  part  of  the  water  that  is  to  be 
raised ;  and  the  efi'eet  is  so  great,  that  the  machine 
appears  to  act  in  opposition  to  the  laws  of  hydro- 
static equilibrium,  for  a  moving  column  of  water  of 
small  height  is  made  to  overcome  and  move  another 
column  much  higher  than  itself. 

The  construction  and  action  of  the  water-ram  will 
be  understood  from  the  accompanying  steel  engraving, 
in  which  H  is  a  head  of  water  discharging  itself  into 
a  pipe  B,  along  which  it  flows  with  a  velocity  de- 
pending on  the  height  of  the  fall,  and  it  escapes  to 
waste  unless  prevented  at  the  orifice  c,  which  admits 
of  being  opened  or  shut  by  a  valve,  p  is  a  reservoir 
of  air,  which  is  connected  with  the  conduit  tube  b  d 
by  a  small  cylinder  abed.  In  the  bottom  of  j  is  a 
circular  orifice,  to  which  a  small  cylindrical  support 
is  adapted,  of  wliich  the  extremity  e  is  famished  with 
a  valve,  r  is  supplied  with  air  by  a  valve  s,  and 
there  is  also  a  space,  ni  n,  fuU  of  air.  g  a  is  an 
ascent  tube,  rising  into  a  cistern  at  the  top  of  the 
house,  or  to  any  considerable  elevation  where  a 
supply  of  water  is  required.  The  pipe  b  d,  through 
which  the  water  runs,  is  called  the  body  of  the  ram  ; 
the  pipe  g  h,  the  tube  of  ascension ;  c  is  the  slojipaffe 
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valve;  and  E  tlie  ascension  valve.  These  valves  are 
hollow  globes  weighmg  about  double  the  weight  of 
water  which  they  displace,  and  over  each  is  a  metal 
bridle  to  prevent  it  from  rising  too  high.  The  ex- 
tremity of  the  body  c,  and  the  reservoir  e,  form  what 
\%  caX[eAi\o  head  of  the  ram. 

The  action  of  the  ram  is  as  follows : — The  water 
escaping  through  c  with  a  velocity  due  to  the  height 
of  the  fall,  forces  the  ball  d  oxit  of  its  muzzle,  and 
raises  it  to  the  orifice  c,  which  it  immediately  stops. 
The  water  thus  suddenly  arrested  in  its  passage, 
would,  by  its  momentum,  burst  the  tube,  w 
for  the  other  valve  e,  which  is  lifted  up,  and  allows 
the  water  to  escape  into  the  reseiToir  f,  whereby  the 
ak  is  compressed,  and  by  its  spring,  forces  water  up 
the  tube  a,  just  as  water  is  forced  but  of  the  jet  by  the 
elasticity  of  the  air  in  the  air-chamber  of  a  fireengine. 
[See  PiRES,  vol.  i.  p.  662.]  The  ball  e  soon  loses 
the  velocity  imparted  to  it  by  the  stopping  of  the 
orifice  c,  and  descends  by  its  own  weight,  as  does  also 
the  ball  d,  iuto  their  first  positions ;  the  water  then 
runs  off  again  at  c,  until  its  velocity  is  sufficient  to 
raise  the  ball  D,'  when  the  orifice  is  again  closed,  and 
E  again  opened  by  the  reaction,  and  t-huS  the  effects 
are  constantly  repeated,  in  times  which  are  sensibly 
equal,  in  the  same  ram,  and  with  the  same  current. 

In  the  action  of  this  machine,  four  distinct  periods 
may  be  traced :  1,  the  water-escapes  through  the 
orifice  c,  with  a  velocity  due  to  the  fall,  and  that 
orifice  is  closed ;  2,  the  air  in  the  space  m  n  is  com- 
pressed; 3,  the  ascension-valve  is  opened,  the  air 
in  the  reservoir  compressed,  the  water  rises  in  the 
ascension-tube  g,  the  ascension-valve  e  is  shut,  as  is 
also  the  valve  b  ;  4,  the  air  compressed  in  the  second 
interval  reacts,  the  valve  d  descends  from  the  orifice, 
and  the  water,  again  acquiriag  its  velocity,  again 
produces  the  like  effects. 

It  will  be  seen  from  these  details,  that  a  very  in- 
significant pressing  column  h  h'  is  capable  of  raising 
a  very  high  ascending  column  g  a,  so  that  a  sufficient 
fall  of  water  may  be  obtained  ia  any  running  brook 
by  damming  up  its  upper  end  to  produce  the  reser- 
voir H,  and  carrying  the  pipes  B  d  down  the  channel 
of  the  stream  until  a  sufficient  fall  is  obtained.  A 
considerable  length  of  descending  pipe  is  desirable  to 
ensure  the  action  of  the  machine,  otherwise  the 
water,  instead  of  entering  the  air-vessel,  may  be 
thrown  back  iuto  the  resen'oii-.  Air  is  admitted 
from  time  to  timainto  the  annular  space  mn,  whence 
it  finds  its  way  iuto  r. 

To  estimate  the  value  of  this  or,  mdeed,  of  any 
hydraidic  engine,  its  produce  must  be  ascertained, 
the  expense  of  its  erection,  and  that  of  keeping  it  in 
repaii-.  In  eveiy  hydraulic  engine,  the  force  expended 
is  the  product  of  the  water  as  it  comes  from  its 
source,  midtiplied  by  the  height  through  which  it  falls 
before  it  acts  on  the  machine ;  the  produce  being  the 
quantity  of  water  raised  in  the  same  time,  multiplied 
by  the  height  to  which  it  is  elevated. 

In  a  ram  placed  by  Montgolfier  in  his  garden,  the 
fall,  which  was  procured  artificially,  was  7^  feet. 
The  height  to  which  the  water  was  raised,  50  feet ; 


the  diameter  of  the  tubes  2  inches;  the  water  ex- 
pended in  4  minutes,  was  315  litres,  that  elevated 
30  Htres;  hence  the  expense  of  force  employed  is 
7J  X  315  =  2,362 ;  the  useful  force  50  x  30  =  1,500, 
which  give  the  ratio  of  100  to  64  as  the  expense  to 
the  produce.  It  appears,  however,  from  the  mean  of 
a  niunber  of  experiments,  that  the  expense  will  be  to 
the  produce  as  100:  57,  so  that  a  hydraulic  ram 
executed  with  care,  and  placed  iu  not  unfavourable 
circumstances,  employs  usefully,  at  least,   half  its 

The  younger  Montgolfier  so  far  improved  upon 
this  machine,  as  to  make  the  work  performed  amount 
to  about  60  per  cent.  The  alterations  introduced  by 
him,  are  shown  in  the  second  figure  of  the  steel 
engraving,  iu  wliich  a  is  the  feed-pipe  or  body  of  the 
ram ;  Y  the  stoppage -valve  suspended  by  a  stem  to  a 
sort  of  stirrup ;  r  the  air  reservoir,  enclosing  a  smaller 
reservoir  c,  called  the  air-matrass  ;  v  »'  are  the  ascen- 
sion-valves, and  G  the  tube  of  ascension.  The  action 
is  as  follows : — The  water  in  a  flowing  in  the  direction 
of  the  aiTOW,  soon  acquires  sufiicient  velocity  to  close 
the  valve  v,  and  to  open  the  valves  v  v',  whereby  a 
certain  quantity  of  water  enters  F,  and  passes  up  G. 
This  impulse  or  momentum  being  expended,  the  valve 
V  descends,  the  water  overflows,  and  is  carried  off  by 
a  pipe  D ;  after  which  the  same  phenomena  are  re- 
peated. Now  it  will  be  seen,  that  as  soon  as  the 
water  rises  above  the  valves  v  v',  air  is  imprisoned  in 
the  matrass  c,  and  when  the  force  of  the  water  after 
shutting  v  comes  to  expend  itself  upon  the  air-vessel 
F,  the  violence  of  the  shock,  which  is  considerable  in 
the  arrangement  shown  in  the  first  figure,  is  in  this 
case  greatly  lessened  by  the  interposition  of  c,  which 
acts  ns  a  sort  of  air-cushion;  it  also  causes  the  valves 
to  shut  witli  less  noise,  and  prevents  the  pipe  from 
undergoing  such  violent  strains.  In  short,  while  a 
much  larger  amount  of  work  is  done,  all  the  opera- 
tions take  place  vrAh.  so  much  ease,  that  the  machine 
is  less  shaken  and  put  out  of  repair  than  in  the 
former  apparatus.  When  the  force  which  opens  the 
valves  V  v',  and  compresses  the  air  in  c  is  expended, 
this  air  expands,  and  in  doing  so,  assists  the  retro- 
grade motion  of  the  water  in  the  pipe.  The  air  in  c, 
in  expanding,  has  for  a  moment  a  less  pressure  than 
the  external  air,  a  circumstance  which  is  turned  to  use- 
ful account  in  keeping  both  c  and  f  supplied  with  air, 
as  will  be  noticed  presently.  The  valves  v  v'  remain 
open  so  long  as  the  opening  pressure  exceeds  that 
which  is  exerted  upon  them  by  the  fluids  in  p.  The 
air-vessel  F  also  derives  advantage  from  the  matrass 
c,  for  as  soon  as  the  valves  v  v'  are  opened,  and  water 
enters,  compressing  the  au:  in  f,  the  water  is  not 
immediately  forced  up  the  tube  g,  but  can  accumulate 
somewhat  in  f,  and  thus  act  with  great  effect,  for  it 
is  evident  that  the  pressure  required  to  open  the 
ascension-valves,  would  be  much  greater  if  the  whole 
column  of  water  g  passed  suddenly  from  a  state  of 
rest  mto  one  of  motion  at  the  moment  the  valves 
were  opened,  and  they  would  in  such  case  also  remain 
open  a  much  shorter  time. 

One  of  the  great  defects  of  the  fire-engine,  is  the 
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absorption  of  the  air  in  the  air-chamber  by  the  water, 
which  takes  place  aU  the  more  rapidly  as  the  pressure 
is  great.  Now  the  air  in  r  becomes  dissolved  rapidly 
in  proportion  to  the  increasing  elevation  of  water  in 
tlie  aseension-tube :  wherefore  in  order  to  keep  np  a 
constant  supply,  a  small  sniftiug-valve  is  added  at  n, 
consisting  merely  of  a  tube  with  a  fine  oapillni-y  bore 
left  entirely  open.  At  the  mnnifr*  "-It-m  tin-  ■■.'•*r-y 
of  the  ram  is  relieved  from  prrs  p      li        •     >  1' 

the  air  in  c  becomes  slightly  Ir-  ;  ,  i  i  ■  !  i  iir 
outer  air,  as  ah-eady  noticed;  mii  .  i:iiri,;  !i  ,  •  ii.;ijl 
portion  of  air  ruslies  in  through  the  valve  witli  a  iiniso 
like  the  snifflinri  of  a  person's  nose,  whence  this  kind 
of  valve  is  called  a  sniftinff-^&ha.  A  portion  of  the 
air  thus  admitted  finds  its  way  through  the  valve 
V  v'  into  F,  to  supply  the  place  of  tliat  which  is 
dissolved,  and  carried  off  by  the  ascending-column. 
At  every  blow  of  the  ram,  ;.  e.  every  time  the  valve  n 
is  closed,  and  the  water  is  under  compression,  a 
small  jet  of  water  is  darted  out  of  the  snifting-valve; 
this  valve  therefore  acts  as  a  sort  of  pulse  to  the 
machine,  dr.awing  in  air  and  jetting  out  water  by 
regular  periodical  movements.  Indeed  tlie  pulsatory 
motion  of  the  ram  becomes  painfully  evident  where 
the  column  to  be  raised  is  considerable.  In  such 
case,  the  ground  over  the  pipe  is  shaken  at  every 
blow,  and  a  tremor  is  felt  in  every  room  of  the  house 
against  the  wall  of  which  the  supply-pipe  ascends. 
By  covering  this  pipe  with  felt,  the  evil  may  be  to 
a  certain  extent  mitigated,  b\it  cannot  be  entirely 
overcome.  Indeed  this  is  the  groat  objection  to  this 
otherwise  admirable  engine. 

In  the  Exhibition  of  1851  a  hydraulic  ram  was 
exhibited  in  action  by  Messrs.  Easton  &  Amos.  They 
had  also  one  in  action  in  the  yard  of  their  premises 
in  Castle  Street,  Trafalgar  Square.  They  state  in 
their  circular,  that  they  have  erected  upwards  of  500 
of  these  machines  in  different  parts  of  Great  Britain 
and  Ireland.  Persons  who  have  small  rmming  streams 
on  tlieir  estates,  and  require  water  to  be  raised  to  the 
tops  of  their  houses,  can  do  so  at  very  moderate  cost. 
These  self-acting  water-rams  will  raise  water  30  times 
the  height  of  the  waterfall  by  which  they  are  worked. 
In  giving  estimates,  the  makers  require  to  know:  — 
i.  The  number  of  feet  fall  that  can  be  obtaiiinl  it  U  <- 
spruig  or  brook  to  work  the  ram.  2.  The  i)ci|i(  i  i  i  ' 
height  from  the  lower  part  of  the  fall  to  w  i 
water  is  required  to  be  delivered.  3.  The  ,li-;  ,  . 
horizontally  from  the  spring  or  brook  to  the  lioii<-c  oi- 
premises  where  the  water  is  wanted.  If  the  spring 
or  stream  should  be  small,  it  is  desirable  to  ascertain 
how  many  gallons  flow  per  minute. 

The  Turbine,  or  horizontid  waier-irheel,  is  practically 
unknown  in  Great  Britain,  although  in  extensive  us^ 
in  France  and  Germany,  and  its  working  results  are 
so  extraordinary,  that  some  account  of  it  may  be  of 

In  order  to  understand  the  principle  of  the  turbine, 
we  must  refer  more  particularly  to  Dr.  Barker's 
mill,  shown  in  plan  and  elevation,  Eigs.  1205,  120fi. 
It  consists  of  an  upright  pipe  or  tube,  with  a  funnel- 
shaped  open  top  but  closed  at  the  lower  end,  from 


which  project  two  horizontal  pipes  or  arms,  closed  at 
the  outer  ends  and  placed  opposite  to  each  other 
at  right  angles  with  the  vertical  tube.  Near  the 
cud  of  each  horizontal  pipe,  and  on  one  side  of  it,  is  a 
round  hole,   the  two  holes  being  opposite  to  each 


other.  The  upright  pipe  is  mounted  upon  an  axis  or 
spindle,  and  is  kept  full  of  water,  which  flows  into  the 
top.  The  water  issuing  from  the  holes  on  opposite 
sides  of  the  horizontal  arms,  causes  the  machine  to 
revolve  rapidly  on  its  axis,  with  a  velocity  nearly 
equal  to  that  of  the  affluent  water,  and  with  a  force 
proportionate  to  the  liydrostatie  pressure  given  by 
the  vertical  column,  and  to  the  area  of  the  apertures : 
for  there  is  no  solid  surface  at  the  hole  on  which  the 
lateral  pressure  can  be  exerted,  while  it  acts  with  its 
fidl  force  on  the  opposite  side  of  the  arm.  This 
unbalanced  pressure  is,  according  to  Robison,  equal  to 
the  weight  of  a  column,  havinp:  the  orifice  for  its 
base,   and  twice  the  ilritli  iiri:!/r  flu-  surface  of  the 
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water  in  the  trunk  I 
tlie  height  may  aii]" 

column  reaching  from  the  surface.  But  when  it  is 
open,  the  water  issues  with  nearly  the  velocity  ac- 
quired by  falling  from  the  surface,  and  the  quantity  of 
motion  produced,  is  that  of  a  coluniu  of  twice  this 
length  moving  with  this  velocii  v.  I'n.  i  ,"1u:c11y 
produced  by  the  pressure  of  tlii   il  ,   ■        :  i  :1m  rr- 

fore  be  accompanied  by  an  i-iy.  .  i.  >  :  n,  W  Leu 
";p  iincliine,  constructed  as  in  i  i^.  UliG,  moves 
,,  !,  tlic  water  which  issues  descends  in  the  vertical 
li  ,  ,  ,111(1  then  raovmg  along  the  horizontal  arms 
,;i:i  -krs  of  the  circular  motion.  This  excites  a  ceu- 
tiilugal  force,  which  is  exerted  ;r.  ii,  I  -It  nnl,  nf  tl,c 
arms  by  the  intervention  of  ii-  I  i,     •.li.ilc 

fluid  is  subjected  to  this  prcssi 
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I'l,  ;i  liir  ;!\i-  ;  ;irid  cvcry  particle  is  pressed  with  the 
,  '    \i     :i  I  il'ugal  forces  of  all  the  sections  th;it 

;i,<  I  .  :  >  i:«   :ixis:  every  section,  therefore,  sus- 

Uim.i  :ai  actual  pressure  proportional  to  the  square  of 
its  tlistance  from  the  axis.  This  increases  the  velocity 
of  efflux,  and  this  increases  the  velocity  of  revolution; 
wliich  mutual  co-operation  would  seem  to  terminate 
in  an  infinite  velocity  of  both  motions.  But  on  the 
other  hand,  this  circular  motion  must  be  given  anew 
to  every  particle  of  water  as  it  enters  the  horizontal 
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arm.  This  can  only  be  done  by  the  motion  akeady 
in  the  arm,  and  at  its  expense.  Thus  there  must  be  a 
velocity  which  camiot  be  overpassed,  even  by  an  un- 
loaded machine.  But  it  is  also  plain,  that  by  making 
the  horizontal  arms  very  capacious,  the  motion  o£  the 
water  to  the  jet  may  be  made  very  slow,  and  much  of 
this  diminution  of  circular  motion  prevented. 

Desaguliers,  Euler,  John  Bernoulli,  and  De  la  Cour, 
have  treated  of  this  machine,  and  a  few  years  ago 
Mr.  James  Whitelaw,  of  Paisley,  took  out  a  patent 
for  improvements  in  it ;  but  the  turbine,  as  used  iu 
Prauce,  appears  to  be  the  invention  of  M.  Poumey- 
ron,  and  its  value  consists  in  its  applicability  to  falls 
of  water  so  high  or  so  low  that  an  ordinary  water- 
wheel  cannot  be  used ;  and  in  falls  of  great  height  it 
requires  little  or  no  mill  work  to  produce  the  requisite 

The  turbine  in  its    present   form  consists   of  a 
hoiizontal  water-wheel,  in  the  centre  of  whicli  1 1 
water  enters ;  diverging  from  the   centre  m   c  \ 
direction,  it  enters  a  number  of  buckets  at  once, 
escapes  at  the  circumference  or  external  penphti}  i 
the  wheel.    The  water  acts  on  the  buckets  of  the  re- 
volving-wheel, with  a  pressure  proportional  to  the 
vertical  column  or  height  of  the  fall :  and  it  is  led 
or  directed  lulo  these  buckets  by  stationary  gu  ' 
curves,  placed  upon  and  secured  to  a  fixed  plat  I 
within  the  circle  of  the  revolving  part  of  the  niacin  i 
The  efflux  of  tlie   water  is  regulated  by  a  lioll 
cyLmducal  sluice,  to  which  a  niiml'Li  uf  ^t'lp-j,  actm^ 


Fig.  1207.     SEcnoNA 


simultaneously  between  the  guide  curves,  are  fixed. 
With  this  short  cylinder  or  hoop  they  are  aU  raised 
or  lowered  together,  by  means  of  screws  communicat- 
ing with  a  regulator  or  governor,  so  that  the  opening 
of  the  sluice  and  stops  may  be  increased  or  diminished 


in  proportion  as  the  velocity  of  the  wheel  may 
require  to  be  accelerated  or  retarded.  This  cylindri- 
cal sluice  alone  might  serve  to  regulate  the  efilux.  of 
the  water,  but  the  stops  serve  to  steady  and  support 
the  guide  curves,  and  prevent  tremor. 

Fig.  1207  is  a  section  of  the  turbine,  erected  in 
1837  at  St.  Blasier,  in  the  Black  Forest  of  Baden,  and 
Fig.  1208  a  quadrant  of  the  same.  The  body  of  the 
machine  is  of  cast-iron ;  the  water-wheel  or  revolving 
part,  is  of  hammered  iron,  and  the  spindle  or  axis  e, 
of  steel;  B  is  the  cylindrical  sluice  or  regulator; 


le  w  the  stops  ;  c  the  fixed  platform  ;  x  r  the  leading 
01  guide  curves  which  conduct  and  direct  the  water 
into  the  buckets  i/i/;  D  is  the  hollow  shaft  supporting 
the  platform  c.  The  axis  of  the  water-wheel  E  makes 
from  2,200  to  2,300  i evolutions  per  minute,  and 
diives  the  machinery  of  a  cotton  mill.  The  arrow 
shows  the  direction  of  rotation.  The  foot  of  the 
spindle,  and  the  pivot  and  step  on  which  it  revolves, 
aie  tempered  to  extreme  hardness.  The  oil  pipe  at 
the  foot  of  the  pivot  is  connected  with  a  small  force- 
|mmp  or  syringe,  which,  at  regular  intervals,  injects 
a  little  oil  into  the  step  for  lubrication ;  the  pump  is 
worked  by  a  slow  motion  from  the  machinery.  The 
loot  of  the  spindle  must  be  made  hollow,  and  run 
upon  a  fixed  pivot.  The  spindle  must  never  run  in  a 
hollow  step.  The  pivot  should  be  quite  cylindrical, 
and  should  truly  fit  the  spindle  with  as  little  play  as 
possible  ;  the  top  of  the  pivot  should  be  but  slightly 
convex.  Water  and  mud  must  be  carefully  excluded, 
and  the  parts  regularly  oiled. 

This  turbine  is  moved  by  a  fall  or  column  of  water 
of  72  feet.  The  w^heel  is  of  cast-iron,  with  wrought- 
iion  buckets;  it  is  about  20  inches  in  diameter,  and 
weighs  about  105  lbs.;  it  is  said  to  be  equal  to  56 
horses'  power,  and  to  give  a  useful  effect  equal  to 
70  or  75  per  cent,  of  the  water  power  employed.  It 
is  used  for  driving  a  spinning  mill.  A  second  turbine 
at  the  same  mill  is  worked  by  a  cohunn  of  water  354 
feet  high,  wliich  is  brought  into  the  machine  by  east- 
iron  pipes  of  ICJ  inches  diameter.    The  diameter  of 


the  water-wheel  is  about  13  incaes.  and  is  said  to 
expend  a  cubic  foot  of  water  per  second,  or  probably 
more.  The  width  of  the  water-wheel  across  the  face 
is  less  than  i  inch.  It  makes  from  2,200  to  2.300 
reTolutions  per  minute,  and  on  the  end  of  the  spindle 
or  upright  shaft  of  the  turbiue,  is  a  bevelled  pinion  of 
19  teeth  working  into  2  wheels  on  the  right  and 
left,  each  of  which  has  300  teeth ;  these  give  motion 
to  the  machiuery  of  the  factory,  and  drive  8,000 
water  spmdies,  with  roving  frames,  carding  engines, 
cleansers,  and  other  accessories.  The  useful  effect  is 
reported  to  be  from  SO  to  85  per  cent,  of  the 
theoretical  water  power.  The  water  is  filtered  at  the 
reservoir  before  it  enters  the  conduit  pipes,  since  the 
apertures  of  discharge  in  the  water-wheel  are  so 
small  as  to  be  easily  obstructed.  The  water  enters 
the  buckets  in  the  direction  of  the  tangent  to  the 
last  element  of  the  guide  curves,  which  is  a  tangent 
to  the  first  element  of  the  curved  buckets.  The 
water  ought  to  press  steadily  against  the  curved 
buckets,  entering  them  witliout  shock  or  impulse, 
and  quitting  them  without  velocity,  in  order  to  ob- 
tain the  greatest  usef\il  effect ;  otherwise  a  portion  of 
the  power  of  the  water  must  be  wasted  or  expended 
without  producing  useful  eifect  on  the  wheel. 

The  general  appUoation  of  the  steam-engine  as  the 
moving  power  for  machinery,  has  to  a  great  extent 
superseded  the  use  of  water  power  in  England.  But 
there  are  many  places,  especially  in  hilly  districts, 
where  high  faUs  of  water  occur,  or  wliere  reservoirs 
could  easily  be  made,  so  as  to  ensure  a  constant 
supply,  and  where  the  height  of  the  column  may  com- 
pensate for  the  smaUness  of  its  volume.  In  such 
situations  the  high  pressure  turbine,  or  that  with  a 
lofty  column  of  water,  may  be  applied  with  advantage 
for  grinding  corn,  working  threshing  machines, 
crushing  ore,  &c.  In  other  situations,  where  a  great 
volume  of  water  rolls  with  but  little  fall,  with  a  head 
of  only  9  inches,  the  low-pressure  turbine  has  done 

In  places  where  coal  is  scarce,  but  water  abundant, 
there  is  another  engine  which  may,  with  advantage, 
take  the  place  of  the  steam-engine.  This  is  tlie 
Reciprocating  Waier-jjressiire  Eiii/ine,  a  description  of 
which  will  be  found  under  Watek  Engine  ;  to  which 
we  must  refer,  as  also  to  the  ArrENDis,  in  which  will 
be  given  some  other  interesting  applications  of  water 
power.' 

HYGROMETER.    See  EvAPOEixioN. 

HYPOCAUST.      See  Wakming  and  Ventila- 

ICE.  The  command  of  a  proper  supply  of  ice  or 
snow  for  cooling  water  or  other  liquids  in  summer 
has  long  been  regarded  as  one  of  the  necessaries  of 
life.  And  so  ancient  is  the  practice,  that  we  even 
find  allusions  to  it  in  the  Proverbs  of  Solomon ; — 


"  As  the  cold  of  snow  in  the  time  of  harvest,  so  Ls  a 
faithful  messenger  to  them  that  send  him ;  for  he  re- 
fresheth  the  soul  of  his  masters."     xxv.  13. 

Referring  to  other  authorities'  for  antiquarian 
notices  on  the  art  of  cooling  summer  drinks  and 
sweetmeats,  we  propose  to  give  a  slight  sketch  of  the 
modern  method  of  collecting  and  storing  up  ice  and 
snow,  so  as  to  afford  a  constant  supply  for  summer ; 
secondly,  to  state  the  modes  which  have  been  adopted 
for  forming  ice  artifically ;  and  thirdly,  the  methods 
of  obtaining  low  temperatures  by  the  use  of  what  are 
c^(i\  freezing  mixtures. 

The  most  simple  and  obvious  method  of  securing 
a  magazine  of  cold  to  meet  the  physical  wants  of 
summer,  is  to  collect,  during  the  winter,  a  store  of 
ice  or  of  snow,  and  to  place  it  under  such  cu-oumstances 
that  it  shaU  be  shielded  from  rain,  from  warm  ah-, 
and  from  the  direct  rays  of  the  sun. 

In  our  article  on  the  preservation  of  Food,  we 
stated  how  desirable  au  appendage  to  markets,  &c., 
would  be  an  ice-house,  for  the  pui-jjose  of  preserving 
fish,  meat,  fruit,  and  vegetables  fresh  much  longer 
than  can  be  done  by  other  means.  The  smiplest 
method  of  keeping  ice  is  by  enveloping  it  in  a  large 
quantity  of  loose  straw.  For  this  pui-posc,  the  ground 
is  formed  into  a  flattened  cone,  for  draining  off  the 
water  from  any  portion  of  the  melted  ice ;  a  layer  of 
faggots  is  then  put  therein,  with  straw  a  foot  or  more 
in  thickness,  and  on  this  the  ice  is  piled  in  a  large 
conical  mass,  and  covered  with  straw  to  the  thickness 
of  one  foot,  then  with  faggot-wood  to  the  tliickuess 
of  two  feet,  for  the  purpose  of  preserving  a  stratum 
of  air  above  and  around  the  ice;  and  lastly,  the  whole 
is  covered  with  two  or  three  feet  of  straw  arranged  as 
a  thatch.  The  ice,  thus  surrounded  with  badly  con- 
ducting materials,  may  be  kept  througliout  the  year. 
Some  recommend  as  the  best  situation  for  such  an 
ice-stack,  the  shade  of  trees,  or  \mder  a  shed  roof, 
closed  on  the  south  side,  and  open  on  the  north. 
Others  consider  the  vicinity  of  trees  to  be  objection- 
able, in  consequence  of  their  tendency  to  increase  or 
prolong  the  humidity  of  the  air.  So,  also,  others  re- 
commend an  eastern  or  south-eastern  aspect  in  pre- 
ference to  a  northern  aspect  for  the  ice-house  door,  in 
order  that  the  morning  sun  may  dissipate  moisture 
from  it. 

An  underground  ice-house  may  consist  of  a  large 
ccUar,  with  the  walls,  floor,  roof,  and  doors  hollow, 
or  double,  and  with  a  trapped  drain  to  allow  water  to 
escape  without  admittmg  the  air.  Such  ice-houses  are 
usually  in  the  shape  of  an  inverted  cone,  which  allows 
the  ice  to  form  into  compact  masses,  in  which  condi- 
tion it  retauis  the  solid  form  far  better  than  when  it 
is  loosely  piled,  and  should  any  of  the  ice  thaw  out, 
the  slipping  down  of  the  remainder  will  tend  to  keep 
the  mass  together.  But  the  construction  of  such  an 
ice-house  as  this,  is  very  costly;  and  according  to 


London,'  is  not  necessary,  for  "  a  plain  square  room 
with  double  side  walls,  say  a  foot  apart,  a  double  arch 
over,  and  a  double  floor  under,  which  can  be  built 
with  the  same  ease  as  any  common  cellar,  will,  all 
other  circumstances  being  alike  favourable,  keep  the 
ice  as  long  as  any  conical  form  whatever."  It  is  de- 
sirable to  interpose  a  layer  of  straw,  reeds,  or  chaff 
between  the  walls  and  the  ice;  and  by  a  proper 
arrangement  of  straw  and  faggots,  an  ordinary 
cellar,  if  dry,  and  well  situated,  will  serve  as  an  ice- 
house. In  some  places,  caverns  iu  limestone  rooks, 
or  excavations  with  a  long  circuitous  passage,  by  way 
of  approach,  may  be  used  for  stoi-ing  ice. 

The  only  communication  between  the  interior  of  an 
ice-house  and  the  external  air  should  be  by  means  of 
the  entrance  passage,  which  may  be  two  or  three 
yards  long,  and  be  funiishcd  with  three  or  four  doors, 
only  one  of  which  must  be  left  open  at  once.  A  por- 
tion of  the  passage  may  be  fitted  up  with  shelves,  to 
serve  as  a  pantry,  in  which  case,  four  doors  are 
necessary,  and  the  space  between  the  first  or  outer 
and  the  second  door,  and  the  space  also  between  the 
second  and  third  doors,  shoidd  be  filled  up  with  straw, 
which  may  be  conveniently  packed  up  in  large  bags, 
or  cushions,  and  suspended  from  the  ceiling.  Barley- 
straw  is  the  best,  on  account  of  its  being  very  flexible. 
The  space  between  the  third  and  fourth  doors  forms 
the  pantry,  the  temperature  of  which  may  be  reduced 
by  occasionally  leaving  the  fourth  or  innermost  door 
open  for  a  short  time.  In  some  cases,  the  body  of 
tlie  ice-house  is  fitted  with  shelves  as  a  pantry. 

The  form  of  ice-house  usually  adopted  in  this 
countiy,  frequently  fails  iu  keeping  the  ice,  from  not 
having  double  walls  and  double  or  treble  doors,  or  ' 
from  imperfect  drainage. 

Kg.  1209  is  the  ground-plan,  and  Fig.  1210  the 
section  of  an  ice-house  of  approved  construction. 
Loudon  says  that  it  will  keep  ice  thi-oughout  the 
year  in  any  climate,  if  covered  with  a  sufiicient  thick- 
ness of  earth  or  straw,     a  is  the  well  or  cellar  for  the 


passage  m  may  be  used  as  a  pantry,  as  ak-eady 
noticed.  The  natural  level  of  the  ground  is  shown 
at  n  n  ;  and  the  whole  superstructure  may  be  covered 
in  Britam  to  the  depth  of  two  or  tlu-ee  feet  with 
earth,  planted  with  ivy,  and  surrounded  with  trees. 


ice;  b  a.  drain  for  caiTying  off  the  thaw-water; 
ff  a  trap  in  this  drain,  to  prevent  the  external  air 
From  communicating  with  that  of  the  ice-house; 
and  d  a  lead  pipe  from  this  trap,  connected  with  a 
pump  at  e,  for  pumping  up  the  ice-cold  water,  for  the 
purpose  of  cooling  wines,  or  after  filtration  for 
drinking.  There  are  five  doors  to  this  ice-house,  at 
/,  ff,  h,  i,  Ic ;  and  a  vacant  space  I,  one  foot  wide, 
between  the  two  walls  surrounding  the  cellar,  and 
covering  the  inner  division  of  tlic  passage  m.    This 


In  wanner  climates  the  depth  of  earth  ought  to  be 
eight  or  ten  feet.  The  size  of  the  well  ought  also  to 
be  increased,  and  a  third  vacant  space  round  it  might 
be  desirable.  The  space  between  the  door  i  and  k 
should  be  filled  up  by  a  barley-straw  cushion,  and  it  is 
desirable  to  have  similar  cushions  against  the  doors  g 
and  h,  at  least  during  summer.  The  two  recesses  o 
and  p  may  be  increased  at  pleasure. 

In  filling  an  ice-house,  the  ice  should  be  broken 
with  mallets  or  stampers  to  a  coarse  powder,  and 
well  rammed  down  in  the  well  or  pit,  keeping  the 
upper  surface  concave,  and  adding  a  Kttle  water  from 
time  to  time,  in  order  to  fill  up  the  interstices,  and 
assist  the  congelation  of  the  whole  into  a  solid  mass. 
It  is  even  recommended  to  sprinkle  the  ice  with  salt 
water  (1  lb.  of  salt  to  every  gallon  of  water)  from  a 
common  watering-pot,  at  intervals  of  two  feet  from 
the  bottom  to  the  top  of  the  mass,  an  extia  quantity 
being  poured  on  when  the  filling  is  completed. 
The  freezing  mixture,  formed  by  1  part  salt,  and 
2  parts  pounded  ice,  wiU  sink  a  thennometer  from  tlie 
ordinary  temperature  of  a  room  to  5° ;  a  degree  of 
cold  somewhat  approaching  this  being  produced  in 
the  ice-well,  the  ice  is  so  firmly  compacted  together, 
as  to  require  a  pickaxe  to  break  it  up  the  following 
summer,  and  the  salted  ice,  according  to  Loudon, 
wiU  keep  three  times  as  long  when  exposed  to  fiie 

Snow  is  preserved  in  some  places  in  a  similar 
manner  to  ice,  by  berag  rammed  down  in  pits,  and 
well  protected  from  the  air  at  the  surface.  At 
Naples,  and  in  the  south  of  Italy,  even  the  poorest 
persons  are  accustomed,  during  the  heats  of  summer, 
to  cool  their  drink  with  snow,  which  is  collected 
from  the  Apennines,  and  stored  in  pits  dug  chiefly  on 
the  northern  side  of  the  mountains.  The  snow  is 
thrown  into  these  pits  in  broad  thick  layers,  and  weU 
pressed  together  until  a  considerable  mass  is  col- 
lected ;  the  opeiring  is  then  filled  up  with  branches  of 
trees,  dried  leaves,  or  straw;  and  iu  some  cases,  a 


rude  stone  building  is  erected  over  it.  A  few  of  the 
loftiest  summits  of  the  Apennines  rise  above  the 
snow-line,  and  are  therefore  covered  with  snow  all 
the  year  round ;  but  from  the  lower  ridges,  the  snow 
melts  away  in  summer,  and  it  is  only  by  making  a 
careful  provision  at  the  proper  season,  that  a 
supply  is  kept  up  during  the  summer.  The  lower 
down  the  mountain  the  snow-cave  is,  the  less  trouble 
in  getting  it  at  the  season  when  it  is  most  wanted, 
Ijut  Ihc  greater  the  lisk  of  its  melting  away.     The 

siiu,-ii f-r   tl;.'    ]  ■:    -i:!-!    \l.  ••  full'    1h;   carefully 
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of  cuubiderablu  thickness  will  laii  >:   -   ■    -'nit.r  n,, 

the  lower  inhabited  ridges.  An  or, i     i 

produces  general  rejoicing,  fur  n  ...  :;.  ;  !  ; 
of  collecting  snow  from  the  heiglils.  Mn,,  u.muhi, 
and  children,  rush  out  with  shovels,  baskets,  &c.,  to 
gather  in  their  suow-harvcst.  Immense  suow-balls 
are  made,  and  carefully  rolled  by  tlie  children  to  the 
caves.  The  snow-harvest  during  whiter  gives  em- 
ployment to  numbers  of  the  peasautiv ,  and  the  con 
vcyance  and  sale  of  the  same  substnnoe  in  summci  is 
also  a  source  of  constant  actlMt^  The  ( isk  rt  i  u 
veying  snow  from  the  mountain  ei\  s  ii  1  li  liilul  i 
it  in  the  various  shops  of  Nql  «l  ii  II  II  I 
article  only,  is  performed  dumu'  ll      nil  I 

are  loaded  with  the  snow  at  tli  111 

and  they  convey  it  down  the  m 
which  take  it  into  Naples  ,  the  i 
large  cool  building,  called  "Li  1> 
or,  the  snow  custom-house,  when  ut  ul  (k  deis      i  n 
from  all  parts  of  the  town,  to  get  then  supply     The 
snow-trade  is  in  the  hands  of  goveinment,  and  pro 
duces  a  considerable  revenue     Tlie  dealers  are  bound 
to  sell  the  snow  at  a  fixed  piice,  and  are  fined  it  they 
do  not  have  a  sufficient  supply      The  sno-n  shops,  of 
which  there  is  one  in  nearly  eveiy  street  in  Naples, 
are  kept  open  day  and  night  during  the  season    Snow 
is  also  collected  in  a  some\Alnt   simihi  mannei  m 
Sicily,  where  the  great  stoic  house  of  snow  is  Mount 
Etna. 

Of  late  years,  ice  has  become  an  article  of  com 
merce  between  countries  \ihcie  it  is  found  lu  abun- 
dance, and  those  where  it  is  found  scantily 
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11  Boston, 
in  the  tluii.  I  1   equcntly, 

some  of  tin     .     ..   - lied  abun 

dant  supplies.  ii.L  \\\  il  L  L  uip-rny  -nas 
formed,  and  vvc  learn  liom  the  Ill/a/,  c/fed  London 
News  some  partioulars  respecting  their  proceedings 
In  September,  1833,  a  cargo  of  lee  shipped  at 
Boston,  was  discharged  at  Calcutta,  and  sold  at  Zd. 
per  lb.  while  the  native  ice  cost  Crf.  It  was  packed 
in  lai-ge  cubes,  fittmg  closely  together  so  as  to  form 
one  solid  mass,  within  chambers  of  double  planking 
with  a  layer  of  well-dried  refuse  tan  or  bark  between 
them.  The  quantity  shipped,  was  180  tons,  of  which 
about  CO  wasted  on  the  voyage,  and  20  on  tlie 
passage  up  the  river  to  Calcutta.     Thousands  of  tons 


^-  891 

are  now  annually  shipped  from  Boston  to  our  East 
Indies,  to  the  West  Indian  Archipelago,  and  to  the 
continent  of  South  America.  The  company  have 
erected  extensive  ice-houses  in  London,  and  at  Liver- 
pool, and  have  arranged  for  importing  into  this  coun- 
try thousands  of  tons  of  ice  every  year.  The  masses 
are  so  large,  that  they  expose  a  very  small  surface  to 
the  action  of  the  air,  and  hence  they  suffer  but  very 
little  loss.  It  is  also  stated,  that  ice  frozen  upon 
deep  water  is  more  hard  and  solid  than  ice  of  the 
same  thickness  obtained  from  shallow  water,  and 
melts  more  slowly.  In  Great  Britain,  the  collection 
and  storing  of  ice  is  very  precarious,  on  account  of 
the  uncertainty  of  the  supply  during  our  mild 
'..  I'  '(  IS ;  but  in  America,  where  the  cold  of  winter  is 
I  r,  the  cutting,  storing,  ,and  transportation  of  the 
h .       legiilarly  carried  on  throughout  the  winter. 

VVeiiham  lake  occupies  an  elevated  position,  and 
lies  embosomed  in  rugged  hills.     The  lake  has  no 
outlet,  but  is  fed  by  the  springs  whicli  issue  from  the 
rocks  at  its  hottora,  at  a  depth  of  200  feet.     The  ice- 
house, which  is  capable  of  storing  30,000  tons  of  ice, 
IS  budt  of  wood,  with  double  wdls  2  feet  apait  all 
round,  the  mtcneiung  spice  being  filled  with  saw- 
dust    The  machinery  used  foi   cutting  the  ice  is 
\    lied  by  men  and  hoises       Tiom  the  timcMhui 
ll        I  liibt  fonns,  it  is  kept  free  fiom  snow  until  it 
( I     1    ononeh  to  be  cut ,  the  cutting  be  lu^'  (    m 
I     1     1  tl  e  ice  IS  a  loot  thick     A  suit  ice  if 
1  selected,  which,  it  lint  thickness, 
'  000  tons,  and  a  straight  line  is 
1  h  its  centre  flora  side  to  side  each 
•n  i\       V  sill  11  hand  plough  is  pushed  along  one  of 
until  the  gioove  is  about  3  inches  deep 
I  wide,  when  the  maikei,  Fig    1211,  is 


introduced  This  implement  is  diawn  by  2  hoiscs, 
and  makes  2  new  giooves  paiallel  with  the  hist,  21 
inches  apait,  the  gauge  remaining  m  the  oiiginal 
gioove  The  market  is  then  slutted  to  the  outside 
gioove,  and  makes  2  more  Having  diawn  these  Imes 
over  the  whole  suifaee  in  one  duectiou  the  same 
process  is  repeated  m  a  transverse  duection,  maikmg 
all  the  lee  out  into  squares  of  21  inches  ileanw  lule 
the  plough  diawn  by  a  single  horse  follows  in  these 
grooves,  and  cuts  the  ice  to  a  depth  of  6  inches.  One 
entire  range  of  blocks  is  then  sawn  out,  and  the 
remainder  are  split  off  toward  the  opening  thu.T  made 
with  an  iron  wedge,  called  an  ice  spade.  Fig  1212; 
when  it  is  dropped  into  the  groove  the  block  splits 
off  with  a  very  slight  blow,  especially  in  very  cold 
weather;  the  labour  of  spliilinffhemg  slight  or  other- 
wise according  to  the  temperature  of  the  air.     Low 
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ICE. 


platforms  are  placed  near  the  opening  made  in  tli 
ice  witli  ii-on  slides  extending  into  the  water,  and 

man  stands  on  each  side  of  a  slide 

armed  with  an  ice  hook.  Kg.  1213, 
■with  which  he  catches  the  ice,  and 
by  a  sudden  jerk  throws  it  up  the 
slide  upon  the  platform.  In  a  cold 
day  everything  is  quickly  covered 
with  ice  by  the  freezing  of  the  water 
on  the  platforms,  slides,  &c.,  and 
the  huge  blocks  of  ice,  some  of 
which  weigh  more  than  2  cwt. 
each,  are  hiirled  along  these 
slippeiy  surfaces  with  great  ease. 
By  the  side  of  the  platform  is  a 
sled  of  the  same  height,  capable  of 
h^->il  containing  about  3  tons,  which 
1  '  '  when  filled,  is  drawn  over  the  ice 
^  to  the  front  of  the  store-house, 
'^'  "■  where  a  large  stationaiy  platform  ^'9-  I2i3- 
of  the  same  height  is  ready  to  receive  its  load, 
which,  as  soon  as  discharged,  is  hoisted  a  block  at 
a  time  into  the  house. 

Forty  men,  assisted  by  1 2  horses,  will  cut  and  stow 
away  400  tons  a  day.  Sometimes  in  favourable  weather 
100  men  are  employed  at  once.  Wlien  a  thaw  or  a 
fall  of  rain  occurs,  the  ice  is  made  porous  and  opaque 
and  unfitted  for  the  market :  when  snow  is  followed 
by  rain,  and  that  by  frost,  the  snow-ice  thus  formed  is 
removed  by  the  plcim.  The  operation  of  planing  is 
somewhat  similar  to  that  of  cuttmg.  A  plane  gauge 
to  mn  in  the  grooves  made  by  the  marker,  and  which 
shaves  the  ice  to  the  depth  of  3  inches,  is  drawn  by  a 
horse,  until  the  whole  sui'face  of  the  ice  is  planed. 
The  chips  thus  produced  are  then  scraped  off,  and  if 
the  clear  ice  is  not  reached  the  process  is  repeated. 
If  this  makes  the  ice  too  thin  for  cutting,  it  is  left 
until  a  few  nights  of  hard  frost  shall  have  added  below 
as  much  as  was  removed  from  above. 

In  addition  to  filling  their  ice-houses  at  the  lake 
and  in  the  large  towns,  the  Company  till  a  large 
number  of  private  ice-houses  during  the  winter ;  all 
the  ice  for  these  purposes  being  transported  by 
railway.    [See  Appendix.] 

We  come  now  to  the  second  part  of  our  subject — 
the  production  of  ice  artificially;  the  most  ancient 
example  of  which  is  probably  that  carried  on  in  the 
upper  country,  near  the  town  of  Hoogly,  about  40 
miles  from  Calcutta.  By  a  skilful  application  of  the 
process  of  evaporation  the  natives  are  able  to  procure 
a  supply  of  ice  during  their  short  winter,  viz.  from  the 
end  of  November  to  the  middle  of  February.  The 
lade  is  a  large  open  plane  : 
e  formed,  each  about  120  feet  in 
n  width  and  2  feet  in  depth  :  the 
and  allowed  to  dry  by 
is  covered  with  bundles  of 


ground  where  the  i( 
3  or  -1  troughs  a 
length  by  20  feet  ii 
bottom  is    made    smooth    i 
exposure  to  the  s 


wto  the  depth  of  about  a  foot,  and  then  loose 
straw  b  strewed  in,  to  within  6  inches  of  the  adjoining 
land.  The  water  to  be  frozen  is  contamed  in  pans 
of  unglazcd  porous  earthenware,  very  much  like  those 
put  under  our  garden  flower-pots,  and  these  are 


arranged  in  regular  order  close  to  each  other  np<^,n 
the  loose  straw  in  rows  to  the  number  of  5  or  0,000. 
The  natives  fill  the  pans  with  soft  water  by  means  of 
small  earthen  pots,  attached  to  the  end  of  bamboo- 
rods,  long  enough  to  reach  half  way  across  the 
trough.  The  water  is  taken  from  large  water-jars 
sunk  deep  in  the  ground  near  the  pits  where  the  ice 
is  stored,  and  filled  from  the  neighbouring  pools  or 
with  drainings  from  the  ice.  The  quantity  of  water 
poured  into  each  pan  varies  from  J  to  |-  of  a  pint, 
dependmg  upon  the  clearness  of  the  sky  and  the 
steadmess  of  the  wind.  The  most  favourable  vrind 
is  from  the  xn.  w.  :  but  any  point  between  n.  and  w. 
will  do,  although  less  ice  is  produced.  If  the  wind  is 
between  E.  and  s.  no  ice  will  be  formed.  The  ice  which 
begins  to  appear  a  little  before  midnight,  is  carefully 
watched  by  persons  stationed  near  each  trough.  As 
soon  as  a  sHght  fihn  of  ice  appears,  the  contents  of 
several  pans  are  mixed  together,  and  the  freezing 
liquid  sprinkled  over  the  others.  The  freezing  con- 
tinues till  sumise,  when  perhaps  as  much  as  half  an 
inch  of  ice  will  be  found  in  each  pan.  In  very 
favom-able  nights  the  water  is  entirely  frozen.  The 
ice  is  generally  removed  by  women,  7  or  8  of  whom 
are  appointed  to  each  ice-bed :  they  use  a  blunt  semi- 
circular knife  to  scoop  out  the  ice,  which  they  throw 
together  with  any  unfrozen  water  into  earthen  vessels 
placed  near  them.  When  these  are  fuU  their  contents 
are  poured  into  conical  baskets,  placed  over  the  large 
water-jars  from  which  the  pans  are  filled ;  by  which 
means  a  supply  of  cool  water  is  collected  for  the  next 
night's  operations.  When  the  ice  has  been  sufficiently 
di-ained,  it  is  deposited  in  wells  near  the  ice-beds ; 
and  at  night  removed  to  large  circular  pits  lined  with 
mats,  and  covered  over  with  a  straw  shed.  The  heat 
of  the  day,  even  in  the  ice-making  season,  is  frequently 
greater  than  that  of  the  hottest  summer  days  of 
England,  so  that  after  all  precautions,  a  partial 
thawing  goes  on  in  the  pits.  The  water  thus  pro- 
duced is  carried  off  through  holes  in  the  bottom  of 
the  pits  to  a  deep  well,  which  also  serves  to  supply 
the  pans  in  the  ice-bed :  thus  throughout  the  process 
the  cold  is  economised  as  much  as  possible.  The  ice 
is  conveyed  in  boats  to  Calcutta  by  night.  Wlien 
the  weather  is  coldest  it  is  simply  packed  in  bags;  at 
other  tunes  in  baskets  lined  with  straw  mats,  and 
conveyed  to  the  city  before  sunrise.  During  the 
hot  season,  when  ice  is  most  needed,  it  is  scarcely 
possible  to  preserve  it  in  any  quantity,  and  the  first 
heavy  fall  of  rain  usually  melts  all  that  is  left  of  the 

The  principle  of  evaporation  has  been  commonly 
applied  in  all  ages  to  the  cooling  of  liquids.  A 
porous  vessel  which  allows  a  minute  portion  of  the 
iquid  contained  in  it  to  ooze  out  so  as  to  keep  the 
surface  constantly  moist,  gets  rid  of  this  surface 
moisture  by  converting  it  into  vapour,  which  is  being 
constantly  discharged  from  it,  and  as  the  heat  required 
for  the  formation  of  this  vapour  is  derived  from  the 
vessel  itscK  and  its  contained  liquid,  the  temperature 
of  the  latter  speedily  falls.  A  bottle  of  water  covered 
tightly  with  a  cloth  kept  wet  and  exposed  to  the 


sun  or  to  (lie  wind,  will  in  a  short  time  fall  many 
Jegrces  below  the  temperature  of  thi  an 

Sir  John  Leslie  carried  the  pi  I  iH     i      1(  Mm 

so  far  as  to  be  able  to  freeze  w   i  i  i   ^ 

by  placing  it  under  sueh  cirri  i  i  l 

it  to    form  vapour  nii'ill'-     ;    '  i    ,,.,111^   iht 

vapour  as  fast  as  it  M  \         ill  lust  speak 

of    his    method  of    1  ll    is  known 

Mater  evaporated  tioiii  the  jm  lii      lir 

Mill  become  so  saturated  as  nni   1  <  1 

evaporation,  especially  in  a  coiiliiH  i  nl 

he  theiefore  proposed  to  placL  n     t        1  1  1 

the  \essel   containing   the  licpiul,   som 
which  absoibs  moisture  with  avidity.     I> 
was  found  to  absorb  very  well;  as  also  ti  1,1  1 

compound  clays  reduced  to  a  coarse  powdu  .1...I  ili.i  J 
before  a  strong  fire;  parched  oatmeal  atts  with 
energy  as  an  absorbent,  as  also  does  muriate  of  liine. 
But  it  M  .lb  found  that  strong  sulphuric  acid  was  the 
most  poMciful  absoibcut,  continuing  for  a  long  tune 
Willi  slouly  diiiiuiibhiiig  foice  to  attract  moisture  and 
capable  of  having  its  absoibcut  powers  restored  by 
the  application  of  heat  There  aio,  hnwi  vi  1,  so  in.uiy 
and  such  powerful  objcetious  til  111  I  1  n  II  i 
use  of  so  higUy  poisonous  ami  • 
as  sidphurio  acid,  that  wc  can  1 
uor  hope  to  see.it  adopted;  but  .1  lui  |iL.u  m  i  Ijl 
of  use  in  certain  manufacturing  piocLsbcs  wc  ga\c  an 
outline  of  Sir  John  Leslie's  method.  He  says : — "  To 
cool  water  in  any  climate  or  state  of  the  atmosphere, 
we  have  only  therefore  to  put  it  <into  a  small  porous 
vessel,  presenting  on  all  sides  a  humid  surface,  and  to 
suspend  this  within  a  close  wide  cistern,  of  which  the 
bottom  is  covered  with  a  layer  of  sulphuric  acid. 
The  broad  surface  of  the  aeid  absorbing  the  moisture 
as  fast  as  it  diffuses  itself  through  the  eonflned  air, 
keeps  that  medium  constantly  at  a  point  of  extreme 
dryness,  and  thus  enables  it  to  support  with  undi- 
nuuibhed  vigour  the  process  of  evaporation."  He 
^^^ ji  — —_        recommends  the  use  of  a  cis- 

gS[|,     J^^^^     of   a  bioad  cylindrical   form, 

m^  -       nsd    '''"°"^  ■'■^  *'°  ^^  "^"^'"^^  ™  ^^' 

W  ''lifl     meter,     composed    of    dense 

5l'll   '^  '"^  ^'mJIBb  to   be   placed  in  a  cellar  or 
other  cool  place,  and  charged 
'^'  "  with    sulphuric    acid    to    the 

depth  of  about  J  inch.  A  porous  earthen  pot  being 
filled  up  to  the  lip  wiili  water,  is  set  upon  a  low 
porcelain  stand  in  the  middle  of  the  cistern,  to  which 
the  lid  or  cover  is  then  carefully  fitted.  The  cooling 
is  completed  in  from  3  to  5  hours,  when  the  water 
should  be  removed.  The  production  of  cold  is  greater 
when  the  refrigerator  is  large,  or  when  a  small  pot  is 
used,  insomuch  that  the  effect  will  be  diminished  one 
half,  if  the  humid  surface  should  equal  that  of  the 
acid.  The  power  of  the  refrigerator  is  always  the 
greatest  at  the  season  when  it  is  most  wanted ;  that 
is,  a  given  quantity  of  water  on  a  hot  day  can  be 
lowered  a  greater  number  of  degrees  than  on  a  cold  day. 
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When  the  thermometer  is  at  95°  in  the  open  air,  the 
ref  1  igerator  will  reduce  the  water  in  the  porous  \essel 
to  59°,  but  when  the  thermometer  is  at  50°  the 
water  can  be  cooled  to  32°.  By  supjilying  a  suc- 
cesbion  of  porous  earthen  pots,  the  acid  will  continue 
to  act  till  it  has  absorbed  half  its  weight  of  moisture, 
during  which  time  it  will  have  assisted  in  cooluig 
about  50  times  that  quantity  of  water  exposed  to 
evaporation.  Butter  may  also  be  kept  cool  for  the 
table  in  summer,  by  putting  it  after  being  washed 
with  water  into  a  wet  porous  pot,  and  shutting  this 
up  for  a  couple  of  hours  in  the  refrigeratory.  To 
ciK.l  wiue  biillifii  utly,  one  bottle  only  is  used  at  a 
111  h    I     I   1111,'oratory.     A  sheath  of 

I    I  \  soaked  in  water,  being 
I       I   I  111    bottle,  it  is  laid  in  a 

hiLcof  theacid,  audlcUbhiil  1      '  M    ms 

But  by  the  use  of  the  ,111  1  I  I,  in 

a  striking  rminicr,  the  absiii|ii 


iiallov 


tlish 


on  the  table  of  the  air- 

.1  glass  tripod,  a  metal 

L  cmciiiig   this  with  a 

I'll  w.iterfivbtdis- 

tlicrapuhty  of 

I  .IS  the  vapour 


the  hc.it  ucotbb.iiy  to  the  foimatiun  of  tliis  vapour  is 
derived  from  the  water  itself,  the  Latter  quickly  loses 
the  heat  necessary  to  its  existence  in  the  fluid  form, 
and  it  becomes  solid  or  freezes.  If  during  this  pro- 
cess the  bulb  of  a  thermometer  be  kept  in  the  water, 
it  will  be  observed  that  the  temperature  falls  several 
degrees  below  the  freezing  point  bifoic  roiigtlation 
tiikes  place;  but  as  soon  ab  it  li  1111     in  "2° 

in  consequence  of  the  csKipi    1       '  hluit 

heat.  Leslie  proposed  this  im  1       I  I  ino- 

curmg  ice  in  hot  climates,  nn  1     1.  ll   I  I'l    pur- 

pose a  large  single-barrel  air-pump,  capable  of  exhaust- 
ing 6  or  8  receivers  at  a  time.  Attempts  have  also 
been  made  to  form  ice  on  this  plan  on  a  large  scale, 
by  the  evaporation  of  ether  contained  in  a  separate 
vessel  under  the  same  receiver  with  the  water,  and 
to  pump  out  the  vapour  of  ether,  thus  formed,  into 
a  separate  condenser,  so  as  to  be  able,  for  the  s.ake 


to  \ 


I  the  s 


3  cthci 


ag.-iiu.  All  these  plans  h.ave  failed  in  practice  on 
account  of  the  comparatively  great  expense  and  the 
small  produce  of  ice. 

The  production  of  cold  by  freezmg  mixtuics  de- 
pends upon  the  general  law,  th.at  in  the  coum  isum  of 
a  bolid  into  a  liquid  a  quantity  of  heat,  not  iudic.iltd 
by,  or  sensible  to  the  thermometer,  is  absoibcd  or 
disappears,  which  heat  is  withdrawn  from  the  sur- 
rounding bodies.  If  the  solids  be  suddenly  or  rapidly 
liquefied,  the  absorption  of  heat,  i.  e.  the  production 
of  cold,  is  very  marked.  Thus  when  common  salt  in 
fine  powder  is  mixed  with  snow  or  pounded  ice,  these 
solids  suddenly  liquefy  and  run  down  into  brine, 
which  does  not  freeze  till  reduced  to  nearly  0°.  A 
mixture  of  ice  and  salt  is  used  by  confectioners  in  the 
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preparation  of  ices.'  A  mixture  of  about  3  parts  of 
freslily-gatlicrcd,  light,  Mocoulent  snow,  with  2  parts 
of  cliloride  of  calcium,  made  in  earthen  vessels  pre- 
viously cooled,  -will  depress  the  thermometer  from 
32°  to  between  40"  and  50"  below  zero,  a  tempera- 
ture at  which  mercury  freezes.  By  the  successive 
application  of  freezing  mixtures  in  a  proper  apparatus, 
"Walker  succeeded  in  sinking  the  spirit  thermometer 
to  — 91".  Some  of  the  most  useful  freezmg  mixtures 
are  given  m  the  following  table ; — 


Ice  and  salt  fui-nish  the  cheapest  and  most  conve- 
nient freezing  mixture;  but  where  ice  canuot  be 
procured  the  salts  mentioned  in  the  first  two  reci- 
pes given  above  may  be  used,  and  the  salts  recovered 
by  evaporation  when  they  have  served  their  pur- 
pose, so  that  they  can  be  used  over  again.  "  In 
cmployuig  them  to  cool  a  bottle  of  wine,  a  vessel 
should  be  selected  a  little  larger  and  nearly  as  tall  as 
the  bottle:  this  vessel  should  then  be  filled  with  the 
coldest  water  that  can  be  procured,  and  the  bottle 
placed  in  it :  about  4  ounces  of  the  salt  in  fine  pow- 
der should  be  sprinkled  upon  the  shoulder  of  the 
bottle,  so  as,  gradually  dissolving,  to  fall  or  run  down 
its  sides ;  as  the  salt  dissolves,  the  bottle  should  be 
gently  turned  in  the  mixture,  and  kept  in  it  till  an 
immersed  thermometer  tells  us  that  the  temperature 
is  rising,  which  will  be  in  20  minutes  or  half  an  hour." 
{Braiule.)  A  convenient  process  for  freezing  a  httle 
water,  without  the  use  of  ice,  is  to  drench  finely- 
powdered  crystals  of  sulphate  of  soda  with  the  un- 
diluted hydrochloric  acid  of  the  shops.  The  salt 
dissolves  to  a  greater  extent  in  this  acid  than  ui 
water,  and  the  temperature  may  sink  from  oO"  to  0°. 
The  vessel  in  which  the  mixture  is  made  becomes 
covered  with  hoar-frost,  and  water  in  a  tube  im- 
mersed in  the  mixture  is  speedily  frozen.  {Gralmiii.) 


ICELAND  MOSS.  Lichen  UlamUcus.  A  lichen, 
growing  freely  on  the  mountains  of  Scotland,  and 
occasionally  employed  in  invalid  diet,  to  form  a  jelly 
which  possesses  certain  tonic  and  nutritive  properties. 
In  the  sterile  island  whose  name  it  bears  it  is  how- 
ever an  important  article  of  food,  as  a  substitute  for 
wheat-flour.  It  is  washed,  dried  in  the  sun,  and 
reduced  to  powder,  by  stamping  in  strong  bags,  after 
which  it  only  requires  sifting  to  make  it  applicable  to 
the  ordinary  purposes  of  meal  or  flour.  The  plant 
consists  of  upright  leaves,  of  the  peculiar  membranous 
texture  conunon  to  lichens :  these  are  soft  and  pHant 
when  moist,  but  rigid  and  brittle  when  dry.  The 
organs  of  fructification  are  sprinkled  over  the  exterior 
surface  like  small  black  warts,  and  the  edges  of  the 
leaves  are  fringed  with  short  hairs.  The  whole  plant 
is  smooth  and  sliiny,  and  inclines  to  a  reddish  hue 
towards  the  roots. 

ICELAND  SPAR.  Transparent  erystalluie  calc 
spar,  first  brought  from  Iceland.  It  shows  double 
refraction  well. 

IGNITION,  (from  ignis,  fii-e,)  a  property  which 
bodies  possess  of  giving  out  light  whenever  their 
temperatures  arc  raised  up  to  a  certain  point.  The 
term  //<,  -     '  ,  (fi  -  in  incandesco,  to  grow  very  hot,) 

is  gen.  I  :  '        iJios  at  a  high  temperatui'e, 

which  r:    ■  ■         ,■  tlame. 

ILLI  \1 1  N  \  I  I  ( I  , ,  VKTIFICIAL.  See  Casdix 
— Lahp-Gas-ughting. 

IMPACT,  (from  in  and  pango,  to  strike,)  the  meet- 
ing of  bodies  which  are  in  motion,  whereby  such 
motion  is  modified  or  destroyed.  The  subject  is  one 
of  great  interest  in  scientific  mechanics.  The  princi- 
pal laws  of  impact  are;  1.  The  common  velocity  of 
two  non-elastic  bodies  after  impact,  when  they  both 
move  tlie  same  way  is  found  by  dividing  the  sum  of  the 
products  of  each  body  into  its  respective  velocity,  by 
the  sum  of  the  bodies ;  2.  When  the  bodies  meet 
each  other,  divide  the  difference  of  the  products  of 
each  mass  into  its  velocity,  by  the  simi  of  the  bodies, 
for  the  common  velocity  after  impact.  The  import- 
ant law  that  tne  angle  of  incidence  is  equal  to  the 
angle  of  reflection  can  also  be  jKOved  by  impact. 

IMPENETRABILITY.  The  two  necessary  and 
essential  properties  of  all  matter  are  extent  or  volume, 
and  impenetrability.  It  is  impossible  to  form  any 
conception  of  matter  without  allowing  it  some  extent, 
for  the  smallest  conceivable  speck  must  have  length, 
breadth,  and  thickness ;  and  must  therefore  occupy 
a  space  into  which  a  secoial  s|icck  cannot  possibly 
enter  until  the  first  has  moved  away  :  this  is  .ill  that 
is  meant  by  the  impenetrabihty  of  matter. 

There  are  however  certain  eases  of  apparent  pene- 
tration of  matter:  thus,  salt  may  be  dissolved  in 
water  without  increasing  the  bulk  of  the  fluid,  a  fact 
which  can  only  be  accounted  for  on  the  assumption 
that  the  matter  of  the  fluid  has  interstices  or  pores, 
„„,i  ^l,,,^  ,i,„  pTi-ticles  of  the  soUd  accommodate  them- 
1-  sand  would  do  if  mixed  with  bullets. 
Any  cause  by  virtue  of  which  velocity 
niinunicatcd  to  a  body. 

lAL'A.X  DiiSCENCE.     See  Ignition. 


INCIDENCE,  Aiisle  of.     Sec  Ueat,  Fig.  1130. 

INCLINED  PLANE.    See  Mecuanics. 

INDIAN  INK.     See  Ink. 

INDL\.N  RUBBER.    See  CAOUTcnouc. 

INDIGO.     This  valu,'il)lc   dye  is   obtaiued  from 
tropical  plan!  .  -mv.'ur^  \, IM,  and  also  cultivated  for 

dyeing  pui| \     .  ,,    ;    \merica.     In  the  13th 

century.  Ma i  r  ,  l     , ,  i  uiaiiufactui-e  of  indigo 

extensive  in  lin-,  ii  :  _;i\o  descriptions  of  the 
plants  which  yichl  the  dye,  and  their  mode  of  treat- 
ment, but  his  accounts  were  little  known  or  believed, 
so  that  long  after  the  dye  had  been  obtained  dii-eot 
from  India,  under  the  name  of  indicum,  the  most 
erroneous  notions  prevailed  as  to  its  real  nature.  At 
Halberstadt,  in  Germany,  it  was  sought  for  as  a 
mineral,  and  was  included  by  name  in  the  letters 
patent  granted  to  some  proprietors  of  mines  for  the 
erection  of  their  works. 

The  product  is  obtained  from  numerous  species  of  the 
geneval/idii/i]/'t-r<i,  Ixii/is,:aii\.Xfi-i/'„/,  but  priiiciiiallythc 
first  named.    Ih.:-  ;!,.■  /    ''  ,   -    ,•     „,  •-,■.  •  ..!  |;.  :V  A 
Malabar,ia,  >  . 
not  of  the  \>r  ■        ■    '        .  ■      ,       ;>l  i    ■       ;■        ■ 

where  it  yields  the  Guatemala-indigo :  /.  a/iil,  and 
7.  argentea,  are  other  species  yielding  good  indigo, 
the  latter  being  found  also  in  Africa :  /.  rjlauca  is  the 
species  common  to  Egypt  and  Arabia:  while  /  /  -  -  ' 
iinctorUi,  which  is  the  best  of  all,  is  culfivVi  '  i  i  ■ 
East  Indies.     Indiijofera  tindona,  as  prnj  ,  ' 

the  West  Indies,  is  described  as  having  a  im,,'  ,i!,.,iii 
a  quarter  of  an  inch  thick,  and  more  than  a  fout  long, 
having  a  faiut  smell  resembling  parsley.  From  this 
root  issues  a  short  bushy  stem  of  about  the  same 
thickness,  bard  and  woody,  not  rising  more  than  2 
feet.  The  leaves  arc  winged,  or  consist  of  several 
pail's  of  leaflets,  ranged  on  each  side  a  long  foot-stalk, 
and  having  a  terminal  leaf  at  the  extremity.  For 
about  one-third  of  its  upper  extent,  also,  the  stem  is 
laden  with  spikes  of  very  small  flowers,  destitute  of 
smell,  succeeded  by  long  crooked  brown  pods,  in- 
closing small  yellow  seeds.  Indigo  is  called  "  the 
child  of  the  sun,"  as  it  cannot  be  successfully  culti- 
vated anywhere  except  within  the  tropics.  The  In- 
cligofers,  in  common  with  other  leguminous  plants,  i 
must  be  considered  as  having  deleterious  qualities,  I 
but  in  this,  as  in  many  other  examples,  they  are  not 
sufficiently  developed  to  prove  injurious.  Some  of 
the  indigo  plants  are  used  as  fodder,  just  as  clover, 
saintfoin,  and  other  members  of  the  same  great 
natural  family  are  with  us.  Partly  on  account  of  tlie  I 
supposed  injurious  qualities  of  indigo,  but  priucipally, 
no  doubt,  through  a  jealous  apprehension  that  this  ' 
dye  would  :-ii|"  i  .<!■■  ;li<  V.niibh  woad,  it  was  de- 
nounced ill  :  '  I  i  ,  aljcth  as  a  dangerous 
drug,  aud  ail  ,  v,  I lich  remained  in  force 
until  the  tiiih  "l  i  !i.;li  II  ,  aiilhorizing  searchers  to 
bum  both  it  and  logwood  in  all  the  dye-houses  where 
they  were  discovered.  The  prejudice  against  indigo, 
both  in  England  and  France,  is  said  to  have  been 
maintained  by  the  belief  that  it  was  a  fugitive  colour, 
and  injurious  to  the  quality  of  the  wool.     After  a 
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time,  however,  when  indigo  began  to  reach  this  coun- 
try from  America  as  well  as  Asia,  aud  when  the 
French  also  brought  indigo  from  the  African  coast, 
it  gradually  took  its  place  among  the  best  dyes,  and 
has  now  long  been  recognised  as  one  of  extreme 
value,  for  which  no  worthy  substitute  can  be  found. 

In  the  eastern  mode  of  cultivating  indigo,  the 
seed  is  sown  in  March  and  April,  in  a  light  but  rich 
soil,  at  the  rate  of  twelve  pounds  of  seed  to  the  acre, 
and  the  growth  of  the  young  plants  is  so  rapid  that 
in  Jime  or  July  they  have  arrived  at  maturity,  denoted 
by  the  expansion  of  the  blossoms,  at  which  time  the 
dyeing  prmciple  is  most  abundant.  The  first  cropping 
of  the  plants  then  takes  place,  but  a  second,  thii-d, 
and  even  a  fourth  may  foUow  in  the  same  season. 
The  coloming  matter  is  obtained  from  the  whole  plant, 
citlier  by  femu  ;i  lii.-u  nf  ilir  fresh  leaves  and  stems, 
orbyiii;M>,  i  i  :-  :.:\vA  plant.  In  the  former 
case  the  In  ,'  arc  cut  off  and  brought 

in  IVoiii  ilii  lii  il,  ,;.■  hi  ,  «i  in  a  large  stone  cistern, 
\\\:  1.  i^  I'lUed  with  them  to  within  a  few  inches  of 
I  iiii.     In  order  that  they  may  not  swell  and  rise 

■1  the  vat  dui-iug  fermentation,  beams  of  wood 
aie  laid  on  them  and  braced  down  with  twigs  of 
bamboo.  Active  fermentation  soon  commences,  and 
is  revealed  by  the  frothy  bubbles  rising  to  the  surface, 
at  first  white,  then  grey-blue,  aud  at  last  deep  pm-ple, 
Hii>  M  a  copper  coloured  scum  also  spreads  around. 

I       I'  I :ntation  is  now  at  its  height,  and  the  liquor 

'  I  :  when  it  begins  to  subside  the  liquor  is 
u 1, 1.1 11  olf  into  a  lower  cistcni,  where  it  exhibits  a 
glistening  yellow  colour,  chailgiug  to  green.  Several 
men  are  then  employed  in  beating  the  liquor  with 
oars  or  shovels,  while  others  take  off  the  bamboos 
and  clear  out  the  upper  vat  of  the  waste  material, 
(which  is  dried  for  fuel,)  and  prepare  it  for  a  fresh 
charge.  The  beating  of  the  liquor  is  continued  for 
an  hour  aud  a  half ;  and  by  its  means  a  great  quantity 
of  carbonic  acid  is  disengaged,  and  the  particles  of 
indigo  get  thoroughly  exposed  to  the  atmosphere, 
and  obtain  their  requisite  supplyof  oxygen;  afterwhich 
they  agglomerate  in  flocks  or  granulations,  the  whole 
assumes  the  colour  of  Madeira  v.nir,  ;.,,a  mh  the 
cessation  of  the  beatiug,  the  imliL  :      .:     J,  s, 

leaving  the  liquor  transpareiii  W  ..  .  _  .  a  is 
precipitated,  the  clear  liquor  it  d:  >  u  •  :.  a..i  .iiuwcd 
to  riui  to  waste  in  some  spot  where  it  will  not  mingle 
with  a  brook  or  pond  frequented  by  cattle,  (on 
account  of  its  deleterious  qualities.)  A  labourer  then 
enters  thr  v  .^  'v.-r-;>=  up  \\\;-  tliirl:  rm.l  pidpy  matter, 
and  disclM  1:1:        iile  of  a  large 

boiler,  in  I"        .!;.■■  —  'in.  :     1  a  si  raiucr,  and 

heated  lo.      '    I, ..I       1;;.  I'.i     |,n),v.s  it  is  eurichcd 
the  boiler 


;r  called  t 


eb,  thro 


ipimifj 


:  t.ilso  bottom  of  woollen  Wi 

Mill' li  1!  ■  I  ii:' I  lilters.  As  long  as  it  pas: 
turbid,  it  is  pumped  back  again  into  the  receiver,  but 
when  it  nms  clear,  it  is  allowed  to  drain  through 
slowly.  The  day  following,  all  the  drained  indigo  is 
put  into  a  strong  bag  and  squeezed  in  a  press.  It  is 
then  taken  out,  cut  into  cubes  with  a  brass  wire,  and 
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placed  upon  wicker-work  slielves  to  dry.  A  whitish 
cfiloresctnce  soon  covers  the  pieces.  This  is  brushed 
off ;  but  in  some  places  the  cakes  are  fermented  by 
placing  them  in  heaps  in  a  cask  until  moisture  exudes, 
after  which  they  are  finally  covered  with  a  white 
meal.  Five  or  six  days'  drying  completes  the  process, 
and  fits  them  to  be  packed  for  exportation. 

When  the  dried  plant  is  used  instead  of  the  fresh, 
(and  this  is  said  to  be  the  better  method,)  the  indigo 
croppmgs  are  spread  in  the  sun,  like  hay,  and  when 
dried,  are  stored  in  magazines  till  a  sufficient  quantity 
is  collected  for  the  purposes  of  the  manufacture. 
Tlie  dried  plants  are  infused  in  the  steeping  vat  with 
six  times  their  bulk  of  water,  and  are  allowed  to 
macerate  for  two  hours  with  continual  stirring  till  all 
the  floating  leaves  sink.  The  fine  green  liquor  is 
then  drawn  off  into  the  second  vat,  and  beaten  as 
before.  Hot  water  is  sometimes  used  for  maceratmg 
the  plant,  but  this  does  not  appear  to  be  necessary. 

In  the  years  1859-60-61,  63,237,  77,231,  and 
83,109  cwts.  of  iudigo  were  imported  in  cubic  cakes. 
In  this  form  it  is  friable,  more  or  less  brittle,  and  of 
various  shades  of  a  peculiar  deep  blue.  When  rubbed 
with  a  hard  body  it  exhibits  a  copper-red  appearance. 
The  best  indigo  is  so  light  that  it  will  swim  upon  water. 
Its  quality  depends  upon  the  species  of  plant,  the  soil 
and  climate  in  which  it  was  grown,  and  the  details  of 
the  manufacture.  It  has  not  yet  been  determined  in 
what  form  the  indigo  exists  in  the  plant.  According 
to  Schunk's  experiments  on  woad  (Manchester  Me- 
moirs, 1855),  it  is  probable  that  a  principle  named 
by  him  Iiidicaii,  of  a  yellow  colour,  and  of  the  com- 
position C62  \li\i  NO30  ?  occurs  naturally  in  the  plants, 
and  that  it  is  from  the  decomposition  of  this  body 
that  the  indigo  is  produced. 

The  blue  colouring  matter  of  indigo  is  soluble 
neither  in  water  nor  in  alkaline  leys ;  but  by  being 
treated  by  deoxidising  agents  in  contact  with  water,  it 
takes  up  an  additional  equivalent  of  hydrogen,  and 
forms  white  indigo,  or  reduced  indigo,  which  is  soluble 
in  alkaline  leys ;  the  alkaline  solution  by  exposure  to 
the  air  absorbing  oxygen,  and  passing  into  the  form 
of  insoluble  indigo  blue.  [See  Calico  Piunting, 
-Fig.  417.] 

Thus  we  have^ 

Indigo  blue  .  Ci6H6N02=Indyl In. 

White  indigo  Cie  He  N02=  Hydride  of  indyl.  lu.H 
Isatin  ....  Ci6H5N04  =  Oxide  of  indyl.    .  In.Oa 

Schunk  found  that  woad  does  not  contain  indigo 
ready  formed,  either  blue  or  colourless ;  that  the 
indigo-producing  substance  is  soluble  in  watei- ;  and 
that  the  blue  colouring  matter  in  watery  extracts  of 
the  plant  is  neither  produced  nor  prevented  by  oxygen 
or  the  alkalies,  but  that  the  decomposition  of  the 
iudican  afforded  indigo.  By  heating  it  with  sulphuric 
or  hydrochloric  acid  it  was  decomposed,  and  indigo 
blue,  indigo  red,  and  a  kind  of  sugar,  Indiglucin, 
C12  Hio  O12,  were  formed. 

Indican  is  a  yellow,  transparent,  non-crystallisable 
substance,  very  deliquescent  and  soluble  in  alcohol, 
and  in  ether.     It  has  a  slightly  bittt 


and  when  boiled  with  caustic  alkali  gives  off  ai 
A  solution  of  indiean  becomes  bright  yellow  when 
mixed  with  alkali,  lime,  or  baryta.  Acetate  of  lead 
produces  a  sulphur  yellow  precipitate  in  the  alcoholic 
solution,  but  not  in  its  aqueous  solution  until  am- 
monia be  added.  Solutions  of  indiean  must  be  evapo- 
rated without  heat,  otherwise  the  aqueous  solution 
will  undergo  a  complete  change,  showing  how  neces- 
sary it  is  to  avoid  the  use  of  boding  water  in  prepar- 
ing indigo  on  a  large  scale. 

The  indigo  of  commerce  contains  several  substances 
in  addition  to  its  important  constituent,  indigotin, 
such  as  indigo  brown  and  indigo  red,  which  must  be 
regarded  as  impurities.  The  indigo  blue,  or  indi- 
gotin, may  be  separated  by  sublimation.  It  a  small 
quantity  of  indigo  be  heated  between  two  watch- 
glasses,  so  as  to  protect  it  from  the  air,  a  portion  will 
be  decomposed,  but  another  portion  will  be  sublimed 
and  condensed  in  light  copper-coloured  six-sided 
crystals.  A  better  plan,  however,  is  the  following : — 
4  oz.  of  indigo  in  fine  powder,  and  4  oz.  of  grape- 
sugar  are  put  into  a  flask  of  the  capacity  of  10  pints ; 
G  oz.  of  a  saturated  solution  of  caustic  soda  are  added, 
and  the  flask  is  filled  up  with  boiling  alcohol.  The 
flask  is  closed  to  keep  out  the  air,  and  the  mixture 
after  agitation  is  set  aside.  In  a  few  hours  it  be- 
comes clear ;  the  yellowish  red  solution  is  drawn  off 
with  a  syphon,  and  if  left  exposed  in  open  vessels  it 
rapidly  absorbs  oxygen,  becomes  brown,  and  deposits 
crystals,  which,  after  being  first  treated  with  alcohol, 
and  then  with  hot  water,  and  dried,  form  pure  indigo 
blue,  of  which  good  indigo  should  yield  nearly  half  its 
weight.  Indigotin  fuses  at  about  550°,  and  produces 
a  purple  vapour. 

Indigo  forms  several  compounds  with  sulphuric 
acid,  one  of  which  is  produced  by  triturating  com- 
mercial indigo  with  six  times  its  weight  of  fuming  sul- 
phuric acid,  when  heat  is  evolved  and  a  blue  solution 
formed,  which  is  used  for  dyeing  cloth  under  the  name 
of  Saxony  blue.  Common  sulphuric  acid  may  be  used 
for  the  purpose,  but  more  than  double  the  quantity 
is  required,  audit  must  be  heated  to  more  than  130° 
or  140."  In  this  way  an  acid  known  as  the  sulphin- 
Jylic  is  formed,  but  for  these  compounds,  and  for 
various  other  particulars  respecting  indigo,  we  must 
refer  to  the  Appendix. 

We  must  not,  however,  omit  to  state  that  one  of 
the  most  curious  and  valuable  properties  of  indigo  is 
the  comparative  facility  with  which  it  loses  its 
colour,  becomes  soluble  so  as  to  allow  it  to  be  used 
as  a  dye,  and  then  by  exposure  to  the  air  reassumes 
its  blue  tint  and  becomes  again  insoluble.  [See 
Dyeing.]  This  change  takes  place  when  indigo  is 
brought  into  contact  with  certain  deoxidizing  agents 
and  an  alkali,  and  it  is  probable  that  under  these 
circumstances  the  indigo  returns  to  the  state  in  which 
it  existed  in  the  plant.  In  preparing  his  indigo-vat 
the  dyer  uses  5  parts  of  powdered  indigo,  10  parts  of 
sulphate  of  iron,  15  parts  of  hydrate  of  lime,  and  60 
parts  of  water :  these  are  agitated  together  in  a  close 
vessel,  and  then  left  to  stand.  The  salt  of  ii-on  in 
conjunction  with  an  excess  of  lime  reduces  the  indigo 


to  the  soluble  state;  a  yellowish  liquid  is  produced, 
from  which,  if  oxygen  be  carefully  excluded,  the  ichde 
or  deoxidized  indigo  is  precipitated  in  a  flocculent 
form  by  an  acid,  such  as  the  acetic  or  hydrochloric. 
Cloth  steeped  in  the  alkaline  liquid,  and  then  exposed 
to  the  air,  acquires  a  deep  and  permanent  blue  tint, 
by  the  absorption  of  oxygen  and  the  deposition  of 
solid  insoluble  indigo  in  the  substance  of  the  fibre. 
A  mixture  of  dilute  caustic  soda  and  grape-sugar  may 
be  used  instead  of  the  salt  of  iron  and  lime,  in  the 
above  process ;  the  sugar  becomes  oxidised  to  formic 
acid,  and  the  indigo  is  reduced.  Decaying  vegetable 
matter  may  also  be  used  instead  of  the  sulphate  of  iron. 

1NI>  '   iiiurding  to  the  pur- 

1""'  ,     i'  1-     Common  taridne/ 

i^'ili  i-  111  I'  i!  >:,!  !■■  <if  II,  -^  mixed  with  a  little 
gallatc,  held  in  suspension  in  water  by  means  of  gum 
or  some  other  viscid  substance.  The  gum  also  pre- 
vents the  ink  from  being  too  fluid,  and  also  serves  to 
protect  the  vegetable  matter  from  decomposition.  A 
very  good  ink  may  be  formed  from  the  following 
recipe  :  Take  Aleppo  galls  finely  bruised,  6  oz. ;  crys- 
tallized sulphate  of  iron,  4  oz. :  gum  arable,  4  oz. ; 
water,  G  pints.  Boil  the  galls  in  the  water,  for  about 
2  liours,  occasionally  adding  water  to  supply  the  loss 
from  evaporation;  then  add  the  other  ingredients,  and 
keep  the  whole  for  two  mouths  in  a  wooden  or  glass 
vessel,  which  is  to  be  occasionally  shaken.  Then 
strain  the  iuk  into  glass  bottles,  adding  a  few  drops 
of  krcosote  to  prevent  mouldiaess. 

When  the  ink  has  not  been  kept  long  enough,  and 
is  pale  in  wi'iting,  it  becomes  black  in  consequence  of 
the  oxygen  of  the  air  converting  the  protogallate  and 
prototaunate  of  iron  into  pergallate  and  pertannate  ; 
but  when  writing  becomes  yellow  and  indistinct  from 
r.gc,  it  is  from  the  decay  of  the  vegetable  portion  of 
the  iuk,  little  more  than  peroxide  of  iron  being  left 
on  the  paper.  By  the  careful  application  of  infusion 
of  galls  the  writing  may  be  rendered  blacker  and  more 
legible,  or  by  washiug  the  writing  with  a  weak  solu- 
tion of  oxalic  or  hydrochloric  acid,  ami  then  applying 
iin  infusion  of  galls.     Wli,  :i  !:,■  vi'iJul'  |i,iper  has 

flilorine,thebestinkl).c  .,1       ■    -  '  i.    Logwood, 

sulphate  of  copper,  and  n-!:,  iMLrcircii's  arc  occa- 
sionally added  to  ink,  but  their  clTect  is  injurious. 

Blue  ink  has  of  late  years  been  much  in  request : 
the  colouring  matter  is  said  to  be  sulphate  of  indigo 
and  tannogallate  of  iron;  or,  according  to  another 
recipe,  Prussian  blue  dissolved  in  water  by  means  of 

Red  ink  is  usually  made  by  boiling  about  2  ounces 
of  Erilzil  wood  in  a  pint  of  water  for  a  quarter  of  an 
hour,  and  adding  a  little  gum  and  alum.  A  sujicrior 
description  of  red  ink  may  be  formed  from  an  ammo- 
niacal  solution  of  carmine.     [See  Carmine.] 

The  great  merit  of  our  coumion  writing  ink  is  the 
freedom  with  which  it  flows  from  the  pen,  allowing  of 
rapid  wTitiug ;  and  the  manner  in  which  it  bites  into 
the  paper,  so  as  not  to  be  removed  by  sponging.  The 
great  defect  is  want  of  durability.    Such  inks  partake 
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rather  of  the  ualuve  of  dyes.  Tlio  writ  ing  ink  of  the 
ancients,  on  the  contrary,  is  characterised  by  great 
permanency;  its  basis  was  finely  divided  charcoal 
mixed  with  some  mucilaginous  or  adhesive  fluid, 
Indian  or  China  ink  is  of  this  character :  it  is  formed 
of  lamp-black  and  size  or  animal  glue,  with  the  ad- 
dition of  perfumes,  not  necessary,  however,  to  its  use 
as  an  ink,  and  is  made  up  in  cakes.  It  is  used  in 
China  with  a  brush  both  for  writing  and  for  painting 
upon  Chinese  paper ;  and  it  is  used  in  other  countries 
for  making  drawings  in  black  and  white ;  the  dif- 
ferent depths  of  shade  being  produced  by  varying  the 
dilution  with  water.  The  lamp-black  must  be  ex- 
cecdhigly  fine,  and  the  iuk  be  prepared  with  great 

The  permanent  character  of  carbonaceous  inks 
would  recommend  them  to  more  general  use,  if  a 
sufiicienlly  fluid  vehicle  could  be  foimd  for  them. 
According  to  Professor  Traill,  an  acetic  solution  of 
gluten,  forms  an  excellent  basis  of  a  duralile  ana 
indelible  writing  ink.  The  gluten  is  obtained  as 
usual  by  kneading  tlie  dough  of  wheat  flour  in  a 
stream  of  water  until  the  starch  is  comi)lctcly  sepa- 
rated :  the  gluten  should  be  kept  from  L'  t  to  .'ilj  Imurj 
in  water,  and  then  be  digested  in  m  ,  '  ic  ,,r  ,|  ,,1  i  ,  ilic 
gravity  1033  to  1-031  in  the  [m-  ,     i   :,   ;  i  i.s 

gluten  to  20  of  the  acid.  By  nn  u  i  ,  ,ii  i,,,it 
a  greyish  white  saponaceous  fluul  i;  Li;i.>::.'  li,  \,  Imli 
will  kcqi  for  a  long  time.  The  colouring  m;ittn-  is 
from  8  to  12  grains  of  the  best  lamp-black,  and  2 
grains  of  indigo  thoroughly  incorporated  with  each 
fluid  ounce  of  the  vehicle.  An  agreeable  aroma  may 
be  imparted  to  the  ink  by  digesting  bruised  cloves, 
pimento  or  cinnamon  in  a  portion  of  the  original  acid. 
This  ink  is  not  adapted  for  writing  on  parchincnt, 
but  may  be  used  on  paper  with  a  steel  pen,  which, 
however,  should  be  washed  after  use. 

Printer's  ink  is  of  two  kinds,  one  for  letter- 
press and  the  other  for  copper-plate  printing.  The 
former  is  prepared  by  boiling  linseed  or  nut-oil  in  an 
iron  pot :  it  is  kindled  and  allowed  to  burn  for  half- 
au-hour:  the  vessel  is  then  closely  covered  over  to 
extinguish  the  flame :  it  is  again  boiled  in  order  to 
give  it  the  proper  drying  character,  and  it  is  then 
mixed  with  lamp-black  for  black  ink ;  or  vermilion 
for  the  finer  works  in  red  ink;  or  the  pigment  is 
varied  according  to  the  colour.  For  copper-plaie- 
printer's  ink  the  oil  is  less  boiled,  and  the  carbon 
used  is  Frankfort  black. 

Miirhina  ink.  used  for  marking  linen,  is  a  solution 
rf  u  I  r  ,ir  ,,1  .  j, ,  ,  written  with  a  pen  upon  the  linen 
]u    ,  :,.  it  with  an  alkaline  solution,  such 

;; ,  I  ,  ,-ii  ,1  -  ,i.  \\\  tliis  operation  oxide  of  silver 
IS  pivripiiiiied  upon  and  combines  with  the  cloth  in 
a  very  firm  manner.  The  bottles  of  indelible  maikiug- 
ink  are  prepared  by  dissolving  2  drachms  of  pure 
nitrate  of  silver  and  1  drachm  of  gum-arabic  in  7 
drachms  of  distilled  water  coloured  by  a  little  China 
ink.  The  preparatory  liquid  is  made  by  dissolving 
2  ounces  of  crystallized  carbonate  of  soda  and  2 
drachms  of  gum-arabic  in  4  ounces  of  water.  A  much 
•     ■        rkiiig  ink  is  that  used   by  tlip 
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bleachers,  viz.  coal-tar,  made  sufficiently  thin  -nith 
naphtha  to  write  with. 

Si/mpathetic  inks  are  noticed  under  Cobalt.  The 
inks  for  what  are  called  Chemical  Landr.capes,  have 
lately  been  iucresuscd  in  number.  Acetate  of  cobalt 
affords  an  azure  lilue ;  chloride  of  copper  a  gamboge 
yellow;  chloride  of  cobalt  an  Olympian  green,  and 
bromide  of  copper  a  fine  brown.     [See  Api'ENDix.] 

INTAGLIO.— See  Se.^l-esgkaving. 

INTRADOS  and  EXTR.iDOS,  the  inferior  and 
exterior  curves  of  an  ai-ch.  See  Bridge,  vol.  i. 
p.  198. 

INULINE.    SeeSiAECH. 

IODINE,  an  elementary  substance  (I.  127),  was 
discovered  in  ISll  by  M.  Courtois  of  Paris,  a  manu- 
facturer of  salt-petre,  in  the  mother-liquors  of  that 
salt.  Its  affinity  for  other  substances  is  so  strong 
that  it  does  not  occur  in  natiire  in  a  separate  stale. 
It  is  found  combined  with  potassium  and  sodium  in 
many  mineral  waters,  and  also  in  a  minute  propor- 
tion in  sea-water,  from  which  many  marine  plants 
and  animals  have  the  power  of  separating  it  and 
accumulating  it  in  their  tissues.  It  is  also  found  in 
a  few  minerals.'  Much  of  the  iodine  of  commerce  is 
prepared  at  Glasgow  from  the  kelp  of  the  western 
coast  of  Ireland  and  the  western  islands  of  Scotland ; 
and  the  process  for  obtaining  it  has  been  described 
by  Professor  Graham.^  The  sea-weed  thrown  upon 
the  beach  is  collected,  dried  and  burned  in  a  shallow 
pit,  in  which  the  ashes  accumulate  and  melt  by  the 
heat.  The  fused  mass,  broken  into  lumps,  is  kelp, 
which  was  foiTiierly  prepared  for  the  sake  of  its  car- 
bonate of  soda,  varying  from  2  to  5  per  cent.  The 
long  elastic  stems  of  the/tfCKS  palmaliis  are  said  to 
afford  most  of  the  iodine  contained  in  kelp.  The 
kelp  is  broken  up  small,  treated  with  water,  the  solu- 
tion filtered  and  evaporated  to  a  small  bulk,  the 
chloride  of  sodium,  carbonate  of  soda,  chloride  of 
potassium,  and  other  salts  being  removed  as  they 
successively  crystallize.  A  dark  brown  mother- liquor 
is  left,  which  contains  nearly  all  the  iodine : 
this  is  mixed  with  sulphuric  acid  and  peroxide 
of  manganese,  and  heated  gently  in  a  leaden 
retort  u.  Pig.  1215,  of    a   cylindrical  form. 


supported  in  a  sand  bath,  and  heated  by  a  small  fir 
below.  Tlie  retort  lias  a  large  openuig,  to  which  ; 
capital,  b  c,  is  luted,  containing  two  openings  of  un 
equal  size,  b  r,  closed  by  leaden  stopples.    A  serie 


of  botiles  (/,  having  each  two  openings,  are  luted 
together  as  shown  in  the  figure,  and  are  used  as 
condensers ;  the  prepared  ley  being  heated  to  about 
140°  in  the  retort,  the  manganese  is  introduced. 
Iodine  immediately  begins  to  come  off,  and  collects 
in  the  condensers.  The  progress  of  its  evolution  is 
watched  by  occasionally  removing  the  stopple  at  c, 
and  additions  of  sulphuric  acid  or  manganese  are 
made  at  b  if  necessai-y.  The  success  of  the  opera- 
tion depends  upon  its  being  slowly  conducted,  and 
upon  the  proper  management  of  the  temperature. 
The  theory  of  the  operation  is  similar  to  that  of  the 
process  for  preparing  chlorine  [See  Chlokise].  The 
manganese,  however,  is  not  indispensable  in  this  pro- 
cess, for  iodide  of  potassium  or  sodium,  heated  -nith 
excess  of  sulphuric  acid,  evolves  iodine. 

Professor  Graham  has  recently  examined  the  ashes 
of  sea-weeds  used  as  fuel  in  the  island  of  Guernsey. 
"  Having  observed  that  large  quantities  of  deep  sea 
fuci  were  collected  by  the  inhabitants,  spread  out  to 
dry  in  the  fields,  then  used  as  common  fuel  in  their 
houses,  and  the  ashes  carefully  saved  as  a  valuable 
manure  for  their  land,  it  occurred  to  him  that  these 
ashes  might  contain  a  larger  quantity  of  iodine  than 
the  ordinary  kelp,  both  on  account  of  the  source  from 
whence  the  fuci  were  derived,  and  the  comparatively 
low  temperature  at  which  the  combustion  was  effected; 
for  there  could  be  little  doubt  th.it  in  the  manufacture 
I  of  Scotch  kelp  a  portion  of  the  iodide  of  sodium  present 
was  lost  by  sublimation."  On  examining  these  ashes 
they  were  found  to  be  very  rich  in  iodine. 

Professor  Bechi  of  Florence  has  described  an  easy 
method  for  extracting  iodine  from  mineral  waters. 
This  method  is  founded  on  the  property  which  char- 
coal has  of  retainmg  iodine,  and  afterwards  readily 
yielding  it  to  other  substances.  The  iodides  contamed 
in  the  mineral  water  are  first  decomposed  by  means 
of  chlorine  or  acids,  and  the  water  is  then  passed 
through  a  filter  containing  a  large  quantity  of  calcined 
lamp-blaek :  after  passing  through  several  layers  of 
this  charcoal,  the  water  is  completely  deprived  of  its 
iodine.  Having  washed  the  charcoal,  it  is  mixed  with 
hydrated  oxide  of  iron,  placed  on  a  filter,  and  water 
poured  over  it  several  times  to  remove  aE  the  iodide 
of  uron.  The  solution  of  iodide  of  iron  being  treated 
with  sidphate  of  copper,  iodide  of  copper  is  formed, 
which,  being  heated  in  a  retort  with  oxide  of  manga- 
nese and  sulphuric  acid,  the  iodine  is  distilled  over. 
The  charcoal  used  in  this  operation  is  washed  with 
dilute  hydrochloric  acid,  to  separate  any  remaining 
oxide  of  iron,  and  thus  purified,  it  is  used  for  another 

Iodine  crystallizes  in  plates  or  scales  of  a  bluish- 
black  colour,  and  imperfect  metallic  lustre.  Its  dcu- 
!  sity  is  4-948.  It  fuses  at  225°,  and  boils  at  347°, 
emitting  a  vapour  of  a  beautifid  violet  colour,  whence 
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slaiiib  the  bkiii  of  a  Jeep  biouii,  v 

iieut.     It  acts  with  energy  on  the  animal  system,  and 

is  much  used  in  medicine. 

The  chief  use  of  iodine  in  liic  arts  arises  from  its 
characteristic  property  of  jiroducing  a  splendid  blue 
colour  by  contact  with  starch.  A  liqiud,  containing 
one  450,000th  of  its  WLfM  of  iodine,  receives  a 
blue  tinge  when  a  snii  i  h  <  I  in  h  i^  added  to  it. 
In  order  to  act  as  a  1  i  I    Ije  free  or 


mibined,  for  ■\\ 


ilie  presence 
ill  quautitv  of 
Mill  liberafc 


the  sol. 

the  iodine  so  as  to  allow  it  to  act  on  the  sta 
Iodine  and  bromine  arc  also  used  to  fonn  the  fill 
iodide  or  bromide  of  silver  in  the  silver  plalcs  of 
daguerreotype. 


I  maintain,  the  dominion  of  mind  over  matter.  Admi- 
j  rably  adapted  also  to  the  wants  of  man  is  the  position 
;  of  iron  ore  in  the  eaith,  for  it  is  often  found  in  imme- 
diate connexion  with  the  coal  and  the  limestone  !3ux 
required  for  its  reduction :  "  an  instance  of  aiTangc- 
ment,"  as  Conybeare  well  remarks,  "  so  happily  suited 
to  the  purposes  of  human  industry,  that  it  can  hardly 
be  considered  as  recurring  unnecessarily  to  final 
causes,  if  we  conceive  that  this  distribut'ion  of  the 
rude  materials  of  the  earth  was  determined  with  ii 
view  to  the  convenience  of  its  inhabitants." 


Section  I.  -jMetalluegical  TTimory  or  Ikox. 

history.     "We   read  in  Grii   i.       '  i       .   (   li 

was  an  instructor  of  every  , I  I    /«/, 

and  in  many  parts  of  the  --.ii-  i  i' '  .1  ,l  .  .il  c\i 
denco  of  the  extensive  use  both  of  iion  and  slcel 
Among  the  ancient  Greeks  bronze  seems  to  have  pic 
erdrd  the  use  of  iron,  anil  tlio  term  used  to  designati 
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cs  with   hydrogen,  forming  hvdridi'n 
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1  \,    the    root    of    several    plants 

for  in  the  Odyssey  there  is  ,i  - 1 

\i.iriiea.     They  all  contain  similar 

"  As  some  smith  or  braziei   | 
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le  be.st  ipco 
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1-  iiipering  steel  w 

IS  practised 

ij.n,,  ,un,.     It   is  -nt   in  balis  and  binds.     '•Tin 

S-e;)tliii  • 

root  is  in  pieces  fiom  3  to  6  inches  long,  and  about 

as  woik, 

the  thickness  of  a  straw,  much  bent  or  twisted,  cither 

of  iron  ; 

simple  or  branched,  with  a  remarkably  knotty  cha- 

appease r 

racter,  owing  to   numerous   circular   depressions  or 

and  also 

clefts,  which  give  the  whole  an  appearance  of  a  num- 

Seythia.' 

ber  of  rings ;  and  hence  the  term  cntnnhtlch     It  con- 

rr,„h,h-<. 

sists  of  a  central  portion  called  tiifrliliilii         >  i        i 
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of  the  woi 
of  the  be 
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,1  pint 


called 


)ut  by  far  the  greater  poi  I 

thecortioal.  Of  the  3  \afieti<'a  of  annulali  i  i, 

the  brown  contains   10  per  cent,  of  cmeliiLi,  \\\  ile  '  comiiu  i 
the  red  contains  only  14  per  cent."     The  mnlu'utcd\  twenty  t 
or  iihiylueeovt  ipecacuan,  contains  only  0  per  cent,    conntij  i 
of  ciii'etina,  with  03  per  cent,  of  starch.     Emctma  is  |      The  lu 
a  white  powder:  it  is  a  powerful  poison,  and  ^'^jlli  of    Diodorus  biei 
a  grain,  or  less,  acts  as  a  violent  emetic. 
'iridium,  (Ir.  OS-56.)     See  ArrrxDix. 
IRON    (Fe.    2S)    is    more    extensively    dilfuscd 
throughout   the   crust  of  the  earth,  and  in  greater 
abundance,   than    any   other    metal :    indeed,   it    is 
scarcely  possible  to  analyse  an  inorganic  body  with- 
out finding  it:   and  its  importance  is   equal  to  its 
-  abundance,  for  there   is  no  other  substance  which 
possesses  within  itself  so  many  valuable  properties, 
or  is  so  well  adapted  to  form  the  tools,  machines,  and 
engines,  wliich  have  assisted,  and  still  continue  to 


llaJ    a 


celebrated,  a 

dance  of  its  iron  ores.  I'liiu  h  '  i  "i' i  '  nu 
nieraling  many  of  the  uses  of  iion  m  Ins  tmic,  savo, 
"  Yea,  in  one  word,  w-e  use  it  to  all  other  necessary 
uses  of  this  life."  This  writer  refers  to  Spain  as 
being  celebrated  for  its  iron  manufactures.  But 
although  iron  was  well  known  to  the  Romans,  it 


appears  from  the  evidence  afforded  by  tlie  excavations 
of  Pompeii  and  Herculaneuni,  that  articles  of  bronze 
were  in  general  nse  in  tlie  middle  of  the  fii-st  centm-y, 
when  those  cities  were  ovcrwhehned.  It  is  difficult 
to  imagine  how  bronze  and  iron  should  ever  be  con- 
sidered as  equally  appUcable  to  the  same  uses.  "  Li 
all  the  Latin  writers,  ferrum,  iron,  is  the  most  com- 
mon name  fur  a  sword,  but  the  swords  which  have 
been  found  in  these  towns  are  of  bronze,  as  also  are 
the  points  of  spears.  Poll-axes  and  other  sacrificing 
instruments  have  been  found  of  the  same  material : 
even  surgeons'  instruments,  40  in  number,  some  \rith 
cutting  edges,  and  all  of  bronze,  were  discovered." 

The  earliest  method  of  smelting  iron  seems  to  have 
been  in  furnaces  erected  on  the  summits  of  hUls  for 
the  sake  of  cuiTCnts  of  air,  the  furnaces  being  per- 
forated on  all  sides  with  holes,  through  which  the  air 
was  driven  when  the  wind  blew :  the  ore  was  in- 
tcrstratified  with  charcoal,  large  quantities  of  wliich 
were  added  from  time  to  tune,  and  the  operation  lasted 
two  or  three  days.  Mungo  Park,  in  his  Travels  in 
Africa,  describes  one  of  these  furnaces,  which  is  pro- 
bably a  type  of  the  ancient  model.  A  furnace  similar 
to  this  was  probably  used  by  the  ancient  Britons,  who 
are  supposed  to  have  obtained  their  knowledge  of  the 
art  of  smeltmg  iron  from  the  Phenieians,  who  traded 
with  them  for  tin.  Strabo  mentions  iron  as  one  of 
the  exports  of  Britain,  so  that  it  seems  pretty  evident, 
that  prior  to  the  Roman  invasion  the  Britons  were 
acquainted  with  the  art  of  working  iron :  indeed,  the 
scythes,  hooks,  broadswords,  and  spears,  with  which 
they  opposed  their  invaders,  are  evidences  of  the  fact. 

Mr.  Mushet,  in  his  valuable  "  Papers  on  L-on  and 
Steel,"  remarks  on  the  extreme  slowness  of  these 
air-bloomeries.  "  A  long  and  continued  cementation 
of  the  ore  in  contact  with  the  fuel  was  necessary  to 
dispose  the  metalho  particles  to  unite.  A  too  rapid 
exposure  to  a  high  temperature  would  be  apt  to  unite 
a  considerable  portion  of  oxygen  with  the  ore,  which 
in  this  way  would  acquire  a  considerable  degree  of 
fusibility  :  this  would  not  only  diminish  the  quantity 
and  quaUty  of  the  u-on,  but  retard  the  general  opera- 
tion. To  render  the  quality  of  the  iron  homogeneous, 
masses  of  iron  ore  would  be  used  as  nearly  of  one  size 
as  possible,  which  would  give  rise  to  a  rejection  in 
part  of  the  small,  or  dust  ore,  generally  the  richest  of 
the  vein.  That  this  practice  prevailed  to  a  consider- 
able extent  in  Gloucestershne,  is  evident  from  the 
large  quiintities  of  small  mine^  found  from  time  to 
time  in  the  old  caverns  or  weeldons  of  the  mountain 
limestone  formation.  These  acknowledged  evils  un- 
doubtedly affected  the  economy  and  prosperity  of  the 
trade,  until  some  more  fortunate  or  more  ingenious 
worker  applied  the  bellows  to  the  art  of  iron  niakmg, 
wliich  gave  rise  to  the  blast-blowing,  and  occasioned 
a  great  revolution  and  improvement  ia  the  fabrication 
of  iron." 

When  the  Roman  Conquest  was  secure  the  useful 
arts  were  carried  on  in  Britain  to  an  extent  before 
unknown  in  the  island.  Alter  the  arrival  of  Adrian, 
(a.d.  120,)  the  fuhrica,  or  great  military  forge,  was 


estabhshed  at  Bath :  and  similar  establishments  were 
fonned  in  different  parts  of  the  country.  The  situation 
of  Bath  was  well  adapted  to  such  an  establishment, 
from  its  vicinity  to  the  hUls  of  Monmouthshire  and 
Gloucestershire,  where  iron  ore  and  wood  were  plen- 
tiful. There  is  abundant  evidence  of  the  industry  of  the 
Eomaas  in  working  the  iron  mines  of  Britain  untU 
their  final  abandonment  of  the  island  about  a.d.  409. 
Immense  beds  of  iron  emders  have  been  discovered 
in  the  Porest  of  Dean  in  Monmouthshire,  in  York- 
shire, and  other  counties,  among  which  have  been 
found  Roman  coins  and  the  remains  of  altars  inscribed 
to  the  god  who  presided  over  iron.  Many  of  these 
heaps  are  called  Band  ci/ideis,  from  the  idea,  probably 
a  correct  one,  that  during  the  occupation  of  England 
by  the  Danes  they  carried  on  the  smeltmg  of  iron 
extensively.  Prom  the  rude  method  of  smelting  in 
these  early  times,  a  portion  only  of  the  ore  was 
reduced,  and  it  has  been  found  profitable  in  modem 
times  to  smelt  these  cinders  over  again.  Mr.  Mushet 
states,  that  for  nearly  200  years  the  blast-fumaees  in 
the  Dean  Porest  used  nearly  one-half  of  the  furnace 
burden  of  these  slags  or  cinders,  which  were  found 
highly  advantageous  to  mix  with  the  calcareous  ores 
of  the  district. 

In  the  interval  between  the  Saxon  and  tlie  Norman 
conquest  scarcely  any  notices  of  iron  are  to  be  found. 
The  Anglo-Saxons  bestowed  especial  honour  on  the 
best  artificers  of  swords,  arms,  and  armour.  Glou- 
cester was  long  celebrated  for  its  iron  forges,  and  it 
is  mentioned  in  Doomsday-book,  that  scarcely  any 
other  tribute  was  required  from  that  city  than  36 
dicars  (of  10  bars  each)  of  iron,  and  100  iron  rods 
for  nails  or  bolts  for  the  use  of  the  royal  navy.  Prom 
the  Conquest  to  the  death  of  John,  iron  and  steel 
were  imported  from  Germany  and  other  countries, 
the  German  "  merchants  of  the  steel-yard  "  probably 
deriving  that  title  from  the  article  imported  by  them, 
and  sold  at  a  place  called  "  the  Steel  Yard."  The 
art  of  making  defensive  armour  was  during  this  period 
can-ied  to  great  perfection,  and  a  smith  or  armourer 
was  attached  to  the  establishment  of  every  knight. 

Wood-charcoal  stiU  contmued  to  be  used  in  smelt- 
ing iron,  so  that  the  iron  mmes  were  all  situated  in 
the  wooded  districts  of  England.  L-on  must  have 
been  scarce,  for  in  the  28th  of  Edward  III.  its  ex- 
portation was  prohibited.  Up  to  this  tune  all  articles 
of  iron  were  forged,  the  art  of  casting  not  having 
been  invented,  and  it  has  not  been  determined  at  what 
time  castings  first  came  into  use.  It  appears,  how- 
ever, that  towards  the  end  of  Elizabeth's  reign,  the 
English  first  attempted  to  substitute  iron  for  bronze 
in  the  castmg  of  camion,  but  the  art  was  probably 
practised  long  before   in  the  production  of  other 

Duruig  the  11th  and  15th  centuries  England  was 
supplied  by  Germany  and  Spain  with  various  articles 
in  ii-on  and  steel.  In  1483  the  home  manufacturers 
complained  of  this  to  the  Legislatm-e,  whicli  led  to  the 
passing  of  an  act  prohibitmg  the  importation  of  a 
variety  of  articles  which  could  be  made  at  home. 


In  the  reis;n  of  Elizibitli  we  finl  the  iiicjoninus 
Cinideu  hmtutm^  tht,  decay  of  our  foiCbts  in  cousc 
queucc  of  the  exteusion  ol  the  uon  tiide  Sevenl 
it  tempts  we.  e  made  in  this  leign  to  lessen  the  eon 
s  inii  tiou  of  wood,  and  to  hint  the  erection  of  iion 
wuiks,  and  it  wis  not  until  the  seaioity  of  charcod 
hid  stopped  many  uon  woiks,  thit  attempts  wcie 
made  to  smelt  uon  ore  by  means  of  pit  coal  Piior 
10  till  >cai  1372  c  dl  llxuMMOi  ItatNovc  tU 
II  I        I         I  I 


eximpk  IhLUuiicot  thib  pciiun  d  bcnLi,  II  bo  on 
roUed  on  the  same  bi  ight  page  as  that  which  oontams 
themme<;  of  Bimlloy    \ilwn!;ht  V^-itt   and  other 


tht  Um\cibitvcl  (I  I 
iron  « c lis  cf  Ins  I    I 

WoiOLbtcishue     "\\      1  1        ^  1  I 

neighbotuhood,  and  pit  cod  ibuuudiii^  iiou  tliu  lui 
nace,  he  deternmied  to  make  trial  of  it,  and  v,  as  so 
successtul,  that  he  applied  for  a  patent  for  his  mven 
tion,  which  was  giaiited  foi  31  yeais     In  the  yi.  i 
after  the  date  of  the  patent,   Dudley's  uonwoik 
were  destioycd  by  a  great  flood,  '  to  tlie  joy  of  m  i 
uon  masteis,  ^^hose  woiks  escaped  the  flood,  and  wh 
had  often  dispiiagcd  the  authoi's  unentions  becaubc 
he  sold  good  uon  cheaper  than  they  could  affoid  it, 
and  which  lulnced  many  of  the  uon  masteis  to  com 
plain  unto  Iving  Junes,  averimg  that  the  uouAias 
not  meichantable     As  soon  as  the  author  had  le 
pined  his  woiks   and  inventions,   to  his  no  small 
cmige,  theyso  far  prevailed  with  Iving  Tan  cs  that 
the  aufhoi  was  commanded,  am  II      1     |         (         I 
to  scud  all  soits  of  bai  uon  u| 
don  lit  fir  m  iking  of  muskets 
iron  bcmg  so  tiied  by  aitists        I  I        1 

uon  m-istcis  lud  uoumongeis  wtie  ill  silm  c  1  until 
thcSlstofkiii^J  lines" 

Inflisyc  1  lti2 1,  was  passed  the  justly  celebiated 
act  toi  the  iboLtion  of  monopolies,  except  patent 
lights  foi  11  yeais  to  the  fust  uiventois  of  processes 
01  manufactuics  Dudley's  patent  was  bmitcd  to  this 
tcim   and  he  -savs  tl  at  he  "went  on  checifiJly,  and 

1  1  1 1      IbO  made 

I  I    I  tlmauyjct 

writ  mik  in  fh.  niti  us  ^ith  (h  rral"  But  so 
slow  aie  oidmaiy  minds  to  adopt  new  ideas,  oi  to 
\ai7  the  oidinary  loutuie  of  theu  pioceedmgs,  that 
the  iron-masters  continued  to  oppose,  and  succeeded 
in  getting  poor  Dudley  turned  out  of  his  iron-works. 
How  this  was  effected,  would,  he  says,  be  "  over  long 
to  relate  ;"  but  we  can  well  imagine  the  long  course 
of  opposition,  of  petty  annoyance  and  vexation,  in- 
flicted by  his  rivals,  to  say  nothing  of  positive  wrongs, 
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of  combm  itions  am  n^'  nnstds  md  m  n  to  np|  o^c 
a  111  in  who  was  adopting  a piorcsb  the  Aalue  of  'nhich 
they  had  not  the  sigacity  to  pcictne  Dudley  pio 
cceded  to  Himlev  fiirn  ice  m  St  iffoidbhiio  '  wheic  he 
m  ule  murli  uon  \\  itli  pit  cnal    1  nt  wantinj;  a  foi^e  to 


lutcf  si 


(k 


s  he  CI 


led 


who  dl  1  I 

Hascobiid  I  in  SI  |1  lb,  \U  it  he  made  7  t  u 
of  uon  pel  week,  "the  gieatest  quantity  of  jit  c(  d 
uon  that  cvei  yet  was  made  m  Gieat  But  iin  Nc  u 
which  furnace  the  author  aiscovered  many  new  cod 
mmes  ten  yaids  thick,  and  uon  mine  undti  it,  accoid 
ing  to  othei  cod  woiks,  \ihich  coal  woiks  being 
bi  ought  unto  peifection,  the  author  was,  by  foice, 
thiown  out  of  them,  and  the  bcUoMs  of  his  new 
fuiuace  and  invention,  by  riotous  peisons,  cut  m 
pieces,  to  his  no  small  piejudice  and  loss  of  his  m 
\      tiou    f  u    ki   ,rl   11   UMithiit  c    il    \c      sjtlnt 


and  when  CiuiMtU  t  inu  into  lowci,  lit  hid  the 
moitilication  of  seeuig  a  patent  granted  to  one 
Capt  m   Buck    foi   m  1  iii"   iron  with   pit  coal     he 


to  th     I  I  ^0 

toubtl 

could  bt  1  I        I        11        I         I      )  I J   be 

gained  by  yitlduig  to  it  w  ib  nun  '  Altti  btdtmg  that 
God  of  his  infinite  goodness  had  bestowed  upon  this 
Cfuntiy  abundance  of  uon  cnal  and  lime  and  that 
the  wood    had  long  been       1  '    '      i  Is 

thus  —  '  Now,  if  the  coal  1 

ing,  weie  made  light  use    I  n 

as  we  do,  foi  veiy  many  i  I  iie 

placed  togethei  undei  the  git  t  t  n  \  i  K  tl  1  nis 
of  coal,  and  upon  another  thickness  of  coal  tno 
yaids  thick,  not  yet  mentioned,  called  tl  e  Lottc  m 
coal,  01  heathei  coal,  as  if  God  had  deciccd  the  tune 
when  and  how  these  smiths  should  be  sii|  j  hod  md 
this  island  also  with  uon,  and  most  espcri  11\  th  t 
this  coal  and  uonstoue  should  give  the  hibt  and  1  ibt 
occasion  foi  the  mvention  of  making  uon  with  pit  co  d, 
no  place  bemg  so  fit  foi  the  invention  to  be  peifected 
in  as  this  countiy,  foi  thegeneial  good,  whose  lands 
did  foimeily  abomid  m  forests,  chases,  paiks,  and 
woods,  but  exhausted  in  these  paits  " 

Dudley  does  not  seem  to  ha\  e  been  successful  m 
lus  application,  and  with  him  died,  foi  a  tune,  the  art 
of  making  iron  with  pit-coal.  The  art  of  converting 
coal  into  coke  was  known  and  is  described  by 
Dr.  Plot,  in  his  History  of  Staffordshire,  published  in 
16S6,  who  says,  that  it  is  "  fit  for  most  other  uses, 
but  for  smelting,  fining  and  refining  of  iron,  it  cannot 
be  brought  to  do,  though  attempted  by   the   most 


skilful  and  curious  artists."  Our  chemists  at  this 
time  were  too  much  occupied  in  attempting  to  trans- 
mute the  baser  metals  into  gold,  to  attend  to  the 
apparently  commonplace  and  inglorious  problem,  how- 
to  smelt  iron  with  pit-coal. 

It  was  not  until  1713  that  we  hear  of  any  further 
attempts  in  this  way,  when  Mr.  Darby,  of  Colebrook 
Dale,  is  referred  to  as  smelting  iron  with  pit-coal. 
The  process,  however,  must  have  been  ill  understood, 
and  little  known,  for  in  1747  it  is  stated  in  the 
Philosophical  Transactions,  as  a  sort  of  curiosity,  that 
"  Mr.  Tord,  from  iron  ore  and  coal,  both  got  in  the 
same  dale,  makes  iron  brittle  or  tough,  as  he  pleases; 
there  being  cannon  tlms  cast,  so  soft  as  to  bear  turn- 
ing like  wrought-iron." 

Although  the  demand  for  iron  was  every  year 
rapidly  increasing,  the  yield  of  our  iron  furnaces  was 
almost  as  rapidly  diminishing.  Instead  of  relying 
upon  our  inexhaustible  supply  of  coal  and  iron  to 
meet  the  demand,  our  ancestors  imported  vast  quan- 
tities of  iron  from  Russia  and  Sweden.  At  length, 
however,  the  steam-engine,  under  the  guidance  of 
"Watt,  entered  into  the  service  of  industry,  and  gave 
sucli  a  stimulus  to  our  great  branches  of  manufac- 
tures, that  vast  systems  of  iron  machinery  were  being 
constantly  demanded.  Then  it  was  that  the  coal 
and  the  iron-stone  were  made  to  act  upon  each  otht 
and  the  impulse  once  given,  the  manufacture  advanced 
with  accelerated  velocity;  and  from  CI, 300  tons  pro- 
duced in  17SS,  we  have  in  1800  the  enormous  amount 
of  3,826,752  tons. 

T\'hile  the  change  in  fuel  was  being  brought  about, 
the  manufacture  declined  so  rapidly,  that  in  1740, 
the  number  of  furnaces  in  England  was  59,  being 
only  three-fourths  of  their  previous  number,  and  the 
annual  produce  was  only  17,350  tons.  As  the  use  of 
coke  became  understood,  the  manufacture  revived,  so 
that  in  1788  the  number  of  tons  of  pig-iron  produced 
was  61,300,  as  already  stated;  in  1796  the  quantity 
was  increased  to  103,793  tons ;  in  1806,  to  250,000 
tons;  in  1820,  to  380,000  tons  ;  in  1827,  to  654,500 
tons;  in  1845,  to  1,250,000  tons;  in  1851,  to 
2,500,000  tons ;  and  in  1859,  to  3,712,904  tons.  In 
this  year  the  value  of  our  exports  of  pig-iron,  bar, 
bolt  and  rod,  railway  iron,  iron  wire,  cast  and  wrought 
iron,  and  unwrought  steel,  amounted  to  £12,323,093. 
In  ISGl  our  exports  of  pig-iron  were  of  tlie  value  of 
.£1,047,318  ;  of  bar  iron,  bolt  and  rod,  £1,885,605 ; 
of  railway  iron  of  all  kinds,  £2,903,357  ;  of  iron  wire, 
£207,317;  of  cast-iron  £701,214;  of  wrought-iron 
of  all  kinds,  £2,868,923 ;  and  of  unwrought  steel, 
£727,840. 

In  1860  no  less  than  3,826,752  tons  of  pig-iron 
were  manufactured  of  the  value  of  £12,703,950,  being 
the  production  of  582  furnaces  in  blast  in  that  year, 
giving  an  average  of  6,575  tons  per  furnace,  or  about 
120  tons  per  furnace  per  week.  In  1740  the  weekly 
yield  was  only  5  tons  13  cwt.  per  furnace.  In  1788  it 
was  15  tons  6  cwt. ;  in  1790  it  had  risen  to  20  tons 
2  cwt. ;  in  1S27  to  47  tons  6  cwt. ;  and  in  1845  to 
100  tons.  In  an  emergency  as  much  as  200  tons  have 
been  produced  from  one  furnace  in  a  week.  | 


For  the  changes  that  have  taken  place  in  the  supply 
of  ore  since  this  article  was  written,  we  must  refer  to 
the  Appendix,  as  also  for  recent  improvements  in  the 
manufacture. 

the  locality  of  the  manufacture  has  also  been 
affected  by  the  change  of  fuel.  In  1740  Gloucester 
was  the  largest  iron  producing  coimty  in  Great 
Britain.  Sussex  had  the  greatest  number  of  fur- 
uaees ;  there  were  a  few  in  Kent,  and  a  few  in  the 
Midland  Counties,  and  along  the  Welsh  borders. 
After  the  introduction  of  coke,  the  coal  counties 
assumed  a  far  greater  importance  in  connection  with 
iron  than  the  woodland  districts  had  done.  Shrop- 
shire, Staffordshire,  and  South  Wales  became  impor- 
tant ;  for  some  years  past  the  greatest  quantity  of 
iron  has  been  produced  in  South  Wales ;  although 
Shropshire  and  Staffordshire  have  produced  a  superior 
metal.  Scotland  also  has  competed  successfully  in 
the  production  of  this  aU-important  metal. 

"  In  whatever  point  of  view  the  iron  trade  may  be 
considered  vith  regard  to  this  country,"  says  Mr. 
Mushet,  "  the  advantages  derived  from  its  progress 
have  been  great ;  whether  we  consider  it  as  having 
cleared  the  country  of  vast  tracts  of  wood,  affording 
at  the  same  time  an  ample  indemnification  for  the 
labour  bestowed, — the  consequent  improvement  in 
climate,  and  the  spread  of  agriculture, — as  having 
placed  us  at  the  head  of  the  manufacturing  countries 
of  Europe, — as  afl'oiding  us  at  all  times  a  plentiful 
supply  for  the  construction  of  every  species  of  ma- 
chinery,— or,  as  having  been  a  source  of  wealth  to 
many  individuals,  and,  at  the  same  time,  affording  a 
competent  recompense  for  the  labour  of  a  number  of 
our  fellow-creatures." 


Section  II. — 1r( 


S   COMPOI-X] 


Iron  is  employed  in  the  arts  in  three  different 
states, — as  crude  or  cast-iron,  as  steel,  and  as  wrought- 
iron,  the  differences  depending  upon  the  relative 
amounts  of  carbon  with  which  the  metal  is  combined. 
Cast-iron  contains  a  larger  proportion  of  carbon  than 
steel,  and  steel  more  than  wrought  or  malleable  iron, 
which  ought  to  be  quite  free  from  carbon.  In 
practice,  however,  this  is  never  found  to  be  the  case, 
although  the  best  malleable  iron  retains  only  a  very 
linute  portion  of  carbon.  The  iron  of  commerce  is 
also  contaminated  with  traces  of  silicium,  sulphur,  and 
phosphorus,  the  presence  of  which  greatly  influences 
the  quality  of  the  metal. 

ire  iron  may  be  obtained  by  introducing  into  a 
Hessian  crucible  4  parts  of  fine  iron  wire  cut  small, 
sne  part  of  black  oxide  of  iron :  this  is  to  be 
covered  with  a  mixture  of  white  sand,  lime,  and 
carbonate  of  potasli  m  the  proportions  used  for  glass 
lakmg,  or  pulverised  hard  glass  may  itself  be  used, 
ad  a  cover  being  closely  applied,  the  crucible  is  to  be 
subjected  to  an  intense  white  heat.  A  button  of 
pure  metal  is  thus  obtained,  the  traces  of  carbon 
and  silicon  present  in  the  wire  having  been  removed 
by  the  oxygen  of  the  oxide,  and  combining  with  the 
vitreous  flux  form  a  slag.  Pure  metallic  iron  may 
also  be  obtained  by  passing  hydrogen  gas  over  one 


of  the  oxides  of  the  metal  coutaiucd  in  a  tube  of  por- 
celain or  hard  glass  heated  to  dull  rcduess.  The 
reduced  metal  will  be  in  a  spongy  state,  and  by 
exposm-e  to  the  air  will  absorb  oxygen  so  greedily, 
as  to  take  fire  and  become  converted  into  a  sesqui- 
oxide ;  but  if  the  reduction  be  made  at  a  high  tempera- 
ture, the  particles  cohere,  and  the  metal  does  not 
ignite  on  exposure  to  the  air. 

i'ure  iron  has  a  white  or  bluish  grey  colour,  and 
acquires  a  brilliant  surface  by  polishing.  Its  sp. 
gr.  is  78,  and  its  cryslaliine  form  is  probably  Iho 
cube.  The  texture  of  commercial  iron  varies  accnrJ- 
ing  to  its  mode  of  preparation.  Pure  ii'on,  which  has 
been  dravni  out  under  the  hammer  in  all  directions, 
has  a  finely  granular  structure,  but  when  rolled 
into  long  bars,  as  usually  sent  into  the  market,  the 
texture  is  fibrous  in  the  direction  of  the  length.  The 
fibres  may  bo  made  evident  by  the  fracture  of  a  bar  of 
iron  under  tension,  or  by  acting  upon  it  with  dilute 
muriatic  acid.  Upon  the  perfection  of  this  fibre 
much  of  the  strength  and  value  of  iron  depends, 
although  by  skilful  management  this  silki/  character 
may  be  impai'ted  to  common  varieties  of  the  metal. 
The  ilhrmis  ph:nafffr  is  not,  however,  necessarily 
|H  ! '  '  MI ,  !-'  I  !■  :i  time  the  metal  has  been  found 
I'i  '  i'lii'  appearance,  especially  when 

.■•ni'i  '  i ;  i  I'  r-:i  ml  \ibration,  as  in  the  tension  rods 
of  .MispciiMnu  biulgi-s,  the  axles  of  locomotives  and 
of  railway  wagons,  &c.' 

Iron  is  the  most  tenacious  of  all  the  metals,  a  wire 
of  ^  th  inch  in  diameter  bearing  a  weight  of  60  lbs. 
It  requires  tiie  strongest  heat  of  a  wind  furnace  to 
fuse  it,  but  when  combined  with  a  small  proportion 
of  carbon  it  fuses  at  a  much  lower  temperature. 
Before  it  becomes  liquid,  or  when  liquid  before  it 
becomes  solid,  iron  passes  through  a  soft  or  pasty 
condition,  and  hence  crystallizes  with  ditficulty ;  but 
when  slowly  cooled  in  large  masses,  indications  of  a 
cubical  crystallization  are  obtained.  At  a  full  red- 
heat  iron  nuiy  be  hammered  into  any  form,  and  at  a 
white  heat,  two  jjicces  pressed  or  hammered  together 
cohere  :  but  in  order  that  this  operation,  which  is 
termed  iccLli- /.  m.,^  !»  :  u,  , .  ■,srul,  the  surfaces  must 
be  in  the  nil  :  '     ■     i     r  1 1  nui  oxide ;  but  as  the 

oxygen  of  th    ....  ■      .  .  ijiiJly  with  iron  heated 

to  the  welding  p^jiui.,  il  i.^  luual  to  sprinkle  a  bltle 
sand  over  the  heated  metal,  and  this  combining  with  the 
superficial  film  of  oxide  forms  a  fusible  silicate,  which 
forms  a  kind  of  varnish,  and  protects  the  metal  from 
the  air.     On  taking  the  bars  out  of  the  fire  this 
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silicate  is  by  a  rapid  motion  shaken  off,  and  clean 
metallic  surfaces  can  thus  be  brought  into  contact,  or 
the  silicate  is  forced  out  by  the  pressui'e  applied  in 
uniting  them. 

L-on,  nickel,  and  cobalt,  are  the  only  metals  which 
are  evidently  magnetic  at  ordinary  tcmperatui-es.  A 
piece  of  pure  iron  immediately  becomes  magnetic  in 
the  vicinity  of  a  magnet,  but  it  loses  all  magnetic 
pro])erties  as  soon  as  the  magnet  is  removed  to  a 
distance.  Magnetism  is  developed  in  steel  more 
slowly,  but  is  retained  more  permanently  ;  and  a  bar 
01  steel  rubbed  by  a  magnet  becomes  itself  a  perma- 
nent nuignet.  The  magnetic  properties  of  iron  di- 
minish rapidly  as  the  temperature  rises ;  a  mass  of  iron 
heated  to  redness  has  no  action  on  the  magnetic 
needle,  but  it  regains  its  magnetic  properties  in 
cooling. 

Iron  docs  not  oxidise  in  dry  air,  nor  even  in  dry 
oxygen,  at  common  temperatures ;  but  in  moist  air  it 
becomes  covered  with  a  scaly  coating  of  black  oxide 
or  rust.  The  presence  of  carbonic  acid  in  air  greatly 
assists  the  operation,  for  the  iron  becoming  cliangcd 
into  the  carbonate  of  the  protoxide  absorbs  a  ncv.' 
portion  of  oxygen  and  is  thus  transformed  into  the 
hydrate  of  the  peroxide  of  iron.  The  carbonic  acid 
disengaged  facilitates  the  oxidation  of  a  new  portion 
of  metallic  iron.  When  once  ii-ou  has  begun  to  rust 
at  one  point  of  its  surface  the  rust  spreads  rapidly 
round  this  point  in  consequence  of  a  galvanic  action, 
which  accelerates  the  oxidation.  The  small  spot  of 
rust  fonns  the  two  elements  of  a  voltaic  pile,  in  which 
the  iron  is  positive,  and  thus  acquires  for  oxygen  an 
affinity  sufhciently  strong  to  decompose  the  moisture 
of  the  air,  hydi-ogen  being  set  free.  Rust  also  con- 
tains small  portions  of  ammonia,  the  odour  of  which 
becomes  evident  by  heating  it  with  potash.  Am- 
monia, which  consists  of  hydrogen  and  nitrogen,  is 
formed  when  these  two  elements  come  into  contact 
in  a  liquid,  in  what  is  called  the  nascent  stale,  that  is, 
in  the  very  act  of  separating  from  a  body  under 
decomposition.  Now  the  moisture  of  the  air  con- 
tainmg  a  portion  of  air,  and  consequently  a  portion 
of  nitrogen  in  solution,  this  nioistui-e  coming  in 
contact  with  rust  of  kou,  is  decomposed,  and  the 
hydrogen  and  nitrogen  which  are  set  free  at  the  same 
moment  combine  to  form  ammonia.  The  ammonia  is 
retained  by  the  peroxide  of  iron,  which  acts  towards 
it  as  a  weak  acid  would  do.^  Iron  becomes  soon 
rusly  ill   pure  water,  but  not   in  wafer   containing 


the  hammer.  When  sparks  are  struck  by  the  old- 
fashioned  flint  and  steel,  minute  portions  of  the  metal 
are  struck  off,  and  being  heated  by  the  friction  of  the 
Qiut  the  oxygen  of  the  aii-  seizes  them,  and  they  enter 
into  combustion.  If  a  piece  of  iron  be  struck  with 
a  flint  oYer  a  sheet  of  white  paper,  it  will  soo 
covered  with  small  black  grains  capable  of  being 
attracted  by  the  magnet,  and  which  are  in  fact : 
globules  of  magnetic  oxide  of  iron. 

Four  compounds  of  iron  and  oxygen  are  commonly 
described.  The  first  is  the  protoxide  (FeO)  which 
acts  as  a  powerful  base  completely  neutralizing  acids. 
It  is  seldom  met  with  in  a  separate  state,  in  con- 
sequence of  its  tendency  to  absorb  oxygen  and  pass 
into  the  sesquioxide :  its  soluble  salts  have  usually 
delicate  pale  green  colour,  and  a  nauseous  metallic 
taste.  The  peroxide  (Fe^Os)  is  a  feeble  base,  and  may 
be  prepared  by  precipitating  a  solution  of  persulphate 
or  perchloride  of  iron  by  excess  of  ammonia,  and  wash- 
ing, drying  and  ignitmg  the  yellowish  brown  hydrate 
thus  produced.  In  the  state  of  powder  this  oxide  has 
a  full  red  colour  and  is  used  as  a  pigment,  for  wliich 
purpose  it  is  prepared  by  calcining  the  protosulphate, 
the  tint  varying  with  the  temperature.  This  oxide 
dissolves  in  acids,  forming  a  series  of  reddish  salts. 
It  is  not  acted  on  by  the  magnet.  The  black  oxide 
(FejOj),  also  known  as  the  magnetic  oxide  or  the 
lodestotie,  does  not  form  salts.  Ferric  acid  (FeOs)  is 
prepared  by  heating  a  mixture  of  pure  peroxide  of 
iron  with  4  parts  of  dry  nitre  ;  by  subsequent  treat- 
ment a  solution  of  ferrate  of  potash  is  formed,  which 
is  not  permanent,  but  when  baryta  is  added  a  deep 
crimson  insoluble  ferrate  of  that  base  is  formed,  which 
is  permanent. 

By  dissolving  iron  in  hydi-ochloric  acid,  green 
crystals  of  protochloride  (Fe  CI)  may  be  formed,  and 
by  dissolving  peroxide  of  iron  in  the  same  acid  the 
red  hydratcd  crystals  of  the  sesquichloride(Fe2Cl3)may 
be  produced.  The  protiodide  (Fel),  important  in 
medicine,  is  formed  by  digesting  iodine  with  water 
and  metallic  iron.  There  are  several  compounds  of 
iron  and  sulphur.  The  protosulphuret  (FeS)  is 
formed  by  bringing  a  white  hot  bar  of  iron  in  contact 
with  sulphur;  but  the  usual  method  is  to  project 
into  a  red  hot  crucible  a  mixture  of  2i  parts  of 
sulphur,  and  4  parts  of  iron  filings,  excluding  the  air 
as  much  as  possible.  It  is  a  blackish  brittle  substance 
attracted  by  the  magnet.  The  bisulphuret  (FeSa) 
will  be  noticed  among  the  ores  of  iron. 

Compounds  of  iron  with  phosphorus,  carbon  and 
silicon  exist ;  the  carburet  in  cast-iron  and  steel,  which 
it  renders  more  fusible ;  the  silicon,  compound  is  also 
found  in  cast-iron,  which  it  probably  renders  brittle,  as 
does  also  phosphorus,  the  preaence  of  which  is  sup- 
posed to  confer  the  property  technically  called  cold- 
s/iort,  while  the  presence  of  sulphur  renders  iron 
hot-sliort. 

Protosulphate  of  iron  oy:  Green  Fitrwl.'EeO,  80,,+ 
7  HO.  This  important  salt  may  be  obtained  by  dis- 
solving iron  in  dilute  sulphuric  acid ;  but  it  is  usually 
prepared  on  a  large  scale  from  iron  pyrites,  as  wiU  be 
noticed  presently.     Sulphate  of  iron  slowly  effloresces 


and  becomes  peroxidized  in  the  air ;  it  is  soluble  in 
about  twice  its  weight  of  cold  water.  The  perstilp/iate, 
FeaOj,  3SO3,  does  not  crystallize.  The  protonitrate 
FeO,  NO5,  is  not  a  very  stable  compound;  the 
peniitrate  is  formed  by  pouring  nitric  acid,  slightly 
diluted,  upon  iron;  it  is  a  deep  red  liquid  used  in 
dyeing.  The  protocarbonate,  Fe  0,  CO2,  is  formed  by 
mking  solutions  of  the  protosalts  of  iron  and  alkaline 
carbonates  :  it  exists  in  the  common  clay  iron-stone, 
and  is  often  found  in  mineral  waters. 

Section  III.— Native  and  Meteoeio  Iron,  and 
IiioN  Ores. 
Native  iron  is  of  rare  occurrence :  it  has  been  found 
ill  Saxony  and  elsewhere,  forming  the  centres  of  sta- 
lactiform  masses  of  brown  hematite.  These  metallic 
kernels  appear  to  have  been  produced  by  the  decom- 
position of  a  portion  of  the  oxide  in  which  they  are 
imbedded,  a  change  which  may  have  been  brought 
about  by  electro-chemical  agency.'  Native  iron  is 
also  produced  by  the  spontaneous  ignition  of  seams 
of  coal  in  the  neighbom-hood  of  ferruginous  deposits, 
producing  small  button  ingots  with  a  finely  striated 
surface ;  they  are  very  hard  and  fine  grained,  and  are 
known  by  the  name  of  native  steel.  Large  masses  of 
metallic  iron  exist  in  different  parts  of  the  world,  and 
other  similar  masses  have  been  observed  to  fall  from 
the  atmosphere.  These  meteorites  differ  in  structure 
and  composition  from  native  iron :  they  always  con- 
tain nickel,  which  is  not  found  in  the  ores  of  iron, 
and  they  are  covered  with  a  kind  of  black  siliceous 
varnish  which  protects  them  from  the  air ;  when  this 
is  removed  the  metal  easily  oxidises.  Some  of  the 
masses  of  meteoric  iron  have  been  used  by  the  inhabi- 
tants of  the  countries  where  they  fell,  in  making 
knives,  spears,  and  other  instruments.  There  is  a 
mass  in  South  America  estimated  at  30,000  lbs. 
weight;  one  in  Siberia,  1,600  lbs.;  anu  one  at  Agram, 
in  Croatia,  which  fell  from  the  sky  in  1750,  in  the 
presence  of  many  witnesses.  Numeroi-s  aerolites  have 
at  different  times  fallen  from  the  atmosphere;  they 
contain  other  substances  in  addition  to  iron.  A  stone, 
which  fell  at  Chateau  Renard  on  the  12th  June,  1841, 
found,  by  M.  Dufrenoy,  to   contain  per  cent. 


I;  magnesia,  38-13;  lime, 
29-44 ;  oxide  of  manganese,  a 
oda,  0-86 ;  sulphur-,  0  39  ;  ii-on. 


silica,  30-13 ;  alur 
0-14;  oxide  of  iron, 
trace ;  potash,  027  ; 
7-70  ;  nickel,  1-55. 

The  ores  of  iron  are  very  numerous,  and  we  can 
only  refer  to  a  few  of  the  most  important  in  a  metal- 
lurgical point  of  view. 

One  of  the  most  universally  diffused  ores  of  iron 
is  the  magnetic:  it  occurs  in  granite,  gneiss,  mica- 
slate,  clay-slate,  syenite,  hornblende,  and  chlorite; 
limestone   formations.     Nearly  all  the 


Sweilibli  iron  is  obtained  from  this  ore.  It  is  also  | 
abuuilaiit  iu  the  Island  of  Elba  and  in  the  United  j 
States  of  America.  The  primitive  form  of  magnetic 
iron  ore  is  a  cube,  but  it  often  occurs  in  octahedr 
and  dodecahedrons.  Its  cleavage  is  often  parallel  to 
the  faces  of  the  octahedron.  It  is  brittle,  of  an  i 
black  colour,  and  leaves  a  black  streak.  Density,  o'O 
to  5-1.  It  is  strongly  attracted  by  the  magnet, 
sometimes  possesses  independent  polarity.  It  contains 
iron,  7178,  and  oxygen,  28  ii;  or  peroxide  of  i 
69,  and  protoxide,  31. 

Specular  iron  ;  Red  Hematite. — The  crystals  of  this 
ore  aie  generally  complex  modificatious  of  the  rhom- 
bohedron,  of  a  daik  steel-grey  colour,  opaque  except 
iu  vciy  thin  lamiiit,  when  they  aie  transparent,  and 
of  a  deep  blood-ud  tinge.  It  leaves  a  reddish  streak, 
and  the  density  \aries  from  4  S  to  5  3.  Pui'e  specu- 
lar iron  consists  solely  of  peroxide  of  iron. 

There  are  several  varieties  of  led  iron  ore.  Fibrous 
iron,  or  red  hematite,  occurs  in  fibiou--  k  nifdriii  llla^^(•s. 
When  there  are  no  indications  ol  i      in    u     i    ■•\\ir 
it  is  termed  compact,  and  if  ini\i  i 
matter,  it  is  known  as  rec/ otf/i/v     U  ^  u 

has  a  foliated  structiu-e,  it  is  calkd  .      ^jit 

culav  iron  ore  is  also  called  oligiUio  u  uii,  iron  i/luucc, 
and  rhombohedral  iron.  Jaspery  clai/  iron  ore  is  of 
a  brownish  red  colour,  with  a  large  flat  conchoidal 
fracture:  wIk'u  it  occurs  in  small  flattened  grains  it 
\sc-MvAh„l,culu,  claj/iron. 

The  pmcr  \,aiLties  of  this  ore  occur  in  the  older 
format  luus .  tlic  argillaceous  ores  are  usually  met 
with  iu  secoudaiy  rocks.  The  Island  of  Elba  fur- 
nishes beautifully  crystidlized  specimens :  brilliant 
crystals  are  also  found  in  the  fissures  of  volcanic 
districts. 

Red  hematite  is  found  iu  reniform  masses  in  Corn- 
wall, at  Ulverstone  in  Lancashii-e,  and  other  places. 
[See  Hematite,  Kg.  1117.]  This  ore,  when  ground 
to  jjowder,  is  used  as  a  pigment,  and  also  for  pobsh- 

The  various  ores  of  the  peroxide  are  of  great  im- 
portance as  a  source  of  iron,  although  they  do  not 
yield  so  large  a  per-centage  of  metal  as  the  magnetic 
oxide :  the  specular  varieties  are  also  somewhat 
refractory  in  the  furnace ;  but  by  a  proper  mixture 
with  other  ores  they  yield  an  excellent  u-on. 

Brown  iron  ore  is,  as  its  name  implies,  of  a  brown 
isb  colour,  and  it  affords  when  crushed  a  yello^^ 
powder.  Its  density  varies  from  3-8  to  4-2.  WIru 
pui-e  it  yields  55  per  cent,  of  metallio  iron.  It  is  a 
hydrated  peroxide,  chiefly  found  in  sedimentary  rocks. 
Its  forms  are  often  pseudomorphic,'  and  these  may  be 
due  to  the  decomposition  of  iron  pyrites  when  it 
assumes  the  cube  or  octahedron.  It  also  occurs  in 
rhombohedrons  from  the  substitution  of  carbonate 
of  iron,  as  also  in  the  moulds  left  by  the  decompo- 


r,  54  20,  crystal 

sntly  in  pentagonal 

s  and  cubes  moic 

s  bronze-yellov 
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sition  of  shells  and  madrepores,  the  shapes  of  which 
are  assumed  by  the  mineral.  It  alio  forms  stalactites 
and  liollow  reniform  masses.  Pea-iron  is  one  of  its 
forms,  found  in  the  oolitic  formations.  When  mixed 
with  ;duminous  matter  it  acquires  a  soft  texture,  and 
is  known  as  yellow  ochre. 

This  ore  is  in  some  countries,  Erance,  for  example, 
tiie  most  abundant  source  of  iron;  and  when  washed 
to  separate  the  lighter  impurities,  it  yields  an  ( xccl- 
lent  material  for  the  manufacture  of  iron.  But  when 
beds  of  oolitic  iron  are  found  to  alternate  with 
calcareous  deposits,  the  metal  produced  is  cold-short, 
in  consequence  of  the  phosphorus  derived  from  the 
organic  matter  of  the  chalk. 

Iron  pyrites,  or  bisulphurel  of  ii 
ing,  iron,  45-74  per  cent.,  and  sulp 
lizes  in  the  cubic  system,  freque 
dodecahedrons,  also  in  oetabedro 
or  less  modified.    The  colour 

a  metalliclustre ;  the  streak,  brownish-black;  sp.gr. 
4-8  to  5  1 :  it  is  brittle,  and  strikes  ike  with  steel, 
whence  the  name  pyrites.  The  cleavage  is  parallel 
to  the  faces  of  the  cube  and  octahedro: 
in  small  cubical  ciystals,  Eii,'.  1210,  in 
various  slate-rocks 
and  coal-fields,  and 
in  globular  concie- 
tious  in  indurated 
clay  and  chalk.  It 
also  accompanies 
the  ores  of  all  the 
other  metals,    and 

of  animal  and  vege-  -/ . ;  i  -'  ■ 

table  forms.  The  crystals  from  Elba  are  very  fine ; 
very  large  cubes  are  also  obtained  from  Cornwall, 
and  large  perfect  octahedrons  from  Sweden.  It  is 
also  found  in  many  of  the  coal-fields,  where,  by  its 
oxidation  and  conversion  into  sulphate  of  ii-oii,  the 
temperature  is  in  some  cases  so  much  raised  as  to 

Iron  ]i\iii  H     1  as  a  source  of  metallic 

iron;  but   i  ln\cd  as  a  source  of  sul- 

phur iu  I!  I  lum  and  sulphuric  acid. 

//  \  has  the  same  composition  as  the 

I  11/1  b  in  forms  derived  from  the  right 

it  often  occurs  in  radiated  cryslal- 


h/.'d  11 


If 


a,  1 


I  mug- 


nctie  iron  pyrites,  , 

We  must  also  retii  1  /        nhich  occurs  so 

abuudantly  in  the  SliLtland  Inlands,  and  is  used  for 
making  chromatc  and  bichromate  of  potash ;  and  to 
tmiysiate  of  iron— Wolfram— ^MinV  has  becu  lately 
employed  for  making  tungstate  of  lead,  to  be  used  as 
a  pigment  instead  of  the  white-lead  now  in  use. 

The  ore  from  which  the  greater  portion  of  the  iron 
manufactured  in  this  country  is  obtained,  is  the  car- 
bonate. It  occurs  in  rhombohedrons  and  six-sided 
prisms,  resembling  carbonate  of  lime :  also  iu  glo- 
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bular  coucretions,  or  leuticuhi  masses.  When  pure, 
it  consists  of  protoxide  of  uou  61-37  per  cent.,  aud 
caibonie  acid  3S  03  It  is  kuown  by  the  various 
names  of  SuUnle,  Sparty  iron,  Spathose  iron.  Brown 
spai,  &.C.    Spairy  coibonate  of  ii'ou,  Tig.  1217,  often 


n  the  Hai-tz,  in 
grey-wacke; 
but  the  English 
Pig.  1217.  deposits       are 

confined  to  the  coal-formation :  it  usually  occurs  in 
horizontal  strata,  subject,  however,  to  the  same  in- 
clination as  the  other  strata  which  it  accompanies. 
It  is  generally  found  imbedded  m  schistous  clay,  more 
or  less  compact,  which  moulders  away  when  exposed 
to  the  air.  Hence  its  weU-knowu  name  of  clay  iron- 
stone. It  is  of  grey,  blue,  brown,  or  black  colours, 
with  sp.  gr.  from  2'8  to  3'5,  and  hardness  from  3'5 
to  4'5.  It  occurs,  as  already  stated,  chiefly  in  slate, 
clay,  or  marls,  in  layers  or  nodular  masses,  often 
containing  fossil  plants,  or  other  organic  bodies,  which 
seem  to  have  attracted  the  carbonate  of  iron.  In 
these  nodules,  crystals  of  siderite,  ealc-spar,  celestine, 
barytes,  quartz,  pyrites,  blende,  and  galena  often 
occur.  This  variety  is  found  occasionally  in  the  trans- 
ition rocks,  but  especially  in  the  coal  formation  of 
Britain,  Belgium,  and  Silesia  in  vast  abundance.  It 
is  more  rare  in  the  oolite  and  chalk  in  Northern 
Germany,  and  England;  and  in  the  brown  coal  of 
Badnitz  in  Bohemia,  and  other  places,  frequently  forms 
petrifactions  of  wood.  The  ironstone  is  met  with 
under  two  different  forms :  in  regularly  connected 
strata,  called  bands,  and  in  strata  of  detached  stone, 
formed  in  distinct  masses,  from  the  size  of  a  small 
bullet  to  that  of  lumps  of  several  hundred  pounds 
weight.  What  is  called  black-band,  or  carbonaceous 
ironstone,  is  also  a  carbonate  of  iron,  containing  car- 
bonaceous matter  in  addition  to  the  ordinary  earthy 
substances  found  in  all  argillaceous  ironstones.  The 
difference  between  black-band  and  clay  ironstone  will 
be  seen  from  the  analysis  of  varieties  of  the  two. 

The  carbonaceous  matter  in  the  black-band  varieties, 
Nos.  1  to  5,  materially  assists  in  the  reduction  of  the 
ores.  Mr.  Mushet  says,  in  referring  to  this  ore,  that 
instead  of  20,  25  or  30  cwt.  of  limestone  formerly 
used  to  make  a  ton  of  iron,  the  black  band  only  re- 
quires 6,  7,  or  8  cwt.  This  arises  from  the  extreme 
richness  of  the  ore  when  roasted,  and  from  the  small 
quantity  of  earthy  matter  contained  in  it,  which  ren- 
ders the  operation  of  smelting  the  black-band  with  hot 
blast  more  like  the  melting  of  iron  than  the  smelting 
of  an  ore.  When  properly  roasted,  its  richness  ranges 
from  60  to  70  per  cwt.,  so  that  little  more  than  \\  ton 
is  required  to  make  a  ton  of  pig-iron ;  and  as  1  ton  of 
coal  will  smelt  1  ton  of  roasted  ore,  it  is  evident  that 


when  the  bkck  band  is  used  alone  35  cwt.  ol  rav 
coal  will  produce  1  ton  of  good  grey  pig-iron. 

The  following  is  the  composition  of  the  celebrated 
Black-band,  (Nos.  1  to  5,)  and  other  argillaceous  iron 
ores  of  Scotland  and  Wales. 
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The  different  kinds  of  ironstone  are  known  by 
various  local  names,  many  of  which  are  given  by 
Mr.  S.  11.  Blackwell,  in  his  catalogue  of  the  series  of 
iron  ores  contributed  by  him  to  the  Exhibition  of  1 851. 
From  this  list  we  gather  the  following  particulars 
respecting  the  iron-making  districts  of  England  and 
Wales.  Details  of  later  date  \\'ill  be  given  in  the 
Appendix. 

South  Wales  is  the  most  important  iron-making 
district  in  the  world.  Its  coal-field  extends  over  an 
area  of  upwards  of  800  miles,  and  from  its  extent, 
and  the  varied  character  of  its  numerous  beds  of  coal, 
and  its  measures  of  ironstone  and  black-band,  it  may 
be  considered  as  the  most  important  of  all  our  coal- 
fields. The  number  of  furnaces  now  in  blast  is  143, 
averaging  about  100  tons  of  iron  each  per  week :  oi 
a  gross  annual  production  of  700,000  tons,  and  re- 
quiring 2,000,000  tons  of  ironstone,  which  is  princi- 
pally furnished  from  this  coal-field.  The  annual 
production  of  coal  is  estimated  at  from  5  to  0  million 
tons.  In  1796,  the  annual  production  of  iron  in  South 
Wales  was  3i,011  tons;  and  in  1823,  182,325  tons  ; 
suice  which  time  the  production  has  been  more  than 
trebled.    In  1851  it  was  750,000  tons. 

The  production  of  iron  in  North  Wales  is  very 
limited :  the  coal-seams  are  thin,  but  good  in  quality, 
and  the  ironstones,  although  lean,  furnish  very  good 

In  Shropshire,  the  annual  production  of  iron  is 
about  90,000  tons.  The  quality  is  very  good.  This 
field  was  one  of  the  fij-st  importimt  iron-making 
districts  of  the  kingdom;  but  from  its  limited  ex- 
tent the  production  has  not  increased  for  a  long 
period. 

The  Dudley  division  of  the  South  Staffordshire  and 
Worcestershire  coal-field  is  pruicipally  celebrated  for 
its  ten-yard  or  thick  coal.  When  undistm-bed  by 
faults,  and  of  average  quality,  this  bed  of  coal,  wil  li 
the  associated  thin  coals  and  ironstones,  is  worth  at 


least  1,000/.  per  aero.  The  quulity  of  tlio  iron  is  very 
sviperfor.  The  GiiLhbi  and  White  ironstones  are  the 
principal  ironstones  of  this  district.  The  Gubbui 
measures  average  about  1,500  tons  per  aere .  the 
VVliite  ironstone  varies  both  in  quantity  and  rich- 
ness ;  it  yields  from  1,000  to  occasionally  3,000  tons 
per  acre ;  but  1,500  tons  may  be  takeil  as  about  the 

In  the  TVolverhamptou  district  the  iron  occupies 
a  position  in  the  general  coal  series  below  the  thick 
coal  of  the  Dudley  district,  and  attains  a  much  greater 
thickness  and  importance  than  at  Dudley.  The  iron- 
stones are  all  of  good  quality,  averaging  from  30  to 
35  per  cent,  of  metal.  I'rom  the  low  cost  at  which 
they  are  generally  raised,  the  number  and  variety  of 
the  measures  of  coal  and  ironstone  contained  in  so 


The  annual  production  of  iron  in  South  Stafford- 
shire and  Worcestershire  is  nearly  000,000  tons.  It 
may  be  regarded  as  the  sceuud  iron-making  district 
in  the  kingdom ;  for  although  the  production  of  pig- 
iron  in  Scotland  is  equal  to  that  of  this  district,  yet 
it  far  surpasses  Scotland  in  the  manufacture  of 
wrought-iron ;  while  the  superinr  {|ii,i';ly  ihu.IikiiI 
also  gives  it  pre-eminence  over  tliai  •  \  \\    i> 

North  Staffordshire  produces  o,/,  .    '     i 

tons  of  iron,  but  it  is  of  great  iinj"-:!   i,>'    i i  i!i< 

vast  quantities  of  ironstone  which  it  contains,  and 
the  large  quantities  «  hicli  it  sends  to  the  South  Staf- 
fordshu-e  and  the  North  Welsh  iron  districts.  No 
other  known  coal-field  contams  anything  like  an 
equal  number  and  extent  of  iron-measures.  In  con- 
sequeucc  of  so  large  a  proportion  of  the  cheapest 
worked  ironstone  measures  being  black-baud  or  car- 
bonaceous, and  also  from  the  inferior  quality  of  its 
coals,  the  iron  of  this  district  is  inferior. 

In  the  northern  district  of  Yorkshire  the  annual 
production  of  iron  is  about  25,000  tons,  and  the 
quality  very  superior.  The  southern  district  produces 
about  20,000  tons. 

The  annual  production  in  Derbyshire  is  about 
60,000  tons.  Many  of  the  beds  of  ironstone  lie  in 
such  a  tluckness  of  measure  as  only  to  be  workable 
to  advantage   by  open-work  or   bell-pits,  in  which 

Northumli.  i  i  I  luiiham  pro- 
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regidar  beds.  They  contain  from  20  to  ^lO  per  cent 
of  iron.  In  sonie  cases  they  c.\ist  as  riders  to  the 
vein;  in  others,  ihey  form  its  entire  thickness,  which 
is  occasionally  20,  30,  and  even  50  yards. 

The  production  of  iron  in  the  Lancashire  and 
West  Cuii.l,r;lai;,l  r.l  iiiri  \-.  n..,,  V,  ,,!;.. I,  it  1  ■  in^ 
confined  tn  i ',    i  ',■■:■".  ,    ,  ,!■,  i   •        ■   ■  ;  ■  ■,]', 


with  coal,  and  is  of  sujjerior  quality,  although  nut 
equal  to  the  other.  The  ore  both  of  the  Whitehaven 
and  the  Ulvcrstone  and  Furness  districts  is  exleu- 

■\U^^     ,::;-,.!    i'„->lii,>„M    •,(     In    ilir    I  H  .  1 ,  ■  V,  U  rk  S   of    York- 


ditf.'r. 


of  Ilaydon  Bridge,  tin    1  and  white 

carbonates  of  Alston  auU  \\  ^  ..due,  .,.,d  the  argilla- 
ceous ironstones  of  the  lias  of  Whitby  and  iliddles- 
borough,  are  aU  used  in  the  iron-works  of  this 
district.  The  brown  hematites  are  fonnd  associated 
in  very  large  masses  with  the  lead  veins  of  this 
district,  and  they  sometimes  occur  in  distinct  and 


ih   Wal 
,  the  fin 


i  tra' 


e  form 


iun,  and  also  as  beds 

cliaracter  of  the  Ulverstone  and  Furness  ores;  while 
at  Whitehaven  there  arc,  at  least,  two  beds  of  irre- 
gular thickness,  but  with  clearly  defined  floors  and 


The  Forest  of  Dean  juoduces  every  year  about 
30,000  tons  of  iron.  The  ores  are  carboniferous  or 
mountain  limestone  ores  lying  beneath  the  coal 
measures,  which  are  not  here  productive  of  argilla- 
ceous u-onstones,  as  in  the  other  principal  coal-fields 
of  the  kingdom.  There  is  also  a  bed  of  ore  in  the 
millstone-grit  measures.  The  limestone  ore  is  ar- 
ranged rather  in  a  series  of  chambers  thau  in  a  regular 
bed.  These  chambers  are  in  some  places  of  great 
extent,  and  contain  many  thousand  tons  of  ore,  which 
is  generally  raised  at  low  cost,  no  timbering  or  sup- 
ports for  the  roof  being  required.  The  iron  made 
from  this  ore  is  of  a  red  short  nature,  and  is  espe- 
cially celebrated  for  the  manufacture  of  tin  plates. 
It  connnands  a  high  price,  and  is  extensively  shipped 
to  South  Wales.    It  yields  from  30  to  40  per  cent  of 


ores,  and  the  magnetic  oxides 
of  Dartmoor,  &c.,  are  only  just  beginning  to  be 
known.  They  produce  a  superior  iron,  adapted  to 
the  maiuifacture  of  the  finest  steel. 

In  the  Island  of  Anglesea,  Treraadoc,  Carnarvon, 
and  other  localities  round  the  North  "Welsh  coast,  arc 
ores  of  inferior  quahty,  but  lyuig  in  large  masses ; 
they  can  be  raised  at  trifluig  expense. 

In  some  parts  of  Somersetshire,  Gloucestershire, 
&e.  hematitic  conglomerates  are  found  at  the  base 
of  the  new  red  sandstone.  Their  character  as 
workable  ores  is  very  variable,  being  mixed  up  with 


s  material  as  to  be  iJmost  wortli- 
cascs  they  exist  in  regular  beds, 
;e  a  portion  of  hematite  as  to  be  of 


:   only   just 


so  much  L-X.I: 
less;  but  in 
and  contain 
importance. 

The  clay  ir-onslones  of  the  lias 
beginning  to  be  added  to  our  iron-mi 
They  furnish  an  example  of  the  unexpected  develop- 
ment of  natui-al  wealth,  arismg  from  the  facilities 
afforded  by  railroads.  Ironstone  is  raised  at  a  cheap 
rate  along  the  outcrop  of  the  beds,  on  the  coast, 
from  Whitby  to  Scarborough.  An  important  1"] 
has  lately  been  opened  at  Middlesborough.  ;\I., 
Blaokwell  has  recently  shown  the  vast  extent  ^mi 
importance  of  the  silicious  ironstone  from  the  ooliti 
near  Northampton. 

The  greensand  of  Sussex,  which,  in  consequence 
of  the  exhaustion  of  our  forests,  has  long  ceased  to 
yield  ironstone  to  our  furnaces,  may,  in  consequence 
of  the  facilities  of  transit  offered  by  railroads,  again 
be  called  upon  to  yield  supplies  of  tliis  important 
ore.     Scotland  in  the  year  1851  produced  775,000 

SbCTIOX  IV.— PMPiTvATIOX  OF  THE  OeE  iNT)  FuEL 

roK  Sjieliixg. 

L-on  ores  are  not  sufficiently  valuable  to  allow  of 
the  crushing,  stamping,  washing,  and  other  processes 
which  precede  the  reduction  of  copper,  tin,  and  other 
ores.  They  are  usually  roasted  for  the  purpose  of 
expelling  water  and  carbonic  acid,  and  producing 
that  porous  condition  which  is  favourable  to  the 
smelting  process.  The  argillaceous  carbonate, 
clay  ironstone  of  the  coal  measures,  which,  as  already 
stated,  is  the  chief  som-ce  of  the  iron  of  this  country, 
and  produces  from  30  to  33  per  cent,  of  pig  ir-on, 
loses  by  roasting  from  25  to  30  parts  in  every  100. 
The  loss  consists  chiefly  of  water  and  carbonic  acid 

The  usual  method  of  roasting  the  ironstone  is  in 
heaps,  for  which  pui-pose  a  piece  of  ground  is  levelled 
and  covered  with  a  layer  of  coal,  from  6  to  8  inches 
thick.  The  pieces  of  ironstone,  as  near  the  same 
size  as  possible,  are  arranged  upon  this,  to  the  height 
of  about  2  feet.  This  surface  is  levelled  by  intro 
duoing  small  pieces  of  ironstone  in  the  spaces  left  by 
the  larger  pieces.  Upon  this  small  coals  are  cast  m 
a  layer  of  about  2  inches.  Ironstone  is  then  piled 
up  so  as  to  form  a  wedge-shaped  heap,  and  the  hole 
is  lastly  covered  with  small  coal.  The  usual  height 
of  such  a  heap  is  6  or  7  feet,  and  its  breadth  at  the 
bottom  from  15  to  20  feet.  The  pile  is  lighted  by 
applying  coals  to  the  ground  stratum  at  the  wind- 
ward end,  and  after  having  burned  to  a  certam 
distance,  the  pile  is  prolonged  in  the  opposite  direc- 
tion. The  fii-e  creeps  slowly  along,  gradually  igniting 
the  whole  lieap  from  tlie  bottom  to  the  top.  When 
the  coals  are  all  burnt  out,  the  pile  gradually  cools, 
and  in  about  a  month  from  the  commencement  of  the 
operation  tlie  ore  is  fit  for  the  furnace. 

The  roasting  of  the  ore  is  also  frequently  carried 
on  in   furnaces  resembling  lime-kiks.     In  a  hilly 


district,  such  as  that  of  Colebrook  Dale,  they  are 
built  of  the  form  shown  in  Tia.  121 S,  bv  flie  side  of 
a  hill,  so  that  the  u.'.i.'a  ..f    ■      f         , ".   ..^  .y  be  on 


a  level  with  thi  ;:  ^:  ,    :■■..' 

is  raised,  is  whccicii  aioutr  a  raiirc 

into  them.    The  kihis  are  entirely  filled  with  it 

stone,  except  a  stratum  of  coals  at  the  bottom  ;  and 

when  sufficiently  roasted  the  register  is  closed,  :ind 

the  whole  allowed  to  cool. 

Black-band  ironstone  contains  a  considerable  pro- 
portion of  bitumen,  in  which  case,  when  once  ignited, 
it  will  continue  to  burn  for  a  long  time.  Those  ores 
which  do  not  contain  any  combustible  matter  require 
duruig  the  roasting  a  small  addition  of  coal  dust. 
Hence  the  proportion  of  coal  required  for  calcining 
clay  ironstone  varies  from  5  to  20  per  cent,  depending 
on  the  proportion  of  bituminous  matter. 

The  coal  used  i:i  the  reduction  of  the  ore  is,  to 
a  great  extent,  coked.  This  operation  is  performed 
upon  a  flat  oblong  or  chculai  surface,  c-Jled  a  hearth, 
which  IS  prepared  by  beatmg  and  puddkng  over 
with  clay  The  coal  is  arranged  on  the  heaifh  in 
pieces,  regularly  inclimng  to  each  othei,  each  piece 
being  placed  on  its  sharpest  angk   so  that  as  small  a 


surface  is  possible  may  touch  the  giound, 
cans  spaces  aie  preserved  for  the  admibbic 
id  for  the  swelling  of  the  coals  under  the  1 

building  the  pile,  a  number  of  flue  holes  a 


extending  along  llic  giouud,  and  teiinnidting  m  ver- 
tical sli.ifts  in  the  centie  Ihe  heap  is  igmted  by 
puttin;^  burning  facl  mto  these  vents,  which  aie  then 
stopped  by  small  pieces  of  coal,  to  pie\ent  the  fiie 
from  ascending,  and  to  cause  it  to  ciecp  along  the 
bottom,  wheie  the  draught  is  tieest  "HTieu  the  fires 
of  the  different  vents  meet,  the  combustion  giadually 
rises  and  bmstb  foith  on  all  sides  Soon  aftei  the 
smoke  has  ceased,  the  fire  is  covcicd  up  with  the 
dust  and  ashes  of  foniK  i  1  '  ing  at  the 

base  and  giadually  Ik    [  i  i   |i     Fiora 

40  to  100  tons  of  coil  i  th     The 

time  for  coking  dcpi  n  I  ,  i  i  [I  1  the  coal 
and  the  state  of  the  wciUici  The  cumbubtion  of 
the  volatile  mattcis  may  be  complete,  and  the  heap 
be  covered  ovei,  m  fiom  50  to  70  houis,  but  it  will 
not  be  eool  enough  foi  diawing  undei  12  oi  li  days 
Mr.  Muslitt  fouiid  the  loss  ot  weight  m  coking  to  be 
as  follows  — 

2,240  lbs.  luWofcok^      Lo^s 

office  coals 700  lbs   1,540  lbs. 

of  spbut  and  fice  coal  nii\cd  .     SIO  „     1,400  „ 
of  splint  slightly  mivcd    .         1,000  „     1,240  „ 

ofpuresplmt 1,100,,     1,140,, 

It  is  calculated  that  m  Staffordshiie  fiom  il  to  ] 
tons  of  coal,  mcluding  that  employed  foi  loastmg  tlir 
ore,  are  requued  for  the  pioduction  of  1  ton  ol  cast 
iron.  In  Wales,  wbcie  the  coal  produces  a  laigei 
per-eentagp  of  coke,  3  tons  ot  coal  suffice  fui  the 
nianufactuie  of  1  ton  of  iion 


Section   V. — Theouy  and  Pkacticl  c 


It  has  been  alieady  stated  that  oxide  of  uon  is 
easily  leduced,  if  a  stieam  ot  hjdiogen  be  passed  ovei 
it  at  a  led  heat  A  stieam  ot  caibomo  oxide  would 
be  equally  efiieaeious.  But  the  leduction  of  these 
oxides,  howevei  easy  in  theoiy,  is  difficult  m  practice, 
because  the  paitieles  of  iron,  as  they  aie  leduced, 
become  so  intimately  mixed  with  the  gangue,  that 
they  cannot  combine  oi  weld  togethei  If  the  gangue 
were  fusible  at  a  moderate  heat,  it  \\  ould  be  sufficient 
to  raise  the  oie  to  the  tempeiature  at  which  the 
stony  matteis  fuse,  and  then  subject  the  metallic 
sponge  thus  foimed  to  the  blows  of  a  heavy  bammei, 
or  to  the  compiessing  foice  of  powerful  lolleis.  The 
particles  of  uon  would  coalesce,  and  the  gangue  be 
squeezed  out  m  the  foim  of  scoinc  or  slag  If,  bow 
ever,  the  gangue  weic  lefractory,  it  would  only  fuse  at 
the  temperatuie  at  which  the  uon  in  contact  with  the 
fuel  became  convcited  mto  cad  instead  of  malleabh 
iron,  which  would  otherwise  be  obtained  The  ordmai  y 
gangue  of  uon  is  clay  or  quaifz,  two  subst  iiici^ 
infusible  by  the  heat  of  a  blast  fui  i  Ti     i        i 

determine  then  fusion,  two  metli    i  1 

the  01  e  be  very  rich,  and  it  be  i 
malleable  uon  fiom  it  by  a  dnci  t  i  I  i 
heated  m  contact  with  carbon  the  _  mgui  cimdiinc? 
with  a  poition  of  the  oxide  of  uon,  foimmg  a  very 
fusible  double  sihcate  of  alumma,  and  piotoxide  of 
iron;  while  the  other  poition  of  the  uon  is  reduced, 
and  all  thit  is  necessary  is  to  pass  the  spongy  mass 


abundant  tui   uukuig 
in  Coisici,  and  some 
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under  a  hammei  to  e\ptl  the  slag,  and  bung  about 
the  aggiegation  of  tht  ]  atKl(  ],ut  m  this  c  |  ora- 
tion a  poition  of  tli(  I  I  ^r  1,1 
amount  with  tli  it  i  ; 
process,  as  it  is  i  11  n, 
well  adapted  to  the  n  i 

cluiicoal,  as  m  the  Pyie: 
paits  of  Spam,  but  unless  tlie  oie  be  a-scivrirh  one, 
this  piocess,  w  isteful  alike  of  f  i  1  I  i  i  n  t 
be  adopted     In  the  pooiei  i  i  '  t  is 

to  cxtiact  as  much  of  the  ui  u  te 

of  alumina  must  be  lendcicd  1  i      I    1  me 

other  base  than  oxide  of  uon,  mil  I  u  tins  pi.i[ose 
the  most  economical  is  lime  But  since  the  double 
silicate  of  alumina  and  Lme  is  much  less  fusible  than 
till  siLcate  of  alumina  and  uon,  a  veiy  elevated  tem- 
peiature must  be  employed,  the  iron  coiiibmes  with 
eubou,  and  foims  ciude  oi  cast  iron,  which  is  found 
m  a  state  of  fn^i  m  bclrw  the  fused  mIic  ite  oi  s]  ,g 


finmtce,  a  section  of  which  \i 
1       1  '20,  wh'lt  Fig  1227,  will  convey 
,  \   1)^     111   I    1  its  external  appeal  anec. 

Iht  blast  fninice  consists  of  two  tiuneafcd  cone% 
.,  B,  united  at  then  bases  The  upper  pai  t,  c  ilkd  the 
one  01  bodi/,  is  foimed  by  an  mteuoi  lining  oi  ?/«;/  of 


I  flic  bucks  !(      //is  anotbei  In     ^  ul  1  i 
I  space  between  the  two  bemg  hllcd  up 
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scoviiB  or  refractory  sand.  The  ouler  casing  of  fire 
bricks  //,  is  supported  by  a  tliick  wall  of  masonry  or 
brick,  aud  tliis  is  htrougly  bound  on  the  outside  by 

stout  iiMii   Imi:'-:   1,111 -'.rd   by  long  vertical   bars, 

whcTriiv  ,     ,  iiil  sohdity  is  given  to  the 

buikliiij      ill  1  ,i-ing  is  also  traversed  by 

nunicruiij  mi::!!1  cli.-i:..!;,  to  allow  of  the  escape  of 
moisture  from  the  masonry  or  brick- work,  since  any 
pent-up  steam  might  lead  to  the  destruction  of  the 
furnace.  At  the  top  of  the  fui-nace  is  an  opening  g, 
called  tlie  ih-o»l  or  tunnel-hole,  and  above  this  is  I  lie 
chimney  r,  in  which  are  openings,  which,  with  tlie 
throat,  are  nsed  for  pouring  i:i  the  charge  of  fuel,  ore 
and  flux.  The  lower  cone  n,  called  the  /joxlies,  is 
formed  of  fire-brick  or  fire-stone,  and  ivi|iiiii  .  iii 
greatest  care  in  its  construction,  for upi 111  i'  i  i  :  i  i  i 
depends  the  continued  operation  of  the  li i  i  1 
prevent  the  formation  of  an  acute  angK  ..i  il.i  jiim' 
tion  of  the  two  cones,  forming  the  body  of  the  bobhcs, 
the  edges  are  slightly  rounded  off  by  the  introduction 
of  a  narrow  belt,  whereby  a  space  is  formed  called 
the  bel/^.  The  lowest  division  e,  called  the  hearth,  is 
nearly  tpiadrangular  in  form :  it  is  constructed  with 
lai-ge  sl.'ibs  of  refractory  sandstone  cemented  with  fire- 
clay. It  is  somewliat  smaller  at  the  bottom  than  at 
the  point  where  it  meets  the  boshes,  and  its  angles 
are  gradually  rounded  ofi'.  The  bottom  of  the  furnace 
is  formed  of  a  large  fire-stone,  supported  by  a  mass  of 
masonry  in  which  are  various  channels  h,  left  open 
for  the  escape  of  moisture  from  the  brickwork ;  and 
to  keep  the  whole  structure  dry ;  the  foundations  are 
traversed  by  two  large  arched  vaults  v,  v,  which 
intersect  each  other  just  below  the  axis  of  tlie  furnace. 
Thiee  of  the  sides  of  the  hearth  are  continued  down 
to  the  laige  fire  stone  the  fomth  side,  ii 
down  toic.  if  iindi->tmc.    \\hou  it 


tions  of  the  furnace.  The  three  continuous  faces  ot 
the  hearth  are  perforated  a  little  above  the  level  of 
the  tymp  with  holes  o  o,  for  receiving  the  nozzles  of 
tuyeres,  which  convey  the  blast  from  the  blowing 
machine  to  the  furnace.  The  vaulted  galleries  ll 
(eorrespouding  to  K  K  in  Fig.  1221),  allow  the  work- 
men to  pass  from  one  tuyere  to  another  without  loss 
of  time. 

Fig.  1221,  is  a  hoiizontal  section  of  the  furnace  at 
the  height  of  the  tuyeres  t,  .showing  also  their  arrange- 
ment and  that  of  the  pipes  o  which  connect  them  witli 
the  blowing-machine.  Each  pipe  is  furnished  with  a 
valve  worked  by  a  screw  on  the  outside,  by  which 
the  quanlity  of  air  ridinittcd  into  the  furnace  is  regu- 
!  ii  1  'i  i;'  luMi,  .,  'Alurh  are  built  into  the  hearth, 
.,'    1  iiii     ,  i   1  1  i-irun,  and  to  prevent  them 

■i   I  ill   intense  heat  of  the  furnace 
iliij    -111'  iii.ir  liii!   ■  ,  ;iud  a  current  of  cold  water 
idlow-cd  to  circulate  through  tlieiu  in  the  direction  uf 
the  arrows.  Fig. 
1222,  one  pipe 


the 


cold  water  a 
the  other  d 
charging  it  af- 
ter it  has  been  '  '  '-  - 
heated.  Wil bin  these  tiiv.  ,,  nuiizles 
of  the  blast  pipes;  and  u  ,  :  i  :  -  nrnreucc 
to  Fig.  1221,  that  by  setting  iln  luuns  ,,,,i  opposite 
each  other  but  somewhat  inclined,  the  blasts  do  not 
meet  each  other,  but  each  one  operates  upon  adifl'erent 
part  of  the  hearth  n. 

The  blowing-machine  in   common   use   is  shoun 

in   section   in 

Fig  1223     It 

consists   of   a 

hige  eylindei 

fuinished-nith 
a     pis 

tight,  the  pis 
ton  lodr  piss 


I  ill  itmg  beam  of  a  steam  engine  The 
111  1  1  d  at  the  t^^o  extiemitie  but  tlieie 
1  \  1  1  ll  1  ll  npemngs  w  »'" eommumcatiiig  m  ith  the 
t  1  111  iiid 'uo  othei  openings  v'»"commuuioatiiig 
111  I  Mil  I  h  iiuber  b,  also  of  cast  iion  The  opcia 
11  (if  ilub  ma^hme  is  as  ioUows  — Supposing  the 
,ton  to  be  descending  fiom  the  top  to  the  bottom 
the  cylindei  it  will  condense  the  irr  below  it ,  this 
11  fuice   opin   the    viUe   v'  and  c<;eipc  into  the 


11  called  the  dam  plate  The  part  of  i 
nice  below  the  tymp  is  called  the  annhle  an  1 
IS  collected  the  fused  metal  reduced  b-\  the  c  i   i 


the  denser  air  on  the  outside  forces  open  the  valve  v,  j  The   centre    port   k   passes   downwards  to   ; 


and  ruslies  in;  the  valve  v"  cannot  open  during  this 
act,  because  it  is  hung  so  as  to  open  only  from  a  into  , 
B,  not  from  b  into  a.  Supposing  the  piston  to  have 
arrived  at  the  bottom  of  the  cylinder  and  to  be  [ 
ascending,  the  air  above  it  becomes  coiulonscd  and 


ternal  opening  for  the  admission  of  the  air,  and  the 
discharge  ports  l  l,  deliver  into  tlie  passages  m,  on 
the  top  of  the  cjUnder,  Avhich  coinmuuicate  with  the 
air  main  N,  by  the  chest  o,  formed  between  the  cy- 


of  (he  cha 


'■■  1''; 


allov 


ccpialize  itself  so  that  it  may  proceed  through  o  in  a 
stream  of  tolerably  equal  density.  It  is  not  unusual 
for  eacli  blowing  machine  to  be  provided  with  two 
cylinders,  whicli  act  alternately  at  each  stroke  made 
by  the  beam  of  the  steam  engine  by  whicli  it  is  worked. 
Some  of  the  large  Welsh  'furnaces  '  cnnsumc  on  an 
average  3,600  cubic  feet  of  air  ]•<■,-  ..  :,  ,;,  ,  :  .;  :  t 
nine  ions  weight  of  air  per  li.  ■  : 
which  the  air  is  sent  into  the  Imm  ,i  ,  ,  i '^ 
•  natureof  the  fuel  and  the  season  I  iM  III' \  111-.  \\  1  i  u 
the  air  is  rarefied  by  the  heat  of  suinimr,  tlie  blowing 
machine  must  be  exerted  more  than 
in  winter,  in  order  to  supply  the  fur-  J^ 

nace  with  tlie  same  amount  of  oxy-    .   I 

gen.     Less  pressure  is  required  with    %       ^^f 

a  light  and  easily  combustible  fuel,      T 

such  as  charcoal,  than  with  a  dense  £ 


ring  of  india-rubber  inserted  between  this  pbite  and 
the  back  of  the  valve,  to  give  a  little  elasticity. 
Such  an  engine  is  capable  of  supplying  air  to  a  blast 
furnace  which  makes  160  tons  of  iron  per  week,  with 
a  surplus  blast  for  a  cupola  or  refinery.  Such  an 
engine,  with  the  piston  moving  with  a  speed  of  640 
feel  per  minutc,  is  capable  of  supplying  nearly  30 
':  I  I-!  ir  inches  of  tuyere  at  a  pressure  of  3J  lbs.  to  the 

i  i  iliniensions  of  the  blast-furnace  vary  with  the 
llinl  of  ore  to  be  smelted.  Some  are  only  36  feet 
high  including  the  chimney;  others  are  about  double 


ifci^t^',_ 


coke.  In  the  former  case  the 
sure  may  not  exceed  -^Ib.  on 
square  inch ;  in  the  latter,  the 
rage  is  about  2i  or  3  lbs. 

The  objection  to  this  form 
blowing-engine  is  its  great  size, 
the  small  velocity  with  which  the 

that  of  wM.  ,    ,        ■       ;!       i,l,    :in 
ordinary  piiii'       W  >    _:iie  is 

steam,  there   is   nn  reason  Mliy  as 
great  a  velocity  sboidd  not  be  im- 
parted   to    it,   as    a   high-pressure      ^'s'-  '2-*.  1225.    elevation  an: 
locomotive  power  is  capable  of  sup- 
plying.   With  these  views   Mr.  Archibald  Slate   of    ii  ^  '       - 
Dudley  has  contrived  a  blowing  engine,  the  construe     ;>    : 

tion  of  which  will  be  understood  by  referring  to     1 ,  ,1  ii 

Figs.  1221;  1225,  which  represent  an  elevation  and  ,  higli,  and  :.' 

plan   thereof.    A  A,  are  the  steam  cylinders,  each  10  j  

inches  in  diameter  and  with  2  feet  stroke,  and  b  b  the  |     (2)  The  spec 
blowing  cylinders,  30  inches  in  diameter  and  2  feet    ^''""J  .^""  ^'^"' 
stroke,  with  their  pistons  c  fixed  on  the  same  ]i!-t..n     „ ,',       /,  ' 
rods  D,  which  arc  connected  to  two  cranks  1;,  i;  ,    'i         i 
right  angles  to  each  other  on  the  same  sbali.      I    ■      '\  ' 
slide  valves   f  of  the  steam  cylinders  are  woiLeJ  ,  vi-i.tuv, u-la. 
by  the  eccentrics  g,  on  the  cranked  shaft,  and  the  I  o(  tiic  air  usu 
cranks   11,   at  the  outer  ends   of  the   same   shaft,    ''"'  ""^  engine 
work  the  slide  valves  l  of  tlic    blowing   cylinders.  '  ^..^..^  fi'te,i''!'o 
(1)  The  dimensions  of  the  great  b1o«  in-    ■        ■v,-!! -IV  -•  .  i      ;      '    ': 


is  from  45  to  50 
8  or  10  feet  more. 
II  be  about  6i  feet 
top;  the  boshes  S 
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feet  higli,  and  12  feet  in  diameter  at  the  top ;  the 
cavity  of  the  furnace  is  about  30  feet  high;  the 
chimney  8  feet  high,  and  widened  to  16  feet  to  allow 
the  charge  to  be  easily  tossed  in.  The  form  of 
furnace  sliownin  Fig.lSSO  is  adapted  to  the  hot-blast, 
cnld-t)last  furnaces  being  narrower  at  the  top.  Some 
of  the  largest  furnaces  are  m  South  W;des,  in  which 
the  diameter  at  the  boshes,  or  widest  part,  is  from  15 
to  18  feet  These  ha\e  a  capacity  of  7,000  cubic 
feet,  and  contaui  at  least  150  tons  of  igmtcd 
nnteuals 

Much  caie  is  lequired  in  raising  a  new  furnace  to 
the  tcmpeiituie  necessaiy  foi  the  smelting  of  lum 
A  tempmary  fire-phce  is  first  erected  at  the  lonii 
paif,  to  which  the  whole  canity  of  the  fuinacc  i 
made  to  act  as  a  chimney,  so  that  when  the  fiic  is 
h^hted,  the  diaught  is  violent,  and  much  he  it  i 
cauad  up  The  fiie  is  kept  burning  foi  about  thi( 
weeks,  at  the  end  of  which  time  the  furnace  is  -^ulh 
cicntly  di)  to  receive  a  chaige  of  coke  The  tm 
poraiy  file  place  is  Ihen  lemoved,  and  othei  prep  u  i 
tions  ai  c  made  foi  the  puipose  A  quantity  ot  igmttd 
coke  lb  thiowu  in,  and  this  is  gradually  uicreased 
until  the  M  hole  cavity  is  filled  The  quantity  requucd 
bv  a  fuinaco  of  the  a^eiage  size  is  about  99,000  lbs., 
the  vpbnt  coal  for  which  would  weigh  198,000  lbs. 
^^  lien  the  furnace  has  been  sufficiently  heated  by 
coke,  ]iiopoitionate  charges  of  coke,  ironstone,  and 
1)1  isf  tuniace  cmdtrs  are  added  At  fiist  the  iion- 
stoiic  bcais  only  a  small  pioportion  to  the  weight  of 
the  coke,  but  is  aftciwaidb  mcieased  to  the  full 
buiden  The  filling  is  coutmued  legularly,  and  when 
the  top  of  the  furnace  has  acquired  a  considerable 
dcgice  of  heat,  the  blast  is  mtioduced  Befoie 
admitting  the  blast,  the  dam  stone  and  dam  plate  arc 
laid  On  the  top  of  the  plate  is  a  slight  depiession, 
curved  outwards,  to  allow  the  slag  to  flow  off  in  a 
connected  stream,  as  it  tends  to  surmount  the  level 
of  the  dam.  From  the  dam-plate  to  the  level  of  the 
floor,  a  declivity  of  brick-work  is  erected,  down  wTiich 
the  slag  flows.  The  fauld  is  stopped  up  with  sand, 
and  the  furnace  bottom  covered  with  powdered  lime 
or  charcoal  dust.  Ignited  coke  is  then  allowed  to 
fall  down,  and  is  brought  forward  with  iron  bars 
ucarly  to  a  level  with  the  dam.  The  tuyere  holes 
are  opened,  and  lined  with  a  soft  mixture  of  fine 
clay  and  loam.  The  blast  is  first  introduced  through 
a  small  discharge-pipe,  and  afterwards  a  larger  one  is 
used.  In  about  2  hours  after  blowing,  a  considerable 
quantity  of  lava  will  be  accumulated ;  tliis  is  admittnl 
to  all  parts  of  the  hearth,  and  glazes  the  surfaces  of 
the  fire-stone.  It  then  rises  to  a  level  with  the  notch 
in  the  dam-plate,  and  flows  over.  "Wlien  the  metal 
has  risen  nearly  to  a  level  with  the  dam,  it  is  let  out 
by  cutting  away  the  hardened  loam  of  the  fauld,  and 
conveyed  by  a  chamiel  made  in  the  sand  in  front  of 
the  furnace,  to  the  place  where  it  is  cast  into  pigs, 
as  wiU  be  noticed  more  particularly  hereafter.  In  6 
days  from  the  commencement  of  blowing,  the  furnace 
will  have  wrought  itself  clear,  at  which  time  the 
charge  will  be  in  the  following  proportions : — 400  lbs. 
of  coke,  336  lbs.  of  clay  ironstone,  and  100  lbs.  of 


limestone.  This  charge  is  thrown  into  the  furnace 
every  hour.  In  the  hilly  district  of  Colebrook  Dale, 
the  blast-furnaces  are  built  by  the  side  of  a  hill,  on 


into  the  fum  ce  mouth,  as  shown  m  Eig  1226  Ne  u 
Dualey  the  ehujc  is  m  some  cases  rao\ed  by  steam 
power  up  an  inclmed  plane,  as  icpiesentcd  in  Fig 
1227 ,  m  other  cases  a  mechamcal  lift  is  emplojed 

The  action  of  these  three  substances  upon  each 
other,  leading  to  f!  (  iiuduLtiui  of  i  vitieous  shg, 
and  metallic  u  1  I     u   stated     The 
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chemical  chanjcs  by  which  these  appaiently  simple 
results  are  brought  about,  aie  somewhat  complicated 
The  charge  having  been  thrown  m  at  the  top  of  the 
furnace,  gradually  descends  until  it  leaches  the 
upper  part  of  the  boshes.  In  the  cone  the  heat  is 
not  very  great :  near  the  boshes  it  is  considerable, 
and  in  the  hearth  it  is  at  its  maxiiuum,  for  here  the 
oxygen  of  the  blast  meets  the  fuel,  and  produces  the 


most  vivid  combubtioii.  At  about  the  middle  of  the 
boshes,  the  heat  is  much  diminished,  for  the  oxygen 
i\aviiig  been  converted  mto  caibouic  acid,  this  gas 
and  tlio  nitrogen  of  the  an  of  the  blast  pait  with  a 
portion  of  their  licat  to  the  fuel  aud  the  mmeial  at 
the  lower  part  of  the  cone  ITd.  tlu  c  aboino  i.  id, 
in  contact  with  the  h(  i  ' 

c(piivalent  of  caibon, 
carbonic  oxide,  with  a  .1 
consequently  a  great    d  ! 

while  the  boshes  aie  at  a  white  ht  it,  thi  b  isl  ol  Ihi 
cone  is  only  at  a  icd  As  the  caibome  o\idc,  at  a 
high  temperature,  comes  m  contact  with  the  oxide  of 
iron,  it  reduces  it  to  a  metallic  state,  and  becomes 
converted  into  carbomc  acid.  This  acid  gas  is  also 
formed  by  the  conversion  of  the  Kmestoiie  into  caustic 
lime,  so  that  the  gases  which  escape  by  the  throat  of 
the  furnace  consist  of  nitrogen,  carbonic  oxide,  and 
carbonic  acid.  There  is  also  a  portion  of  hydrogen  and 
carburetted  hydrogen,  arising  from  tlie  dry  distillation 
of  the  fuel  in  the  upper  part  of  the  cone,  for  tlie 
coal  is  never  so  thoroughly  coked  as  to  have  parted 
with  all  its  gases.  A  certain  amount  of  moistui'c 
enters  by  the  tuyeres,  and  its  decomposition  increases 
tlic  quantity  of  carbomc  oxide  and  hydrogen.  Hence 
it  will  be  seen  that  a  vast  amoimt  of  inilammablo 
gaseous  matter  must  be  constantly  pouring  from  the 
blast-furnace  aU  the  time  that  it  is  in  action,  produc- 
ing a  great  body  of  flame  and  smoke  by  night,  and 
lighting  up  the  country  for  miles  around. 

The  chemical  changes  which  go  on  in  different 
parts  of  tlie  furnace,  have  been  tested  by  collecting 
the  gases  at  various  distances  below  the  throat  or 
tunnel-hole,  by  passing  a  wrought-iron  pipe  to  the 
depth  at  which  it  was  required  to  examine  the  pro- 
ducts of  combustion.  To  the  upper  extremity  of 
this  tube  was  conned  cd  a  leaden  pipe,  by  which  the 
gases  were  conducted  to  a  place  suited  for  their  ana- 
lysis. Near  the  throat  of  the  fm-naee,  the  hygro- 
scopic water  is  driven  off  from  the  cliarge.  When  it 
has  sunk  to  the  distance  of  10  or  12  feet  from  the 
surface,  the  combined  water  of  the  hydrated  oxide  of 
iron  begins  to  be  expelled,  aud  a  little  lower  down, 
the  carbonic  acid,  both  of  the  ore  and  of  the  flux,  is  1 
partly  set  free,  and  a  portion  of  the  oxide  of  iron 
becomes  reduced  to  the  metallic  state.  In  the  lower 
part  of  the  cone,  and  at  the  commencement  of  the 
boshes,  the  reduction  is  completed,  and  the  rest  of 
the  carbonic  acid  liberated.  At  the  lower  part  of  the 
boshes,  where  the  temperature  is  very  high,  the  lime 
of  the  flux  and  the  ash  of  the  fuel  combine  with 
the  silica  to  form  various  double  silicates,  which 
afterwards  form  a  fusible  slag.  Here  also  the  ii'on  is 
exposed  in  a  slightly  oxidising  atmosphere  to  a  very 
high  temperature  m  the  presence  of  carbon,  a  portion 
of  which  substance  combuiing  with  the  metal, 
converts  it  into  cast-iron.  The  presence  of  the  iron 
and  the  carbon  also  serves  to  reduce  a  portion  of  the 
silica,  the  silicium  combines  with  tlie  ii-on,  and  the 
oxygen  of  the  silica  with  the  carbon.  When  the 
charge  thus  modiiied  arrives  at  the  upper  part  of  the 
hearth,  the  intense  heat,  caused  by  the  action  of 
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the  blast  upon  what  remaius  of  the  fuel,  completely 
fu.3es  both  the  iron  and  the  siheates,  aud  they  pour 
down  mto  the  ciuoible  beneath  The  constiuctiou 
of  the  hearth  allows  the  melted  pioducts  to  fall 
rapidly  through  the  blast,  and  tins  is  qmte  necessxiy, 
f..i  tliL  uxih  nu'  mtluuKC  of  the  %  ist  body  oi  air 
1  "    1      !  uh,  thit  It 

ui  OMde, 

I     I    II  hing    the 


,  thu  tusul   1 


the  order  of  their  density  The  uoii  occujjymg  the 
lowest  part,  and  being  eovcied  by  the  sdicates,  is 
completely  protected  fiom  all  oxidising  influence. 
The  siheates  01  slag  occupy  a  volimie  fi\  e  or  six  times 
greater  than  that  of  tlie  kon,  so  that  as  it  rises  to 
the  level  of  the  dam-plate,  it  flows  over,  and  passes 
down  the  inclined  plane  to  the  ground,  and  when 
cold  is  removed  by  means  of  pointed  iron  levers. 
At  some  works  the  slag  is  made  to  flow  into  iron 
waggons,  whereby  it  is  moulded  into  large  blocks. 
These  waggons  run  on  a  raihvay,  so  as  to  admit 
of  being  easily  wheeled  ofi'.  The  iron  slowly  accu- 
mulates in  the  crucible,  and  in  the  course  of  8,  12  or 
more  houi-s,  according  to  the  construction  of  the 
furnace,  the  furnace  is  tupped,  and  the  liquid  metal 
drawn  off.  For  this  pui-pose  the  plug  of  rofraclcu-y 
clay,  which  closes  a  hole  in  the  bottom  of  the  crucible, 
is  pierced  with  a  long  bar.  But  before  tapping,  the 
men  prepare  for  the  reception  of  the  liquid  metal  a 
number  of  moulds  in  the  sand  which  composes  the 


■^-^'itmiM^^mn^^^^^^' 


floor  of  tne  workshop.  For  this  purpose  blocks  of 
wood  are  buried,  which  on  being  taken  up  leave  a 
number  of  parallel  trenches.  These  are  connected 
by  a  channel  at  right  angles  to  them,  and  commu- 
nicate with  the  hole  at  the  bottom  of  the  crucible. 
The  blast  is  then  shut  off,  the  plug  of  clay  removed, 
and  the  molten  stream  flows  out  sparkling  and  bright, 
the  light  and  heat  becoming  more  and  more  intense 
ns  it  roUs  on  and  increases  in  volume.     In  order  to 
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make  the  metal  flow  regularly  uito  the  side  channels, 
it  is  necessary  here  and  there  to  interrupt  the  pro- 
gress of  the  stream  by  a  long  piece  of  wood,  as  the 
metal  does  not  continue  suflioiently  fluid  to  fill  them 
up  equally  without  this  precaution.  The  moulds 
form  the  metal  into  serai-cylindrical  bars  called  pigs, 
•united  by  one  of  larger  dimensions  called  a  soio,  the 
moulds  being  so  arranged  as  to  make  the  points  of 
conncxiou  very  thin  between  the  pigs  and  the  sow, 
so  that  the  pigs  are  easily  broken  off  when  the  cast- 
ing is  cold.  When  the  crucible  is  emptied,  the  clay 
plug  is  restored,  the  blast  is  put  on,  and  the  opera- 
tions of  the  fiu-uace  proceed  as  before,  day  and  night, 
weekday  and  holiday,  for  years  together ; '  for  it  is 
absolutely  necessary  to  keep  up  the  heat  of  the 
furnace,  and  this  can  only  be  done  by  keeping  it  at 
work ;  for  should  it  once  cool  down,  this  huge  and 
costly  piece  of  apparatus  would  be  ruined. 

Tlie  quality  of  pig-iron  produced  in  an  ordinary 
blast-fui'uace  from  clay  u'ou-stone,  and  with  coke  as 
the  fuel,  is  subject  to  considerable  irregularity ;  but 
the  experience  of  years  has  enabled  the  skilful  iron 
master  to  classify  the  irregularities,  so  to  speak,  into 
marketable  products.  Sis  different  kinds  of  pig-ti-ou 
are  distinguished.  The  first  three,  named  No.  1, 
No.  2,  and  No.  3,  are  considered  as  foundri/  metal : 
they  contain  carbon  in  different  degrees,  but  all  of 
them  in  a  higher  degree  than  those  selected  for 
making  bar  or  malleable  iron.  No.  1  is  saturated 
with  carbon,  the  effect  of  which  is  to  produce  a  soft 
iron,  very  fluid  when  melted,  so  that  it  will  adapt 
itself  perfectly  to  the  shape  of  the  mould,  and  is 
hence  used  for  small  and  ornamental  eastings.  It  is 
also  so  soft  as  to  yield  readily  to  the  chisel.  No.  2 
contains  less  carbon  than  No.  1 :  it  is  not  so  soft 
when  cold,  nor  so  fluid  when  melted;  but  being 
harder  and  stronger,  is  preferred  for  those  parts  of 
machuiery  which  require  strength  and  durability. 
The  quantity  of  carbon  contained  in  these  two  sorts 
renders  them  unfit  for  being  manufactured  into  bars ; 
but  No.  3,  or  dark-grey  iron,  containing  less  carbon 
than  No.  1  or  No.  2,  can  be  used  either  for  the  forge 
or  for  the  foundry.  It  is  employed  iu  heavy  castings, 
such  as  tram  plates,  heavy  shafts,  wheels,  cylinders 
of  steam-engines,  &o.  The  next  quality  is  called  bright 
h-ou,  from  its  being  of  a  lighter  colour  and  of  a 
brighter  lustre  than  the  foregoing  varieties.  It  is 
used  for  large  castings,  but  is  not  sufficiently  fluid 
for  fine  work.  A  fifth  variety  is  mottled  iron,  the  frac- 
ture of  which  is  mottled  with  grey  and  white.  It  is 
too  thick  and  brittle  for  the  foundry,  and  its  use  is 
confined  to  the  forge.  The  last  variety  is  called 
white  iron,  from  its  silvery  wliite  colour.  It  is  quite 
unfit  for  casting  on  account  of  its  thickness  and 
extreme  brittleness.    It  contains  a  smaller  proportion 


of  carbon  than  any  other  sort  of  pig  iron ;  indeed  its 
production  often  depends  upon  a  deficiency  of  fuel  in 
the  charge. 

The  different  kinds  of  iron  present  different  pheno- 
mena in  flowing  out  of  the  furuace.  They  have  been 
well  described  by  Mr.  Mushet.  "  When  fine,  (No.  1.) 
or  super-carbonated  crude  iron  is  rim  from  the  fur- 
nace, the  stream  of  metal,  as  it  issues  from  the 
fauld,  throws  off  an  infinite  number  of  brilliant 
sparkles  of  carbon.  The  surface  is  covered  with  a 
fluid  pellicle  of  carburet  of  iron,  which,  as  it  flows, 
rears  itself  up  in  the  most  delicate  folds.  At  first 
the  fluid  metal  appears  like  a  dense  ponderous  stream, 
but  as  the  collateral  moulds  become  filled,  it  exhibits 
a  general  rapid  motion  from  the  surface  of  the  pigs 
to  the  centre  of  many  points ;  millions  of  the  finest 
undulations  move  upon  each  mould,  displaying  the 
greatest  nicety  aud  rapidity  of  movement,  conjoined 
with  an  uncommonly  beautiful  variegation  of  colom-, 
which  language  is  inadequate  justly  to  describe. 
Such  metal  in  quantity  will  remain  fluid  for  twenty 
minutes  after  it  is  run  from  the  furnace,  and  when 
cold  will  have  its  surface  covered  with  the  beautiful 
ciu-bm-et  of  iron  already  mentioned,  of  an  uncom- 
monly rich  and  brilliant  appearance." 

Yery  different  are  the  phenomena  presented  by  the 
inferior  iron.  No.  4.  Prom  all  parts  of  the  fluid 
surface  is  thrown  off  a  vast  number  of  metaUic 
sparks,  arising  from  a  cause  different  to  that  exerted 
in  the  former  instance.  The  absence  of  carbon 
renders  the  metal  liable  to  the  oxidising  influence  of 
the  atmospheric  air.  Small  spherules  of  iron  are 
ejected  from  all  parts  of  the  surface,  to  the  height  of 
2  or  3  feet,  when  they  inflame,  aud  separate  with  a 
slight  hissing  explosion  into  a  great  many  particles 
of  brilliant  fire,  forming  oxide  of  iron.  "The  sur- 
face of  oxygenated  iron,  when  running,  is  covered 
with  waving  flakes  of  an  obscure  smoky  flame,  accom- 
panied with  a  hissing  noise,  forming  a  wonderful 
contrast  with  the  fine  rich  covering  of  plumbago  m 
the  other  state  of  the  metal,  occasionally  partmg,  and 
exhibiting  the  iron  in  a  state  of  the  greatest  apparent 
purity,  agitated  in  numberless  minute  fibres  from  the 
abundance  of  carbon  united  with  the  metal."  As 
the  oxygenated  iron  cools,  its  upper  surface  becomes 
covered  with  a  scale  of  blue  oxide,  which  being 
removed,  a  number  of  deep  pits  are  presented. 
"  Tills  iron  in  fusion  stands  less  convex  than  carbon- 
ated iron,  merely  because  it  is  less  susceptible  of  a 
state  of  extreme  division;  and,  indeed,  it  seems  a 
principle  iu  all  metallic  fluids,  that  they  are  convex 
in  proportion  to  the  quantity  of  carbon  with  which 
they  are  saturated."  The  appearance  of  No.  2  and 
of  No.  3  in  a  state  of  fusion,  present  some  of  the 
phenomena  both  of  No.  1  and  of  No.  4. 

The  quality  of  the  metal  can  also  be  judged  of 
before  it  is  run  from  the  furnace,  by  the  colour  and 
form  of  the  scoria,  the  colour  of  the  crust  upon  the 
working  bars,  and  the  quantity  of  carburet  attached 
to  it.  That  cinder  which  indicates  the  presence  of 
carbonated  iron  in  the  hearth  of  the  furnace,  forms 
itself  into  circular  compact  streams,  which  become 


coiisolidaled  and  inserted  into  each  other:  these  are 
from  3  to  9  feet  in  length.  "Their  colour,  when  the 
ii-on  approaches  the  first  quality,  is  a  beautiful  variega- 
tion of  white  and  blue  enamel,  forming  a  wild  profu- 
sion of  the  elements  of  every  known  figure.  The 
lighter  or  darker,  according  to  the  quantity 
2ia\,  and  the  action  of  the  external  air  wliUe 
"\^Tien  the  quality  of  the  pig-iron  is  spar- 
bDiKiti'd,  ilic  blue  colour  is  less  vivid,  less 
iiii  I  ii;(  (  iiiiial  surface  rougher  and  more 
'i   i  II  :        I  ul' colour."  The  furnace-cinder 
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the  furnace,  a  a  is  the  wall  of  (he  furnace,  n  a 
section  of  one  of  the  syphon-shaped  tubes,  arranged 
as  in  Fig.  1230,  from  6  to  8  inches  in  diameter.  Tliese 
are  connected  by  sockets  and  iron  joints  to  horizontal 
pipes  A  of  much  greater  diameter,  e  is  tlie  firc- 
pbcc  for  hrritir.-  tlir  pipr:-,,  whioh  ar^'  SMrrouuded  by 


:]1]JJJi, 


need,  a 


finii.  ■lull  i,,M  I  y  is  so  great,  that  if  while  fluid  a 
small  irou  hook  be  iiiscrted  into  it  at  a  certain  degree 
of  heat,  and  then  di'awn  from  it  with  a  quick  but  steady 
motion,  20  or  30  yards  of  fine  glass  thread  may  be 
formed  with  ease.  When  by  accident  a  quantity  of 
this  lava  runs  back  upon  the  discharging-pipe,  it  is 
upon  the  return  of  the  blast  impelled  with  such 
velocity  as  to  be  blown  into  minute  delicate  fibres, 
smaller  than  the  most  ductile  wire.  At  first  they 
float  upon  the  air  like  wool,  aud  when  at  rest  very 
much  resemble  that  substance."  The  cinder  fre- 
quently crystallizes  in  coolmg  :  cellular  masses  form 
among  it,  which  on  being  opened,  are  sometimes  found 
full  of  perfectly  crystallized  forms. 

The  Hut-Blast. — The  enormous  quantity  of  air 
injected  into  a  blast-furnace  to  promote  the  rn-riliri:;- 
tion  of  the  fuel,  must  have  its  own  tcuiii  i  i  i  - 
raised  before  its  oxygen  can  combuie  with  tlir  . 
of  tlie  fuel  in  the  way  of  combustion.  In  I.h  i  in 
portion  of  the  heat  of  the  furnace  is  expendrd  in 
raising  the  air  to  the  temperature  necessary  for  the 
combustion  of  the  remaining  fuel :  a  second  portion 
of  the  heat  is  carried  off  by  the  nitrogen  of  the 
injected  air,  and  by  the  volatilized  products ;  while  a 
thii'd  portion  is  employed  by  the  ore  and  the  flux ;  so 
that  not  only  is  there  a  wasteful  expenditure  of  heat, 
but  the  very  means  employed  to  raise  the  temperature 
of  the  furnace,  has  the  effect  of  keeping  down  the 
temperature.  If,  however,  the  temperature  of  the 
air  be  raised  to  about  000°  before  it  is  injected  into 
the  furnace,  a  much  higher  temperature  can  be 
obtained  with  the  same  charge  of  fuel,  or  the  same 
tem])crature  with  a  diminished  charge  of  fuel.  It 
has  been  calculated  that  by  the  use  of  the  blast  at 
572°  instead  of  60°,  a  furnace  may  have  its  tempera- 
ture raised  one-eighth ;  and  supposing  the  temperature 
obtained  by  working  with  cold  air  to  average  2,700°, 
the  hot-blast  will  raise  it  to  3,060°,  making  a  differ- 
ence of  360°  in  the  effective  heat  of  the  furnace. 
Hence  many  substances  infusible  in  a  cold-blast 
furnace,  become  fusible  in  a  hot.  Coal  can  be  used 
in  the  hot-blast  furnace  instead  of,  or  mixed  with 
coke ;  less  fuel  and  less  limestone  flux  are  required ; 
and  ores  previously  unfitted  for  the  manufacture  of 
foundry  iron  can  be  smelted. 

rigs.  1229, 1230,  are  vertical  and  lateral  sections  of 
the  apparatus  for  heating  the  air  which  supplies  the 
blast.  It  consists  of  a  kind  of  stove,  in  which  the  air  is 
made  to  pass  through  a  series  of  cast-iron  ]>ipcs  before 
arriving  at  the  nozzles  by  which  it  is  injected  into 
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a  large  hot-air  chamber, 
into  which  the  gases  from 
the  fire-place  escape  by  the 

I  .iriiiiMjs  D  D  at  the  crown 

'  1     !      :i relied  covering  f. 

'i.  a  damper  placed  o 


The  draught  is  repa- 
ir the  top  by  which  the 
less  closed  by  moving  a 
coiniiound  lever.  The  large  cylinder  j.  Fig.  1230, 
commuuieates  with  the  cylinder  by  which  the  Ijlast 
is  supplied,  and  is  large  enough  to  neutralize  the 
vibrations  occasioned  by  the  oscillation  of  the  piston 
by  which  air  is  forced  into  the  furnace.  The  hori- 
zontal connecting-pipe  a,  through  which  the  cold 
air  enters  the  stove,  is  furnished  with  a  stop  or 
diaplu-agm  in  the  middle,  and  the  air,  in  order  to 
escape  by  the  pipe  on  the  opposite  side,  nuist  tiavcrse 
the  syphon-pipcs  b,  the  heat  of  which  raises  the 
temperature  of  the  blast  to  the  proper  point.  In 
most  cases  each  tuyere  is  provided  with  a  heating 
apparatus ;  aud  in  a  furnace  producing  60  tons  of 
oast-iron  per  week,  from  30  to  35  tons  of  coal  will  be 
required  in  that  time  for  raising  the  blast  to  the 
temperature  of  600°. 

It  has  been  proposed  to  employ  the  highly- 
healed  gases  which  escape  from  the  throat  of  the 
furnace,  for  the  purpose  of  beating  the  blast  with 
which  it  is  supplied.  When  it  is  considered  that  one 
of  the  large  Scotch  furnaces  yields  from  150  to  200 
tons  of  ii"on  per  week,  with  a  consumption  of  from 
300  to  400  tons  of  coal,  and  that  from  4,000  to 
5,000  cubic  feet  of  air  per  minute  is  injected  into  it, 
we  may  form  some  idea  of  the  enormous  waste  of 
heat  in  the  volumes  of  smoke  and  flame  which  are 
being  constantly  discharged  from  its  chimney.  Many 
methods  of  applying  this  waste  heat  to  the  heating 
of  the  blast  have  been  proposed,  but  most  of  them 
have  been  objectionable  on  account  of  the  difiienlty 
of  repairing  the  apparatus  without  blowing  out  the 
3n2 
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furnace,  Tlie  least  objectionable  metliod  is  that  by 
Mr.  Budd,  as  employed  at  the  Ystalyfeia  iron  works 
in  South  Wales.  The  heating  ovens  are  arranged  so 
as  to  be  quite  distinct  from  the  furnace,  so  that  they 
can  be  repaired  without  interfering  therewith.  The 
stoves  are  built  in  the  masonry  a  little  below  the 
throat  of  the  fuinace,  and  a  chimney,  25  feet  higher 
than  the  top  of  the  platform,  affords  the  means  of 
draw  iiig  into  them  as  much  of  the  hot  air  and  flame 
as  may  be  required.  This  arrangement  will  be  under- 
stood from  rig.  1231,  in  wliich  a  is  the  furnace,  b  a 
series  of  flues  situated  about  3  feet  from  the  top  for 
conveying  the  hot  air  into  tlie  chamber  c.  Pig.  1232,  in 
which  arc  placed  the  arched  pipes  d,  heated  by  the 
gases  from  the  furnace.  The  heat  of  the  stove  is  regu- 
lated by  the  chimney  e  and  its  damper/.    The 


pipes  g  connect  together  the  upright  air-tubes  d,  and 
the  side  pipes  h  convey  the  blast  which  arrives  by 
the  upcast  mains  i,  to  the  various  cross-pipes.  The 
heated  aii-  is  afterwards  conveyed  to  the  tuyeres  by 
the  downcast  pipes  >  /.  There"  is  also  a  door  k  in  the 
the  brick-work  to  allow  the  apparatus  to  cool  before 
going  iji  to  make  repairs.  The  gases  which  escape 
from  the  furnace  have  a  temperatuie  of  about  1,S00°, 
so  that  it  is  only  necessary  to  draw  thi-ough  the 
chamber  such  a  supply  (about  one-sixth  of  the  whole 
quantity  has  been  found  sufficient)  as  will  heat  the 
stream  of  air  in  the  tubes  to  600°.  To  do  this  the 
gases  should  leave  the  stove  at  800=.  If  the  tem- 
perature of  the  hot-air  chamber  decline,  it  may  be 
raised  by  slightly  elevating  the  damper  /  At  the 
Yst,-ilyfera  works,  another  portion  of  the  waste  gases 
is  conducted  through  flues,  and  made  to  heat  the 
boilers  wliich  supply  the  engine  of  the  blowing 
machine,  and  there  is  still  a  large  amount  of  heated 
ail-  and  flame  wliich  passes  off  without  doing  any 
service.  The  economy  of  fuel  by  these  arrangements 
is  about  one-third,  so  that  2  tons  of  coal  produce 
the  same  quantity  of  iron  as  was  formerly  produced 
by  3  tons. 

From  the  results  of  some  experiments  by  Messrs. 
Buusen  and  Playfair,  upon  a  hot-blast  furnace  near 
Alfreton,  in  Derbyshire,  it  was  concluded  that  SI -54 
per  cent  of  the  heat  generated  by  the  furnace  is  con- 
tinually carried  off  by  the  unconsumed  gases  escaping 
from  the  chimney.  This  estimate  appears  to  be 
excessive,  but  there  is  no  doubt  that  the  amount  of 
heat  thus  wasted  is  very  large.    In  Great  Britain, 


where  the  abundance  of  fuel  leads  to  its  extravagant 
expenditure,  little  more  has  been  done  to  apply  this 
vast  body  of  heat  to  \iseful  purposes,  than  to  heat  the 
blast  or  the  boilers  of  the  steam-engine,  as  already 
stated.  On  the  Continent,  however,  some  successful 
attempts  have  been  made  to  apply  this  heat  not  only 
to  the  above  purposes,  but  also  to  the  roasting  of  the 
ores,  and  to  the  refining  and  puddling  of  iron.  For 
this  purpose  the  gases  are  drawn  off  from  the  furnace, 
cooled  and  purified  by  being  passed  through  water, 
and  when  ignited,  they  bum  with  a  very  intense  heat. 
In  some  cases  air-pumps  are  employed  to  propel  the 
gases  to  the  places  where  they  are  to  be  used  as 
fuel. 

The  chemical  changes  which  take  place  in  a  hot- 
blast  furnace  were  examined  by  Messrs.  Bunsen  and 
Playfair,  in  1S45,  in  the  furnace  ah-eady  indicated. 
This  furnace  is  40  feet  high,  11  feet  wide  at  the 
boshes,  and  is  blown  with  air  heated  to  62C",  under  a 
pressure  of  6.75  inches  of  mercury,  the  diameter  of 
the  nozzles  bemg  2|  inches.  The  furnace  is  supplied 
in  the  course  of  2i  hours  with  SO  charges,  each  con- 
sisting of  420  lbs.  of  calcined  ore  (clay  carbonate  of 
iron),  390  lbs.  of  coal,  and  170  lbs.  "of  limestone. 
The  coal  and  ore  are  charged  in  large  lumps  :  the 
limestone  in  lumps  about  the  size  of  the  fist.  The 
product  of  each  charge  is  stated  to  be  140  lbs.  of 
pig-iron. 

In  order  to  collect  the  evolved  gases,  a  wrought- 
iron  tube  was  passed  iuto  the  furnace  to  the 
various  depths  at  which  it  was  desired  to  examine 
the  products  of  combustion;  and  to  the  upper 
extremity  of  this  tube  was  attached  a  leaden  pipe, 
by  which  the  gases  were  conducted  into  proper 
vessels  for  analysis.  At  a  certain  depth  the  heat  of 
the  furnace  was  so  great  that  the  iron  tube  became 
fused.  A  small  hole  was  therefore  bored  through  the 
masonry  from  the  front  of  the  furnace  to  its  internal 
cavity,  so  as  to  reach  the  hearth  just  beneath  the 
boshes,  at  a  distance  of  six  feet  from  the  bottom  of 
the  crucible,  .and  two  feet  nine  inches  above  the 
tuyeres.  The  gas  di-awn  off  from  this  opening  ex- 
haled a  powerful  odour  of  cyanogen ;  and  in  kindling 
it,  the  flame  exhibited  the  purple  tint  characteristic 
of  that  substance.  Analysis  showed  an  amount  of 
cyanogen  equal  to  1-34  per  cent.  The  other  results, 
as  obtained  at  various  depths  from  the  top  of  the 
furnace,  are  exhibited  in  the  following  table,  which 
will  also  show  the  various  changes  produced  by  the 
current  of  air  during  its  passage  from  the  tuyeres  to 
the  chimney : — 


Depth  from  .he, op.                     | 

sn. 

II. 

"ft 

17  ft. 

20  ft. 

:.i. 

VII. 
24  ft 

lift! 

OlefiantGas.   . 
Cyanogen  .   .   . 

54-77 

0-00 

50-95 
910 

000 

60-40 
19-77 
4-40 

0  00 

'Ill 

2997 
^2 

29-97 
000 

^000 

It  will  be  seen,  from  the  production  of  carburetted  j 
hydrogen,  tli.it  the  coking  of  the  coal  goes  on  even  ] 
to  the  depth  of  twenty-four  feet.    At  a  depth  of  four-  ' 
teen  feet,  tlie  amount  of  nitrogen  is  least ;  while  al 
the  same  depth  the  amount  of  hydrogen  and   car 
burettcd   hydrogen   is  greatest :  this,  tliercfore,  ap- 
pears to  be  the  zone  of  the  most  active  distillaliuii 
It  was  found  by  analysis  that  100  parts  of  (he  Inr 
nace-coal  yielded  a  moan  of  769  sal  ammouiar  ;  and 

as  2S0  cwt.  of  coal  were  consumed  in  IaviiiK  I' 

liours,  it  follows  (hat  3  ewt.  of  ^:.l    - ' :• 

bo  obtaiui'd  from  it,  as  a  sccninl-^;,  :  ;     I:  ', 

fuel,  through  a  chamber   containing   mnrii:M 

Tlio  quantities  of  carbonic  oxide  and  carl 

have  no  proportional  relation  to  cacli  olhn  ;  ' 
would  appear,  from  the  constant  results  nlil;iMii  i  ii 
the  depth  of  twenty-four  feet,  that  below  this  poini 
tliric  is  a  c(m(inuous  libevaduu  of  carbonic  acid,  ob- 
tained either  i'lnm  (ho  liincs( one  flux,  or  caused  by 
(lie  reduction  of  (he  oxide  of  iron,  or  probably  from 
both  sources.  Judging,  however,  from  the  average 
composition  of  the  gases  evolved  from  the  materials 
employed,  the  excess  of  carbonic  acid  may  be  due  to 
(hr  (I'l.,  (Ih  ,,,!!,, 'lo,,  of  the  ore  taking  place  at  the 
li"  1  .  !'   ■      ;  tir  most  important  feature  of  this 

iin>  :    I      :      ' I  iseovery  of  the  presence  of  largo 

(piiir  I'  I  n!'  ,1  iTilr  i,f  potassium  in  the  lower  region 
of  llu'  fninaoo.  ( )n  iulroducing  an  iron  pipe  into  the 
hole  picrood  in  (he  front  of  the  masonry  above  tlio 
tuyoios,  largo  quantities  of  this  substance  were  readily 
collected.  To  ilo  tliis,  tlie  iron  tubing,  in  order  to 
prevent  its  being  fused,  was  inserted  to  within  a 
certain  distance  only  of  the  internal  cavity  of  the 
furnace ;  and  to  its  outer  end  was  attached  a  series 
of  receivers,  in  which  the  various  products  were 
cooled  and  collected.  From  the  quantities  thus  ob- 
tained from  a  given  volume  of  gas,  it  was  calculated 
tliat  at  least  224  lbs.  of  cyanide  of  potassium  were 
daily  generated  in  the  furnace.  When  the  iron  tube 
used  in  this  experiment  was  withdrawn  from  the  hole, 
it  was  found  to  be  internally  encrusted  with  melted 
cyanide  of  potassium,  which  became  deliquescent  on 
exposure  to  the  air."  The  sources  of  the  potash 
were  the  calcined  ore,  which  contained  0'743  of 
potash,  and  the  coal,  which  contained  0'07  per 
cent.     It  had   been   shown  by   Mr.  Fowncs,    "that 
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itrongly  heated  in  an 
iidy  appears  that  the 
sulely  by  the  direct 
I  with  a  portion  of  the 
:,  also,  potash  is 
the  presence  of 


liigh  temporati 
carbon,  it  follows  that  no  formation  of  cyanide  of 
potassium  in  the  region  immediately  above  the  tuyeres 
is  due  to  the  direct  union  of  carbon  with  potassium, 
and  the  nitrogen  of  the  air.  The  presence  of  this 
substance  in  the  hearth  of  the  furnace  cannot  fail  to 
effect  extensive  chemical  changes,  and  influence,  to  a 
considerable  extent,  the  reducing  power  of  the  appa- 


ratus.    It   lias   been   sho^vn   that,   at  very  elevated 
temperatures,  this  salt  is  volatile  ;  and  if,  thor.rorc, 


again  transformed  into  cyanide  of 
s  way  we  can  easily  understand 
ion  of  cyanide  of  jiolassini 
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U 'r  ii    Iho    proportion   of  this    ■  i!i    '■  ■      li  '■■ ■    iu- 

1    '  .  'ii;i'>    J,  by  the  ac(iou  of  the   blast,   into 

n!:  i!    i    lii-niio    acid,   which   escape  in  the 

■:  I      ill    into   carbonate   of   potash,   tlio 

l.n',:i  li  uT  vaiiiii  unites  with  the  siliceous  matters 
present,  and  is  carried  off  by  tiie  slag.  It  is  evi- 
dently very  difiieult  to  determine  the  exact  nature  of 
(he  various  rhrmioal  notions  continually  taking  place 


(  t,  u  ,i,  :|  ohanges  which  arc  there  effected. 
I  i  '  I   I  :.':■<  substance  is  probably  gi-eater  in 

liui  Ij!  1  \<ui  ri  s  than  in  those  at  which  air  at  the 
ordinary  temperature  is  employed ;  but  the  quantity 
generated  even  in  the  cold-blast  furnace  must  to  a 
certain  degree  modify  the  reactions  before  described, 
and  contribute  to  the  reduction  of  the  ores." ' 

Section  VI. — The  Manupactuhe  or  Wrought 
Ibon. 

Tlio  ras(,  01-  pig-iron,  produced  by  the  oporadons 
whioli  liavo  li(  rii  thus  far  described,  is  eoutamiualcd 
willi  iiii|iiiiilios,  wliich  render  it  brittle,  and  iiioapalilo 
111'  lici'i"-  uvnio;lil,  into  shape  by  the  hammer.  The 
ii  i,ni  ;,.  1,1  I  I  chiefly  of  carbon  and  silieium, 
1(1  I  i  ii:  !:  all  portions  of  sulphur  and  phos- 
j)|i.h:,  .      li     ciiiion  and  silieium  are  got  rid  of  by 

oxidizing  influences,  sucli  as  b'  I    i  '  '         !'  air. 

The  cffcot  of  this  is  to  convirl  \'  :  i  -  :!(•  .-f 
iron,  which  forms  first  on  the     11  .     ■         !i.  Jly 

penetrates  into  the  mass.     Tio    ■  i  >     —      i    ■    loai 

reduces  the  oxide  first  fornvl,   ;        !  illio 

iron  and  carbonic  oxide  gas.     |;     .  n.ni, 

the  sUieium  of  the  iron  is  couvrili  J  oiiu  J;. Mr  .aoid, 
which,  combining  with  a  portion  of  the  oxide  of  iron, 
forms  a  fusible  silicate  of  iron.  These  actions  and 
reactions  are  continued,  until  at  length   the  whole 


mass  is  converted  into  a  spongy  mass  of  malleable 
iron  and  fusible  slag.  This  is  subjected  to  the  per- 
cussion of  a  heavy  hammer,  or  to  great  pressure, 
whereby  the  silicates  are  pressed  out.  The  whole 
of  the  silica  of  the  slag  is  not  due  to  the  silicium  of 
the  iron :  a  considerable  portion  of  it  comes  from  the 
sand  which  adheres  to  the  pigs  in  tlie  casting; 
another  portion  may  also  be  derived  from  the  coke 
used  in  the  refining-furnace. 

The  cast-iron  pigs  also  contain  small  portions  of 
svJphur  and  phosphoras,  which  must  be  carefully 
removed  during  the  refining,  as  their  presence  would 
effectually  destroy  the  valuable  properties  of  wrought 
iron.  The  separation  of  these  substances  is,  how- 
ever, a  matter  of  great  difficulty,  so  that  it  is  better 
to  get  rid  of  them  previous  to  smelting,  by  a  careful 
roasting  of  the  ore ;  but  if  the  source  of  sulphur  be 
the  iron  pyrites  of  the  fuel,  a  large  dose  of  carbonate 
of  lime  must  be  added  to  form  sulphm-et  of  calcium, 
which  then  escapes  with  the  slags.  The  phosphorus 
may  be  removed  by  similar  means  ;  but  ores  contain- 
ing much  phosphorus  or  s'olphur  can  never  be  made 
to  furnish  good  iron. 

A  fm-nace  which  supplies  iron  for  the  refinery  is 
v/orked  so  as  to  produce  that  variety  of  cast-iron 
called  white-iron,  on  account  of  its  containing  a  very 
small  proportion  of  carbon.  For  this  purpose  the 
charge  of  ore  is  large  in  proportion  to  that  of  the 
fuel ;  and  the  blast  is  urged  at  liigh  pressure  in  order 
to  determine  the  rapid  descent  of  the  ore.  The  ore 
ought  to  be  of  good  quaUty. 

The  English  method  of  refining  pig-iron  consists  of 
two  consecutive  operations  carried  on  in  separate 
furnaces.  In  the  first,  which  is  called  the  fmi/iff- 
furnace,  or  the  repiery,  the  metal  is  melted,  and,  after 
being  exposed  to  the  blast  of  numerous  tuyeres, 
accumulates  in  the  bottom  of  the  crucible,  whence  it 
is  ruu  off  into  a  flat  mould.  By  this  operation  it 
loses  a  considerable  pu'Uon  of  tlie  carbon,  and  nearly 
all  the  silicium,  becomes  very  hard  and  brittle,  and 
its  surface  covered  with  small  blisters  similar  to  some 
of  the  varieties  of  steel.  In  this  state  it  is  called 
fine  metal.     It  is  broken  up  and  transferred  to  what 


The  refinery  is  usually  built  on  a  mass  of  brick- 
work, about  nine  feet  square,  and  the  hearth  is  raised 
only  a  small  height  above  the  level  of  the  floor.  The 
hearth  n,  Pigs.  1233,  1234,  is  2J  feet  wide,  and  3i 
feet  long.  It  is  formed  by  the  junction  of  four  cast- 
iron  troughs,  I,  through  which  a  stream  of  cold  water 
is  made  to  circulate,  to  prevent  them  from  being  fused 
by  the  heat.  The  bottom  of  the  crucible  is  of  gi-it- 
stone  or  argillaceous  sand,  and  is  slightly  inclined  in 
the  direction  of  the  tapping-hole  o.  The  air,  which  is 
supplied  by  blowing  cyUnders,  similar  to  Fig.  1223, 
enters  the  hearth  through  the  six.  tuyeres  t,  wliichare 
inclined  at  an  angle  of  from  25°  to  30°,  and  so 
arranged  that  the  blast  from  each  may  be  directed 
towards  the  face  of  the  opposite  side  of  the  furnace, 
not  in  opposition  to  the  opposite  tuyere.  The  tuyeres 
are  furnished  with  double  casings,  tlirough  which 
cold  water  is  constantly  running.    A  supply  of  water 


is  called  a  puddltny-fumace,  in  which  the  operatioi 
decarbonization  is  completed. 


is  brought  by  a  pipe  p  into  the  reservoirs  e,  whence 
it  passes  to  the  tuyeres,  through  the  pipes/  and 
escapes  through  the  tubes  c'  into  the  tanks  id,  into 
which  the  water  from  the  iron  troughs  flows  by  the 
syphon  tubes  c.  A  furnace  of  this  kind  consumes 
about  400  cubic  feet  of  air  per  minute.  This  is  sup- 
plied by  the  pipes  t,  which  are  furnished  with  screw- 
valves  at  s  for  regulating  the  supply.  Above  the 
hearth  is  a  chimney  IC  to  18  feet  high,  supported  by 
four  cast-iron  columns,  so  as  to  allow  free  access  to 
the  fire  on  all  sides.  Tlie  tapping-hole  o  is  placed  in 
one  of  the  shorter  sides  of  the  hearth,  and  by  it  the 
melted  metal  and  the  slag  flow  out  into  Ihe  mould  c, 
where  the  metal  is  cooled  by  quenching  with  water. 
The  plate  of  fine  metal  thus  formed  is  about  10  feet 
long,  2i  feet  broad,  and  2  inches  thick.  A  thin  crust 
of  slag  forms  upon  its  surface;  but  the  greater 
portion  is  collected  in  a  small  pit  at  the  lower  end  of 
the  mould.  As  soon  as  one  charge  of  metal  is  ran 
out,  the  hearth  is  prepared  for  another.  The  work- 
man first  detaches,  by  means  of  a  long  rod,  any  por- 
tions of  metal  that  may  be  adheriug  to  the  sides  of 
the  furnace ;  he  then  presses  down  the  fuel,  throws 
in  a  fresli  supply  of  coke,  and  levels  it  to  the  proper 
height :  upon  this  he  arranges  six  iron  pigs,  four 
parallel  to  the  long  sides  of  the  fm-nace,  and  two 
across.  The  weight,  which  may  vary  from  20  to 
30  owt.,  lakes  about  two  hours  in  refining,  and  tlio 


less  is  from  13  to  17  per  cent.  lu  about  a  quarter  of 
an  liour  the  iron  melts  down,  ami  falls  in  drops 
through  the  blast  to  the  bottom  of  the  furnace.  A 
portion  of  the  metal  thus  becomes  oxidized,  and, 
uniting  with  the  silica  of  the  fuel,  and  also  with  that 
formed  by  the  oxidizmg  of  the  silicium  of  the  metal, 
forms  a  fusible  vitreous  slag,  which,  being  rich  in 
oxide  of  iron,  exerts  a  powcrfid  decarbonisiug  action 
on  the  ii-on  on  which  it  floats.  To  promote  tlicsc 
changes,  the  blast  is  made  to  pl^y  kjih,  ;"ir  f:  r>l 
mass  for  a  considerable  time  aft rr  I!  .    v,  h.  .-.r 

iron  has  been  collected  at  the  bolfnii:  ■:  ,    '     . 

During  this  time  the  fuel  is  liftril  ii^i  iu  ;!,r  n,..  ,  n 
caused  in  the  metal  by  the  escape  of  carbonic  oxide 
produced  by  the  reaction  of  the  rich  silicate  of  iron  of 
the  slag.  When  the  decarbonization  is  thought  to 
be  sufficiently  advanced,  the  hole  o  is  opened,  and  the 
metal  allowed  to  flow  into  the  mould.  A  considerable 
quantity  of  cold  water  is  thrown  upon  it,  whereby  it 
becomes  extremely  brittle  and  sonorous.  The  slags 
are  then  broken  in  pieces  for  the  puddling-furnace. 
About  10  tons  of  cast-iron  may  be  passed  through 
the  refinery  iu  the  course  of  tweuty-fonr  hours,  with 
the  consumptiou  of  from  i  to  5  cwt.  of  coke  for  each 
ton  of  metal  refined.  For  the  better  kinds  of  kou, 
such  as  that  used  for  the  mauufactuie  of  tin-plates 
and  iron  wire,  where  the  tenacity  of  the  pure  metal 
is  required,  coke  is  too  impure  a  fuel ;  charcoal  is 
therefore  used;  but  as  with  this  fuel  the  metal 
collects  into  clots  or  lumps,  they  are  formed  iato  a 
bloom  which  is  conveyed  to  the  helve,  and  flattened 
into  thiu  plates,  preparatory  to  being  finished  in 
another  furnace. 

In  the  puddling-fui-nace,  shown  in  sectional  eleva- 
tion and  plan.  Figs.  1235, 1236,  the  hearth  .\  is  of  fire- 
brick set  on  edge,  or  it  is  a  plate  of  cast-iion,  covered 
with  a  layer  of  slag,  which  is  made 
to  incline  towards  b,  where  there  is 
a  considerable  fall  to  allow  of  the 
escape  of  the  slags  formed  dmiig  the 
process  of  puddling;  and  they  are 
removed  by  the  Jlosslwie,  h.  The 
iir:,:  ill  is  about  G  feet  long  and  4  feet 
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with  the  grate,  is  usually  closed  by  heaping  up  the  coal 
used  for  the  fuel.  The  opening  d  communicates  with 
the  hearth,  or  sole  of  the  furnace,  and  is  chiefly  used 
for  working  the  metal  with  an  iron  bar  dm-iug  the 
process  of  puddling.  It  is  closed  by  an  iron  frame 
fdled  with  fire-bricks,  and  is  raised  by  a  chain  and 
lever.  Another  opening  nearer  the  chimney  is  used 
for  charging  and  for  cleaning  out  the  furnace  at  the 
end  of  an  operation.  The  whole  furnace  is  very 
strongly  built :  it  is  encased  with  cast-iron,  and  held 
together  by  clamps  and  wedges.  The  chimney  is 
also  strengthened  by  iron  ties. 

The  charge  of  fine  metal  is  piled  up  on  the  sides  of 
the  hearth,  until  it  nearly  touches  the  dome,  the 
centre  of  the  sole  being  left  clear  for  working  the 
ciiarge,  and  allowing  the  hot  air  to  circulate  about  it. 
A  portion  of  rich  slag  and  ii'on  scales  is  added ;  the 
doors  and  the  damper  at  the  top  are  closed,  and  frcsQ 
fuel  is  added  to  the  fire.  In  about  half  an  hour  the 
metal  begins  to  melt  and  flow  on  the  bottom  of  the 


to  about  20  inches  towards  the  chimney.  It  is  heated 
by  a  fire  at  p,  from  which  it  is  separated  by  a  bridge 
b  10  mches  high.  The  fire-bars  are  made  movable  for 
the  pui-pose  of  removing  the  cUnkers;  and  the  di-aught 
is  determined,  through  the  furnace,  by  a  chimney  from 
30  to  50  feet  high,  furnished  at  the  top  with  a  damper,  D, 
which  can  be  raised  or  lowered  by  means  of  a  chain 
and  lever.     The  opening  at  e,  which  communicates 


hole  in  the  working  door,  passes  in  an  iron  rod,  and 
sttts  up  the  molten  metal  so  as  to  expose  fresh 
surfaces  to  the  oxidizing  influence  of  the  draft,  and 
moves  it  further  from  the  bridge,  to  prevent  the  whole 
of  the  charge  from  running  together.  When  the 
charge  is  brought  into  a  uniform  pasty  mass,  the  fire 
is  lowered  by  gradually  closing  the  damper,  and,  if 
necessary,  throwing  a  little  water  into  the  funiace. 
The  metal  now,  from  the  escape  of  carb.mlc  oxide 
gas,  assumes  the  appearance  of  l  ir;:;,  .^  1  •'•■.•  u''is 
burns   at   the    surface   with   ii      >  line 

flame.     The  metal  is  kept  conM  :.; /.  v    !:  an 

iron  paddle,   so  as  to  eximsp   \\  -,  ii  the 


1.    '% 


action  of  the  gases ;  the  direct  action  of  the  atmo- 
sphere is  avoided  as  much  as  possible  by  keeping  the 
working-door  closed,  otherwise  the  metal  would  be 
too  nmch  oxidized.  By  continuing  to  work  the  metal 


it  loses  its  consistency,  and  becomes  sandy,  or,  as 
the  workman  calls  it,  dry  :  the  evolution  of  carbonic 
oxide  ceases,  but  the  puddler  continues  to  work  the 
metal  unfil  it  appears  uniformly  granular.  The  fire  Ls 
then  gradually  urged,  and  the  increased  temperature 
causes  the  sandy  pai-ticles  to  agglutinate  ;  the  iron  is 
then  said  to  work  heavily.  A  portion  of  the  slag  is 
run  off  through  the  flosshole,  and  the  man  then  pro- 
ceeds to  luU  up,  or  to  form  the  iron  into  balls.  For 
this  purpose  he  attaches  a  small  portion  to  the  end  of 
his  paddle,  and,  rolling  it  round,  other  fragments 
weld  on  to  it.  "WTien  a  ball  of  CO  or  70  lbs.  •n-eight 
has  been  formed,  it  is  detached  from  the  paddle,  and 
another  is  formed  in  a  similar  manner.  When  the 
whole  of  the  charge  has  been  balled,  it  is  moved  into 
the  hottest  part  of  the  furnace,  by  means  of  a  kind 
of  rake  called  a  dolly,  and  the  fire  is  urged  so  as  to 
weld  the  metallic  particles.  Each  ball  is  then  lifted 
out  of  the  furnace  by  means  of  heavy  tongs,  and  con- 
veyed to  the  shingling  hammer,  or  to  the  squeezer, 
where  an  iron  rod  is  welded  to  it  by  way  of  a  handle ; 
the  slag  is  pressed  out,  and  the  metal  consolidated. 
The  whole  operation  of  puddling  occupies  about  :^  \ 
hours.  At  tlie  end  of  the  first  20  or  25  minutes,  th 
metal  begins  to  fuse,  and  in  another  hour  is  com- 
pletely reduced  to  a  sandy  state,  in  which  it  is  kept 
for  another  half  hour,  when  the  balling  is  commenced 
and  occupies  about  the  same  time.  From  10  to  11 
charges,  of  3  J  to  5  cwt.  each,  are  passed  through  the 
furnace  in  the  course  of  21  hours.  The  fine  metal 
loses  about  9  per  cent,  in  the  puddling,  and  occasions 
the  consumjition  of  about  its  own  weiglit  of  coals. 
The  hanmier  used  in  compressing  the  balls  is  shown 


I  cam-ring  hag,  about  3  feet  in  diameter,  fixed  to  a 
powerfid  shaft  s,  wliich  is  turned  by  steam  or  water 
power  assisted  and  regulated  by  a  heavy  fly-wheel,  a 

'  portion  of  which  is  shown  in  the  figure.  In  this 
way  the  head  is  lifted  from  16  to  21  inches,  and 
makes  from  75  to  100  blows  per  minute.  "When  it 
is  desii-ed  to  suspend  the  operation  of  the  hammer, 

\  the  rod  p'  is  pulled,   this   brings  into  a  vertical 

I  position  the  prop  f,  which  supports  the  hammer  and 
keeps  it  free  of  the  cams. 

The  squeezer,  which  sometimes  takes  the  place  of 
the  hammer,  is  shown  in  Fig.  1 2  39.    It  consbts  of  two 


in  Fig.  123S.  It  is  made  of  cast  iron,  and  is  about 
10  feet  long,  the  weight  of  the  helve  being  about  3^ 
or  4  tons.  The  axis  a  rests  on  heavy  plummer  blocks 
well  secured  by  strong  bolts  passing  through  courses 
of  wooden  beams  into  a  foundation  of  masonry.  The 
wood  serves  to  diminish  the  concussion  of  the  pon- 
derous mass.  The  head  n  is  of  wrought  iron  faced 
with  steel,  and  weighs  from  7  to  S  cwt :  it  is  passed 
through  a  hole  in  the  helve  and  weE  secured  with 
wedges.  The  pane  of  the  hammer  p  as  well  as  that 
of  the  anvii  is  formed  into  a  series  of  grooves  for  the 
purpose  of  better  nipping  and  compressing  the  ball. 
The  face  of  the  anvil  is  supported  on  a  block  of  iron 
i  of  about  4  tons  weight.  The  head  is  raised  by  a 
number  of  cams  c,  fixed  in  a  heavy  collar  b,  called  the 


the  meeting  faces  of  the  jaws  are  foiTowed  with 
numerous  grooves  in  order  to  hold  fast  the  bloom. 
The  lower  jaw  b  is  hollow  to  allow  a  current  of  water 
to  flow  through  it  to  keep  it  cool.  The  upper  jaw  is 
I  set  in  motion  by  the  shaft,  and  the  crank  k  worked 
I  by  the  fly  of  wliich  d  is  the  centre.  This  press  is 
1  said  to  squeeze  out  the  slag  more  thoroughly  and 
expeditiously  than  the  helve  does,  but  on  this  subject 
there  is  a  difference  of  opinion  among  iron  masters. 
I  Nasmyth's  steam-hammer  has  also  been  applied  to 
the  same  purpose. 

As  soon  as  the  slag  is  pressed  out  of  the  bloom, 
and  while  it  is  still  at  a  red  heat,  it  is  passed  between 
cylinders  or  rolls.  Fig.  1240,  which  serve  to  compress 
and  weld  together  the  metallic  particles,  to  express 
the  last  portions  of  the  slag,  and  to  draw  out  the  iron 
into  bars.  Two  sets  of  rolls  are  usually  employed, 
the  one  called  roughing  roUs,  which  prepare  the  iron 
for  the  finishing  rolls,  the  latter  being  differently 
grooved  according  to  the  section  intended  to  be  given 
to  the  bar.  The  rolls  b  k'  r"  b'",  are  mounted  one 
above  the  other  in  pairs  in  a  massive  iron  frame-work 
u  u,  connected  by  heavy  couplings  de,  tightly  screwed 
together.  Motion  is  communicated  by  strong  toothed 
wheels  made  to  turn  either  way,  and  the  distance 
between  the  roUs  is  regidated  by  screws  s  s,  attached 
to  the  bearings  in  which  the  trunnions  work.  The 
bearers  6  are  connected  at  the  upper  part  by  stout  iron 
bars,  which  are  used  to  support  the  heavy  tongs  used 
in  lifting  the  blooms.  Below  the  roller  frame  is  a 
channel  through  which  a  stream  of  water  flows,  and 
in  it  is  collected  the  scale  which  falls  from  the  surface 
of  the  heated  iron  wldle  passing  tlirough  the  rolls ; 
and  a  stream  of  water  is  made  to  play  from  a  small 
pipe  I  upon  each  pair  of  rolls  to  keep  them  cool.  The 
whole  arrangement  rests  upon  a  massive  foundation 
of  timber,  masonry  and  cast  iron.     The  roughing 


u  the  cleai  between  the  beareis, 

i(t<i      '  r-ioh  of  these  rolleib 

1      ,    legularly  deoi  easing 

1  ananged  that  the 

1  by  the  meeting  of 

,ibut   (I     dhpsL  iounul  bj  tliL 
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junction  of  the  t\\o  gioovts  which  come  next  in 
succesbion.  The  smaller  axis  of  each  ellipse  is  aLo 
mvambly  piependieuhr  to  the  suilaee  ul  the  two 
cylinders,  by  the  meetings  of  which  it  ib  Ic  imctl ,  unl 
foi  this  leasoii,  cvciy  bar  which  his  pass(  d  1  <  I  h  k  u 
the  loUois,  IS  m  dc  to  desriibc  %  quaitti  icvdutnn 
bcfoie  it  cuteu  the  gioo\ts  wliich  ouiu    n  \1  m  tin 


leULs,  and  is  thut.  cqu  dly  cumpR^sid  and  di 
n  all  its  paitb  '  lherou£,hmg  andpiepaima 
ire  usually  airanged  on   distinct  loUcrs,  a 


md  on  a  level  with 

I'll  lower  1  oil  lb  a  thick 

L '  L  1  I  li        I    'L  1         ^/^//,  foi  suppoitmg  the 

01  mab&cb  ol  nun  which  aie  to  be  passed  thiough 

le  iron  produced  m  this  way  is  haid  and  buttle 
subject  to  flaws  and  impeifeetious 


adxpted  to  radway  bai 
the  bloom  of  puddled  i 


which  aie  ptepai  d  1 
thiongh  grooM  1 

b    aluidy 

I    it  lengths 

1  1  i  ^    1.  il   Lonsistiug  of 

ilj  bolted  cuttmg  edges  a  h 

of  hardened  steel     The 

lower  blade  is  fixed,  but 


iched  by  a  levei  r 


gill, 


tlnl 


the  shcai 

divided  by  the  jaws 


by  which  the  powei  is 

supplied,    the    jaws    of 

to  open  and  shut  alternately 

nioie  m  thickness   are   easdy 


mole  intense  heat  bung  rcrpiii    I      I     i    i  iii  to 

pieserve  tne  faggots  fiom  th(  i  i  i   ot 

the  an   so  tint  no  au  is  allow  i    I      ,      i   <  ^ 

'  ili  it  which  has  passed  thiou^n  iln  ^i  m     \\  Inn 

I  shave  attained  the  pi  opei  wcldiu-,  hi  it  thty 

II  out  one  at  a  time  and  thiown  to  the  men  at 

I    Inn  lau^  Kill    who  pisb  theinthioughthcgino\cs 

isinuill    M       '  '    '  I  B'-t  ^'''oreqiuied  section 

and  diim  i  I  n  Ins  cooled  below  the 

piopci  I  iii-C     The  fimshing  lolls 

are  fuime  I     n  u       i      i     m  itcly,  and  icvolve  vt  a 

much  highci   speed   thin  the  loughiii^'  mlK      llie 

lattei  nuke  about  70  revolutions  pci   mniute     mils 

of  medium  s  7e  about  lin  and  small  lolK  '  0  m  ^  (II 


Kill    f 


A  numbei  of  the  short  lengths  thus  produeed  a 
'piled  01  faggoted  togethci  in  a  reverbcratoiy  fuiuac 
which  differs  chiefly  from  the  puddhng  furnace 


by  moans  of  cogged  wheels  causes  the  otliei  two  to 
revolve  in  contiaiy  dueetions  The  lieited  bai  is 
passed  between  the  fiist  and  si  mud  mils  md  then 
leturned  from  the  othei  sidi  lil        n    n  il   md 

thud      Sheet   iron  is  mad      I  i  i  I  d 

between   smoothfaced  roll,  i  imlh 
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being  ,1  I  I  I     "1  fhe  hist 


intended  for  the  manufaefuie  ot  tin 

1  by  bemg  subjected  to  hydnulie 

en  two  smooth  smfaees  of  cast  uon  ' 

c  shoit  lengths  which  compose  the  pil, 


produce  a  fibre  in  the  bar,  whicli  in  good  iron  is 
always  perceptible  however  perfect  the  weld.  In 
rolling  flat  bars,  the  layers  of  the  pile  are  kept 
horizontal,  in  order  that  the  fibres  may  be  as  straight 
and  parallel  as  possible.  The  experienced  blacksmith 
in  working  up  his  bars  always  attends  to  the  direction 
of  the  fibre,  because  by  doing  so  he  can  make  the 
most  of  his  iron  and  increase  the  strength  and  tough- 
ness of  the  articles  produced. 

Bar  iron  is  known  in  the  market  by  the  names 
common  iron,  best  iron,  best  best  or  chain-cable  iron. 
The  difTerent  kinds  of  iron  used  in  the  manufacture 
of  gun-barrels  are  described  under  Gun. 

Two  common  defects  of  bar  iron  are  known  as  red 
short  and  cold  sliort.  Red  short  iron  is  that  which 
cracks  when  bent  or  punched  at  a  red  heat,  although 
it  iii:iy  be  sufQcieutly  tenacious  when  cold.  Cold 
^liiit  ii-ii  i'li  i'lT  contrary  is  weak  and  brittle  when 
!i;i  (  I  '  M nrked  without  difficidty  when  hot. 
i  I  I  r  of  iron  may  be  tested  by  nicking 

1  ,:  1,  I,  ,  lili  a  chisel  and  then  breaking  it  or 
doubling  it  down  at  the  notch.  If  the  iron  be  cold 
short,  it  will  break  off  at  once  with  the  blow  of  a 
sledge-hammer.  But  if  tlie  bar  be  of  good  quality,  it 
will  not  break  ofT  but  bend  double,  and  those  portions 
of  it  to  the  depth  of  the  notch  on  both  sides  will 
separate  a  little  from  the  body  of  the  bar,  and  split 
up  like  a  piece  of  fresh  ash  stick,  exhibiting  a  clear, 
distinct,  silky  fibre.  If  this  appearance  be  produced 
on  a  cold  bar,  and  it  be  then  raised  to  a  cherry  red 
heat  and  bent  fii-st  in  the  direction  of  the  pile,  and 
then  at  right  imglfs  to  it  without  cracking  on  the 
outer  sidr  iif  ill  III  ml.  Ii  I  .  >ii'r\>  ',!i;i:i  quality,  neither 
red-shoil    n   i    i  '.  ill  amount  of 

phospht.ru^  -'I  small  a  pro- 

portion as  0  .J  JUT  L\..i.  Ii:i'-iiig  Ijllu  luuud  to  make  it 
cold-short.  Sulphur  has  been  assigned  as  the  cause 
of  the  red-short  property  of  wrought  iron;  the 
presence  of  only  00001  of  sulphur  renders  the  ii-on 
very  difficult  to  work  at  a  weldmg  heat.  A  cold-shorf 
iron  is  generally  produced  from  a  lean  ore,  in  which 
case  it  has  been  found  desirable  to  mix  with  it  the 
rich  red  hepatic  ore  of  Lancashire  and  Cumberland, 
which  if  smelted  alone  would  produce  red-short  iron. 
In  this  way  two  opposite  defects  are  made  to  correct 
each  other,  and  iron  of  average  strength  is  produced. 

Section  VII.— The  Manufacture  op  Steel. 
Iron  in  its  pure  form  is  known  oidy  to  the  scientific 
chemist ;  in  its  manufactured  state  it  is  never  entirely 
free  from  carbon  and  other  substances.  The  carbon 
appears  to  be  only  mechanically  mixed  with  the  metal, 
a  peculiar  process  being  required  to  efi'ect  a  chemical 
union  between  the  two,  the  result  being  a  carburet  of 
iron  or  steel.  Less  than  \  per  cent,  of  carbon 
chemically  combined  with  iron  develops  those  remark- 
able properties  which  distinguish  steel  from  iron,  and 
adapt  it  to  purposes  for  which  iron  is  inadequate. 
Thus  steel  is  so  much  harder  than  iron  that  it  will 
cut  and  file  it ;  steel  will  sciatch  the  hardest  glass ; 
strike  sparks  with  siliceous  stones  ;  it  is  denser  than 
iron,  has  a  finer  grain,  assumes  a  brighter  and  whiter 


lustre  when  polished,  acquires  greater  elasticity 
retains  magnetism  more  permanently,  and  does  not 
rust  so  easily.  When  heated  it  assumes  varioua 
beautiful  tints  of  colour,  and  if  suddenly  cooled  it 
becomes  harder,  more  brittle,  and  less  phable  than 
iron.  Indeed  the  chief  value  of  steel  depends  upon 
the  ease  with  which  it  can  be  hardened  and  tempered 
to  any  degree  between  extreme  hardness  and  soft- 
Ordinary  wrought  iron  may  contain  about  0'25  per 
cent,  of  carbon  without  having  that  property  of  steel 
whereby  it  becomes  hard  by  being  suddenly  cooled  in 
water:  but  with  0'50  to  0-60  per  cent,  of  its  weight 
of  carbon,  it  emits  sparks  on  being  smartly  struck 
with  a  flint.  But  the  quantity  of  carbon  required  to 
render  iron  steely,  depends  greatly  on  the  purity  of 
the  metal :  shear  steel  after  tiltmg  contains  from  1  to 
1'5  per  cent,  of  carbon :  with  more  than  1-75  per  cent, 
the  steel  cannot  be  welded.  Iron  with  2  per  cent,  of 
carbon  cannot  be  forged ;  but  with  19  per  ceut.  of 
carbon  iron  may  with  care  be  worked  under  the 
hammer ;  and  this  appears  to  be  the  extreme  point  of 
carbonization  beyond  which  steel  is  converted  into 

A  pure  iron  is  required  for  the  manufacture  of 
steel,  such  as  the  charcoal  irou  of  Sweden  and  Russia. 
A  similar  iron  made  at  Ulverstone,  and  one  from 
Madras,  are  also  used.  The  foreign  iron  is  imported 
in  bars,  on  which  certain  marks  are  stamped  by  the 
manufacturers,  and  wliich  distinguish  it  in  the  market. 
The  most  celebrated  iron  mine  of  Sweden  is  that  of 
Dannemora,  about  30  miles  to  the  north  of  Upsala. 
The  ore  contains  limestone,  quartz,  and  actinolite, 
and  affords  from  25  to  75  percent,  of  cast  iron,  which 
is  as  white  as  silver,  crystaUiue,  and  very  brittle.  It 
is  converted  into  malleable  iron  by  heating  in  a  bed 
of  charcoal,  and  hammering  out  into  bars,  in  which 
state  it  is  whiter  than  common  iron,  less  liable  to 
rust,  and  distinctly  fibrous  in  texture.  This  irou  is 
known  at  Hull  (the  English  port  to  which  it  is  ship- 
ped) by  the  name  of  Oregrund  iron,  from  the  name  of 
the  port  at  which  it  is  shipped.  ®  cu  ^y-v  ■»• 
The  marks   which   distinguish  0 

this  iron  arc. the  hoop  L,  (so  ^     ^^8^    'S^ 
Ciiilcd  from   the  letter  L  in-  Fig.  1242. 

closed  in  a  hoop);  the  G  L,  and  the  double  bullet. 
Inferior  Swedish  iron  is  known  by  the  marks  C  and 
croion,  D  and  crown ;  the  Sleinbuch,  and  the  W  and 
crowns.    All  these  marks  are  shown  in  Tig.  1242. 

It  is  remarkable  that  steel  is  produced  on  the  con- 
tinent of  Europe  by  a  process  directly  the  reverse  of 
that  followed  m  England.  We  manufacture  steel  by 
the  addition  of  carbon  to  pure  malleable  iron  by  what 
is  called  the  process  of  cementation.  In  Germany, 
Styria  and  Silesia  steel  is  made  by  depriving  some  of 
the  better  kinds  of  cast  irou  of  the  excess  of  carbon 
contained  in  them,  one  portion  bemg  got  rid  of  by 
oxidation,  while  another  portion  is  made  to  combine 
chemically  vrith  the  fused  mass. 

The  cementing  furnace  in  which  iron  is  converted 
into  steel  in  this  country  is  shown  in  section  Fig. 
1243.     Externally  it  resembles  a  glass-house,  and 


the  kind  of  steel  required  bj  tlie  manufacturer,  from 
six  to  eiglit  days  are  siiificient  for  tlie  jjroductiou  of 
moderately  hard  steel — such,  for  example,  as  that 
known  by  the  name  of  shear  steel ;  softer  steel,  for 
sawo  and  springs,  requires  a  shorter  time;  harder 
steel,  for  making  the  chisels  used  in  cutting  iron,  takes 
a  longer  period ;  and  for  some  purposes  bars  are  ex- 
posed to  two  or  three  successive  processes  of  cementa,- 
tion,  and  are  hence  said  to  be  twice  or  thrice  con- 
rled. 

Li  the  centre  of  the  end-stones  of  the  cementing 
ouglis  are  small  holes,  called  tasting  holes,  cor- 
sponding  \Hth  small  iron  dooib  in  llic  outer  biiek- 


■mI   , 


verted  are  buried  in  pounded  charcoal.  Tliese  troughs 
are  made  of  iire-tiles  or  firestone  giit,  aud  are  capable 
of  holdmg  from  8  to  12  ions  of  li  ir  uon      They  are 

from  8  to  15  feet  long,  aud  fidiu  -' "  li      m 

width  and  depth ;  but  those  of  sn  J 

to  produce  the  most  uniform  q>i  i '  !      1 1 

and  between  the  troughs,  and  i  i  i  i  i  ^  il  n  \\  \'- 
lengtli,  is  a  grate,  r,  open  at  each  end,  \Uicrc  it  is 
supplied  with  fuel,  and  the  fire  is  kejit  up  as  equally 
as  possible  during  the  process,  the  flame  being  di- 
rected equally  round  the  troughs  by  a  number  of  aii 
lioles  and  flues,  o  o,  leadmg  to  the  chimneys.  Tlie 
di-aught  is  further  aided  by  an  opening  in  the  middle 
of  the  arch  of  the  furnace.  The  troughs  are,  of 
course,  filled  before  the  file  is  lighted,  (the  workman 
entering  the  furnace  by  the  opening  under  M,)  and  the 
preparation  of  hard  charcoal  dust,  called  cement,  varies 
with  different  steel  converters :  charcoal  made  from 
hard  wood  is  preferred ;  but  soot  is  sometimes  used ; 
as  also  a  proportion  of  ashes  (about  ^th)  and  a  little 
common  salt.'  The  workman  sifts  this  mixture  to 
the  depth  of  two  inches  over  the  bottom  of  the 
troughs ;  puts  in  the  bars  upon  their  narrow  edges, 
■with  a  space  between  every  two  bars  of  from  half  to 
tlirce  quaiti  is  of  an  inch  ;  powder  to  the  depth  of  an 
iiiMi   I     111    I  1   n\fT  this  layer;  a  new  series  of 

li  I  I  I  fit  into  the  interstices  between 

til  i_  taken  that  no  two  bars  are  in 

LI  111  '  ,  111  I  1  I  Ills  way  the  troughs  are  filled  to 
\utlun  G  imlie^  ul  the  top.  The  filling  is  then  con- 
tinued with  old  cement  powder,  aud  this  is  lastly 
covered  with  icfractory  damp  sand  or  fire-tiles,  for 
the  purpose  of  excluding  the  air,  which,  if  admitted, 
would  greatly  injure  or  altogether  stop  the  process  of 
cementation.  The  entrances  to  the  furnace  being 
carefuUy  closed,  the  fire  is  lighted  below  the  troughs 
and  carefully  urged  for  two,  three,  or  four  il  i  null 
the  proper  cementing  heat  is  attained  f  1 
maintaiued  during  several  days  more  inilil 
has  absorbed  the  quantity  of  carbon  requisit  i  i  i  1 

plained.    Mr.  Phillips  suggests  that  the  salt  may  tend  to  iitnri 


u  uiH'  of  blistered  sleel  to  this  ailiclc.  Wiru  by  this 
process  of  tustimj  the  change  is  judged  to  be  complete, 
the  file  is  extinguished  and  the  furnace  left  to  cool 
for  about  a  week,  when  the  process  for  making 
blistered  steel  is  finished. 

This  steel  is  very  different  from  the  bar  iron  from 
which  it  was  produced.  Its  siu-face  is  covered  with 
blisters,  and  on  breaking  a  bar  across,  its  texture  is 
seen  to  be  no  longer  fibrous,  but  gi  anular  or  crys- 
talline ;  the  colour  is  white  like  frosted  silver,  and  the 
crystals  are  large  in  proportion  to  the  amount  of 
carbon  absorbed. 

The  cementation  of  steel  may  be  effected  by  ex- 
posiug  the  iron  at  a  proper  temperature  to  the  action 
of  carburetted  hydrogen  gii<;  Str,-1  of  ixrcllent 
quality  may  be  produced  in  tin  '        i '       n  ( i  ss 

docs  not  appear  to  be  sutficn  n  imit 

of  its  being  geneially  introiln  h  .  ii  m 

proposed  to  convert  the  retni I  i     i  mi!  le- 

ture  of  coal  gas  into  cemciili  i  i^  of 

iron  to  be  put  in  with  the  ch  i  t  i  i  iki  n 

out  with  the  coke,  or  after  n  ii  .n  i  '  i^i  M  (ual 
has  been  coked. 

Tilting.  The  bar  of  blistered  steel  contains  nu- 
merous fissures  and  cavities,  which  render  it  unfit  for 
forging  except  into  a  few  rough  articles.  To  prepare 
it  for  forging  into  edge-tools  and  cutting  instruments, 
it  requires  to  be  condensed  and  rendered  uniform, 
which  is  the  object  of  the  next  process,  called  shearing, 
the  shear  steel  thus  produced  being  origiually  em- 
ployed in  the  manufacture  of  shears  for  c  ' 
the  wool  from  sheep.'  The  process  is  a 
tiltiiiff,  from  the  eirciunstance  of  a  tilt  hammer  being 
employed. 

In  some  resjiccts  the  operation  of  tilting  resembles 

that  of  shingling  described  in  the  manufacture  of  iron ; 

Imt    the    tilt   hammer  is   differently   arranged.      In 

'       \  iiu,  where  only  a  slow  motion  is  required,  the 

I  is  lifted  up  by  means  of  levers  attached  to  a 

I   Nulving  under  the  nnso  of  the  helve      In  the 


Ihu; 


3  called 


924  m< 

causing  au  elevation  of  the  head  of  the  liammer,  and 
a  rapidity  of  motion,  which  could  not  evidently  be 
produced  by  the  arraugenieut  of  the  shingling  ham- 
mer ;  for,  ill  this,  the  levers  must  be  sufficiently  wide 
apart,  to  allow  the  hammer  head  a  clear  space  to  fall 
through.  In  the  tilt  hammer,  however,  where  the 
motion  is  applied  at  the  tad,  the  number  of  levers 
may  be  considerably  midtiplied;  because,  from  the 
position  of  the  axle,  the  tail  describes  a  very  small 
arc  between  eveiy  two  levers;  and  this  small  motion 
will  cause  the  head  to  pass  through  a  much  larger 
space  in  the  same  time,  thereby  producing  rapidity 
of  motion,  and  considerable  force.  The  construction 
of  the  tilt  liammer  will  be  better  understood  from 
Fis;.  1241.     The  fiame  -noik  is  strongly  secured  to 


1  ul  ih.  iouuJafions,  so  as  to 
form  a  firm  bed  fur  the  block.  The  shaft  of  the 
hammer  is  made  of  timber  secured  by  wrought  iron 
rings  and  fitted  into  a  oast  iron  socket  with  trunnions 
or  axlc=!  cast  upon  it,  which  turn  in  brasses  in  a  block. 
The  wlieel  c  by  which  the  hammer  is  elevated  is  fur- 
nished with  ears  or  tappits,  which,  duiing  the  revolu- 
tion of  the  wheel,  engage  the  end  t  of  the  shaft  and 
continue  to  depress  it  until  disengaged,  wnen  the 
hammer  liead  h  falls  with  considerable  force  on  the 
anvil,  producing  in  this  way  from  150  to  3G0  strokes 

The  Ijlistcred  steel  is  prepared  for  tilting  by  break- 
ing the  bars  into  lengths  of  about  18  inches,  and 
binding  four  or  more  of  tliese  into  a  faggot  by  means 
nf  a  slender  steel  rod.  One  of  these  fragments  is 
left  longer  than  the  rest  to  serve  as  a  handle,  or  a 

used  for  that 
pm-pose,  as  is 
shown  in  Fig.  1215.  The  faggot  is  then  raised  to  a 
welding  heat  in  a  wind  furnace,  and  is  covered  with 
sand,  which  combining  with  a  small  portion  of  oxide  of 
iron,  forms  a  fusible  slag  over  the  metal,  and  prevents 
it  from  wasting  or  burning  away.  When  first  removed 
from  the  furnace  it  is  placed  under  a  forge  hammer, 
which  unites  all  the  fragments  and  closes  up  internal 
fissures.  The  rod  thus  produced  is  again  heated,  the 
binding  rings  are  knocked  off,  and  the  tilt  hammer 
conies  into  operation.  The  workman  is  seated  on  a 
board,  suspended  by  iron  rods  from  the  ceiling  of  the 
mill-house  ;  whereby  he  is  enabled  with  a  veiy  slight 
motion  of  his  foot  to  advance  or  recede  with  ease  and 
rapidity,  so  as  to  cause  every  part  of  the  bar  to  receive 


the  blows  of  the  hammer  in  quick  si 
anvU  is  nearly  on  a  level  with  the  floor,  the  workman 
is  seated  in  a  kind  of  pit  excavated  for  the  purpose ; 
he  is  attended  by  two  boys  to  bring  hot  rods  and  to 
remove  them  after  they  are  hammered.  "  Li  small 
rods,  the  blight  ignition  origimdly  given  at  the  forge 
soon  declines  to  darkness ;  but  the  rapid  impulsions 
of  the  tilt  revive  the  redness  again  in  all  the  points 
near  the  hammer;  so  that  the  rod  skilfully  handled 
by  the  workman  progressively  ignites  where  it  advances 
to  the  strokes.  Personal  inspection  alone  can  com- 
municate an  adequate  idea  of  the  precision  and  celerity 
with  which  a  rude  steel  rod  is  stretched  and  fashioned 
into  an  even,  smooth,  and  sharp-edged  prism,  under 
the  operation  of  the  tilt  hammer.  The  heat  may  be 
oleaily  referred  to  the  prodigious  friction  among  the 
particles  of  so  cohesive  a  metal,  when  they  are  made 
to  glide  so  rapidly  over  each  other  in  every  direction 
during  the  elongation  and  squaring  of  the  rod." 

A  vibit  to  the  tUt  house  is  by  no  means  pleasant 
to  a  stranger ;  several  hammer  heads,  each  weighing 
from  150  to  200  pounds,  falling  from  tliree  to  four 
hundred  times  per  minute  upon  solid  metal  anvils, 
a.  Fig.  1211,  produce  a  stunning  noise  and  a  vibration 
which  can  be  felt  through  the  whole  body.  This 
vibration  is  checked  as  much  as  possible  by  carrying 
the  foundation  of  the  tilting  appai-atus  to  a  depth  of 
ten  or  twelve  feet,  forming  a  heavy  mass  of  masonry; 
and  the  anvil  is  made  to  rest  on  a  massive  wooden 
pillar  B,  strongly  secured  by  wrought  iron  rings, 
which  is  supported  by,  and  forms  part  of  the  masonry. 

By  tilting,  the  steel  is  formed  into  bars  of  about  an 
inch  and  a  half  broad,  and  three-eighths  of  an  inch 
thick ;  all  the  loose  parts  and  seams  of  the  blistered 
steel  are  closed,  and  it  is  now  capable  of  being 
polished,  which  could  not  be  done  before :  it  is  also 
more  malleable,  and  can  be  forged  with  the  hammer 
into  shears,  edge-tools,  and  cutting  instruments. 
The  value  of  the  steel  increases  with  the  amount  of 
tdting  \i  hich  it  receives  :  it  is  therefore  not  uncommon 
to  cut  a  tilted  bar  into  several  pieces,  form  them  into 
a  faggot,  and  elongate  this  again  into  a  bar  or  rod. 
The  terms  double  shear,  single  shear,  and  half  shear, 
express  the  amount  of  doubling  and  welding  which 
the  bars  have  received. 

Cast  Steel.  Steel  is  produced  in  the  greatest 
perfection  by  the  process  of  cas/iu;/;  that  is,  the  bars 
of  blistered  steel  being  bicla  n  lu^  riiL-nnls,  are 
melted  in  crucibles  and  thuii   |  :  ,i  Uuid 

state,  into  ingot  moulds.     Th^  i    i   ii  pro- 

duce this  fusion  is  very  grcnf,  sn  i'mi  Um'  niicihlrs 
or  melting  pots  requii-e  to  be  made  with  refractory 
fire-clay  and  with  the  greatest  care,  iir  order  to  ex- 
clude bubbles  of  air  and  extraneous  substances,  whicli 
might  expand  cr  ignite  in  the  furnace,  and  thus 
endanger  the  stability  of  the  melting  pot. 

The  crucibles  are  made  of  Stouibridge  clay  mixed 
with  one  half  of  an  inferior  clay  from  Stannington,  near 
Sheffield :  a  small  quantity  of  coke  dust  and  of  frag- 
ments of  old  pots  is  added,  and  the  whole  is  kneaded 
into  a  perfectly  uniform  and  smooth  mass.  The  clay 
is  first  mixed  with  water,  worked  up,  and  then  spread 


a  thin  layer  on  a  shallow  trough  on  the  floor.' 

it  is  kn.  .akd  Juriii^'  fncor.MK  hours  by  the 
■ftt  .4   1  M    ■      i      iih   a  ^huiniu-j  kind  of 


crucible :  through  the  centre  of  this  block  passes  a 
strong  iron  axis,  the  lower  end  of  \\\nc\\  rcstb  in  tho 
hole  abready  mentioned ;  the  upper  end,  which  is 
rounded,  rises  just  above  the  circular  rover  of  wood 
ee'.  It  will  be  seen  tluit  when  the  inner  mould  c  is 
in  its  place,  as  in  Fig.  12i7,  there  is  between  its 
surface  and  the  inner  sui-face  of  the  outer  mould  a 
vacant  space  of  the  form  and  dimensions  required  for 
the  melting  pot.  The  surface  of  c  and  the  inner 
svirface  of  a  having  been  suiearcd  with  oil,  a  quantity 
of  clay  is  put  into  a,  and  the  central  pUig  c  forced 
down  as  far  ab  it  will  go  by  hand :  its  further  descent 


motion  go  over  every  part  of  the  surface,  pressing  it 
down  quite  flat;  and  so  sensitive  is  the  touch  of  their 
feet,  (which  are  devch)pcd  to  an  enormous  size  by  this 
constant  exertion,)  that  they  can,  by  the  difference 
in  the  tread,  detect  an  air  bubble,  a  fragment  of  straw 
or  of  dirt  in  the  clay.  The  two  latter  they  pick  out 
w  ith  the  fingers,  and  get  nd  of  the  air  by  making  a 
slight  incision  with  a  knife.  Wlieii  the  whole  surface 
has  been  well  trodden  over,  it  is  folded  double  and 
trodden  out  again  so  as  to  occupy  the  whole  of  the 
trough.  If  the  reader  has  ever  watched  the  domestic 
operation  of  making  pastry,  he  will  be  able  to  form 
a  good  idea  of  the  process  of  kneading  clay  for  the 
steel-melting  pots. 

The  crucibles  are  about  two  feet  in  lieight,  and  of 
the  shape  shown  in  section.  Fig.  1249.  They  arc 
formed  in  a  cylindiical  mould  of  cast  iron  a  a'.  Fig. 
1247,  which  is  open  at  the  two  extremities.  This 
cylinder  is  inserted  mto  a  sole  of  east  iron  d  h\  firmly 
attached  to  a  block  of  wood  and  having  a  raised 
circular  edge.  In  the  centre  of  the  sole,  correspond- 
ing with  the  axis  of  the  cylinder,  is  a  hole  intended  to 
receive  the  supporting  rod  of  the  inner  mould  c. 
This  consists  of  a  block  of  hard  wood,  the  surface  of 
■which  corresponds  with  the  interior  shape  of  the 


is  then  urged  by  blows  of  a  hammer  upon  the  rounded 
head  of  the  iron  axis,  until  the  lower  end  of  the  axis 
pabses  into  the  hole  in  the  sole  b.  In  order  to  dis- 
engage the  moulded  clay,  the  central  plug  c  is  pulled 
out  and  the  hole  in  tho  centre  stopped  up :  the 
outer  mould  with  its  contained  cl.iy  is  thou  lifted 
upon  a  block  of  wood  mouiili  il  it|  n  *  iii  imuiod. 
Fig.  124S,  and  of  somewh-t   '  i   i     u  the 

bottom  of  the  pot,  so  as  i  >  ,  n  tho 

clay  bottom  when  the  moulil  .  i  i'  I  Mil  '<//',  is 
placed  upon  tho  top  of  Fig.  I'-'IS  'Ihc  luould  is 
then  allowed  to  descend  slowly  and  with  care,  by 
which  means  the  clay  pot  is  left  upon  the  top  of  the 
block  of  wood,  while  the  mould  a  a,  on  rcachuig  the 
ground,  suiTounds  the  rod.  Fig.  1248.  The  upper 
part  of  the  clay  is  then  finished  by  hand  :  it.  is  pressed 
shghtly  inwards  and  made  to  assume  the  form.  Fig. 
1249.  The  blocks  on  which  the  pots  rest  are  short 
cylinders  of  clay :  the  covers,  also  of  the  same  mate- 
rial, are  thick  discs  slightly  raised  in  the  centre. 
Each  crucible,  which  weighs  about  25  lbs.,  is  removed 
as  soon  as  it  is  finished  into  a  heated  vault,  where 
it  gradually  becomes  dry;  and  some  hours  before 
being  used  the  crucibles  are  brought  to  a  red  heat 
for  the  purpose  of  anneaUng  them.  A  crucible  can 
seldom  be  used  for  melting  the  steel  more  than  three 
times  without  cracking ;  so  that  there  is  a  constant 
demand  for  crucibles,  as  many  as  lOS  being  required 
per  week  for  a  ten-hole  furnace. 

On  a  level  with  the  crncible-making  department  are 
the  furnaces  for  meltmg  the  steel ;  these  are  ordinary 
wind  furnaces  placed  in  connexion  with  a  tall  chim- 
ney by  which  a  strong  natural  draught  can  be  obtained. 
(See  Fig.  1250.)  Each  furnace  is  only  just  large 
enough  to  contain  two  crucibles  and  the  proper  amount 
of  fuel ;  and  it  is  luied  with  a  plaster  ealcidated  to 
resist  the  intense  heat.  Tliis  plaster  is  formed  of 
the  dust  of  the  roads  in  the  vicinity  of  Shemeld, 
and  IS  called  ganister.  The  fuel  employed  is  a  dense 
J  well-made  coke,  broken  into  lumps  of  about  the  size 


936  IRi 

of  a  hen's  egg.  Immediately  over  each  furnace  is 
a  trap-door,  made  of  fire-bricks  fastened  in  an  iron 
frame  opening  into  the  castmg  house,  which  is  a 
kind  of  blied  entirely  open  on  one  bide,  while  on  the 
other  ten  tiap-doors  are  seen,  fiom  the  sides  of 
which  escape  a  few  rays  of  red  hght  indicative  of  the 
fiery  furnaces  below.  Li  an  adjommg  shed  the  bais 
of  bhstered  sleel  aie  broken  into  fragments,  and  the 
charge  for  each  cj  ucilile,  about  30  lbs ,  weighed  out 
iato  tin  tiays,  a  small  portion  of  black  oxide  of 
manganese  bemg  added  to  each  charge,  this  substance 
being  supposed  to  improve  the  quabty  of  the  steel. 
In  some  eases  powdeied  charcoal  foims  pait  of  the 
chaige.  Pig  1250  shows  the  inteiior  of  the  cabling 
hoiibC  and  of  the  aii-vault,  AMth  tno  ciuubk.,   db 


they  are  auanged  in  the  fuiuace ;  a  portion  of  the  taU 
chunney  is  also  seen  iii  section :  on  the  shelves  of  the 
casting  house  the  green  crucibles  are  left  to  season. 

The  empty  cincibles  are  put  into  the  furnace  upon 
a  sole  of  baked  fiie-clay,  and  the  chaige  is  given  to 
each  by  means  of  a  long  funnel  of  iron  plate.  Each 
pot  is  carefully  covered  over  with  a  lid  of  a  more 
fusible  clay  than  the  body  of  the  crucible,  and  some- 
times a  small  quantity  of  bottle  glass  or  blast  furnace 
slag  is  put  in  above  the  steel  fragments,  so  as  to  form 
a  sort  of  vitreous  coating  to  prevent  the  air  fiom 
oxidizing  the  metal.  When  the  pots  are  thus  charged 
and  covered  m,  the  furnace  is  filled  up  with  coke  and 
kept  well  supplied.  In  about  four  hours  the  steel  is 
in  a  state  for  casting,  and  as  the  time  approaches  the 
men  occasionally  lift  up  the  various  trap-doors  and 
examine  the  crucibles,  then-  eyes  being  accustomed 
through  the  fierce  floods  of  heat  which  pour  upwards 
from  the  furnace  to  detect  the  precise  time  when  the 
metal  is  sufdoiently  fluid  for  casting. 

While  the  steel  is  meltuig,  the  ingot  moulds  are 
prepared.  These  moulds,  which  are  of  cast  iron,  are 
of  various  sizes,  according  to  circumstances ;  those 
wnich  were  used  at  the  time  of  the  writer's  visit  pro- 
ducing an  ingot  about  two  inches  square,  and  two 
feet  iu  length,  a  quantity  equal  to  the  contents  of  one  j 
crucible.  When  an  ingot  of  unusually  large  size  is  j 
required,  such  as  for  rolUng  into  a  piston-rod  or  a  | 


large  plate  for  a  circular  saw,  the  mould  is,  of  course, 
of  pioportional  size,  and  receives  the  contents  of  tvo 
or  more  crucibles.  Each  mould  consists  of  two 
paits,  forming  a  long  hollow  cavity,  the  parts  fitting 
accurately 
together: 
they  are  held 
together  hv 


|iif  in  th  II  11  ..I  il  .  II  11..  Previous  to 
puttiiii,' till  lui.uliK  t  -illiii,  til'  mtirior  is  smoked 
by  being  hud  aciosb  a  pitch  fiic,  the  internal  coating  of 
caibon  thus  imparted  preventuig  the  bquid  steel  from 
adhering  to  or  melting  the  mould. 

Just  before  drawing  the  crucibles,  each  man  puts 
on  sacking  leggings,  and  an  apron  of  the  same  mate- 
rial; he  next  visits  a  tank,  and  thoroughly  soaks 
these  in  water,  as  a  further  protection  against  the 
fierce  heat  to  which  he  is  about  to  be  exposed;  then, 
throwing  open  the  trap  door  of  one  of  the  furnaces, 
he  lemoves  a  portion  of  the  white  hot  coke,  and, 
planting  his  feet  one  on  each  side  of  the  yawning 
fiery  furnace,  thiusts  down  a  pair  of  tongs. 
Fig.  1252,  fui-nished  with  concave  jaws  for 
giasping  the  crucible  just  below  the  swell, 
and  then,  with  a  motion  between  a  jeik  and 
a  swmg,  laises  the  glowing  buiden.  A 
cond  man  immediately  remo^  es  the  cov 
a  thud  man,  and  the  most  skdful,  giasps 
the  crucible  with  tongs  held  hoiizontally, 
raises  it,  and  slowly  inclines  it  to  the 
mouth  of  the  ingot  mould,  his  attendant  j 
With  a  pair  of  tongs  removing  any  portioi 
of  cinder  or  slag  from  the  surface  of  the 
molten  metal.  Considerable  skill  is 
quired  in  teaming,  as  the  opeiation  of  trans- 
ferring the  metal  fiom  the  ciucible  to  tl 
ingot  mould  is  called.  It  must  be  poun 
directly  down  the  centre  of  the  mould, 
without  touching  the  sides ;  for  were  it  to 
do  so,  it  woidd  instantly  remove  the  cai 
naceous  covering,  and  burn  a  piece  out  of  ^'^-  '^'^■ 
the  mould.  The  metal  flows  as  liquid  as  water,  and 
with  the  gurgling  sound  of  water  if  poured  under 
similar  circumstances ;  but  the  extremely  high  tem- 
perature of  the  molten  steel  is  sho-\vn  by  the  white  heat 
slightly  tinged  with  blue.  As  the  stream  falls,  minute 
portions  of  it  combine  rapidly  with  the  oxygen  of  the 
air,  and  take  fire,  producing  brUliaut  scintillations. 
The  fire  even  communicates  itself  to  flic  ingot 
towards  the  end  of  the  process  of  teaming,  and  the 
mould  then  appears  like  a  brlUiant  firework ;  but  this 
combustion  is  soon  stopped  by  the  insertion  of  a 
sohd  plug.  As  the  ingot  immediately  solidifies,  each 
mould  is  opened  directly  after  the  teaming,  and  the 
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lagot  IS  turned  oui  in  a  red  hot  st'ile     Tina  lipid  does  not  diiTer  gieatly  from  r  llmg  iroi    oud  tlieie- 

cooling  of  the  steel  and  the  tlun  film  of  soot  effec  foic  need  not  be  further  descnbtd 
tually  piotect  the  nould  from  the  dcstiuctue  action         When  steel  is  moistened  witli  a  drop  of  dilute 
of  the   Lquid  nietil  winch  ^^oull  othcn 


.23]^ 


engaged  in  these   opeiations   hive  that 

ir  look  ibont  the  eyes  wluch  shows  the  natuie 

I  occupation,  but  otherwise,  we  beheve,  the 

is  of  steel  refining  is  not  considered  unhealthy, 

good  wages.  _ 

•ucible  is  emptied  of  its  contents, 

•eturned  to  the  furnace,  to 

;  a  fresh  charge ;  and  as  four 

are  required  for  the  melting, 

jrcthrcv  .,,^1,  in  11,..  \^u-Uc 

durhi-v/     -r       .  r       'k. 

of  a  funufl  i.f  ;.'  I  .  \\  'I'.  I'f^. 
1254,  into  which  a  rod  is  inserted, 
to  break  up  the  charge,  and  pre- 
vent a  heavy  mass  from  falling  at 
•c  into  the  crucible,  which  might 

Cast  steel  is  much  denser  and 
harder  than  tilted  steel,  but  it  re- 
Si!/.  1254.  quires  care  in  forging,  because  a 

little  above  a  cherry  red  beat  it  is  very  brittle.  Two 
surfaces  of  cast  steel  may  be  welded  together  by 
interposing  a  thin  film  of  borax ;  and  cast  steel  may 
be  firmly  united  to  a  polished  surface  of  iron  by 
placing  the  iron  in  the  mould  into  which  the  steel  is 
poured.  The  two  metals  can  then  be  rolled  and 
worked  out  together  into  rods  adapted  for  forging.' 
Fig.  1255  shows  the  operation  of  rolling  steel.     It 


mtue  icil  a  dirk  n-rey  <!|  t  i  ]i  heed  nnlledjlc 
uon  so  treated  yields  i  spot  ot  i  green  coloui 

When  steel  is  fused  with  i  cry  small  quantities  of 
plitmum  of  sd-iei  rhodium  oi  indium  its  hiidness 
IS  gieitly  mci eased  but  these  alloys  have,  not  yet 
been  used  m  manufactures. 

Sheffield  and  its  neighboui-hood  is  the  great  seat  of 

the  steel  manufacture.     The  annual  quantity  of  steel 

produced  a  few  years  ago,  varied  from    liJ.OOO   to 

17,000  tons  from  foreign  iron,  and  from   1,500  to 

2,000  tons  from  iron  of  British  manufacture.     The 

number  of  converting  furnaces  was  upwards  of  120, 

each  of  which  was  capable  of  converting  weekly  G  tons 

of  iron :  the  coal  consumed  in  the  process  was  about 

equal  to  the  weight  of  steel  produced.    There  were 

also  above  100  melting  fiirnaces  for  cast  steel,  each 

mtaining  about  10  holes  for  crucibles :  4  tons  of 

ike  were  used  in  making  1  ton  of  cast  steel,  and  each 

mace  of  10  holes  produced  i^  tons  of  cast  steel 

per  week.     [See  Appendix.] 

IIIRIGATION.  This  art,  as  practised  in  warm 
countries,  has  been  noticed  in  our  article  Drainage, 
to  which  with  its  illustrations  we  refer  the  reader,  but 
the  mode  of  irrigating  an  Tind'  'i  -.vnt'-v  -urnddw  is 
essentially  different.  In  tlic  I  '  '  '' '  .  linary 
custom  to  introduce  water  oil  1  !■  i       ..ii  in 

a  stagnant  condition  for  iiviiiii  .  <'■'■  v  .d  r  thus 
affording  a  valuable  and  necessary  ])rotcclion  hcth  to 
the  soil  and  the  tender  plants,  from  the  efl'ects  of  the 
great  heat.  But  ui  our  own  country,  where  no  such 
necessity  exists,  great  care  is  taken  that  the  water 
sliall  not  accumulate  on  the  soil  so  as  to  become 
stagnant,  wliile  at  the  same  time  it  shall  be  supplied 
in  ample  quantity  all  the  time  the  plants  are  growing. 
Hence  in  our  best  systems  of  u-rigation,  the  draining 
is  as  essential  as  the  flooding,  and  wlule  one  set  of 
channels  is  made  to  distribute  the  water  slowly  and 
regidarly  over  the  meadow,  another  set  is  devoted  to 
the  opposite  purpose  of  carrying  it  off.  Thus  a  con- 
stant flow  of  the  water  is  maintained,  accelerated  or 
retarded  by  small  hatches,  so  as  to  keep  it  at  the  de- 
sired level.  The  feeders,  or  channels  which  supply  the 
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water,  are  formed  on  the  top  of  low  ridges,  the  drains 
in  the  hollows  between  them,  and  this  further  aids  in 
keeping  up  the  flow  of  the  water. 

In  prepariug  to  ii-rigate  lands,  the  first  slep  is  to 
take  the  level,  and  to  ascertam  what  are  the  supplies 
of  water  to  be  obtained  above  that  level,  and  whether 
sueh  supplies  arc  available  without  deteriorating  the 
property  of  others,  or  withdrawing  water  from  some 
important  use  elsewhere.  If  no  natural  supply  of 
water  can  be  obtained  above  the  level,  and  if  water 
cannot  be  conducted  to  a  reservoir  for  the  pui'posc, 
then  the  irrigation  of  the  land  is  impossible.  On  the 
other  hand,  it  does  not  follow  as  a  matter  of  course 
that  every  low  land  where  a  supply  of  water  can  be 
readily  obtained  is  capable  of  irrigation,  for  there 
must  also  be  the  means  of  carrying  off  tie  water,  as 
well  as  of  bringing  it  on. 

The  most  general  and  natural  position  for  water- 
meadows  is  on  the  banks  of  running  streams.  At 
some  point  in  the  course  of  the  river  a  canal  is  dug 
along  the  bank,  and  carried  perhaps  to  a  considerable 
distance  from  the  river.  Into  this  a  portion  of  the 
water  is  diverted  which  will  keep  the  same  level  as 
that  part  of  the  river  where  it  has  its  origin:  in 
"JPJM  some  cases  a 
""'  '  dam  D,  (Pig. 
1236),  is 
structed 


!  for  irrigation.  A  certain  command  of 
water  being  tlius  obtained,  it  is  directed  into  a  main 
channel  or  conductor  a,  in  connexion  with  various 
smaller  channels  or  feeders.  Prom  these  the  water 
overflows  into  the  drains  with  which  they  are  inter- 
sected, and  which  carry  it  into  the  main  drain  i,  whence 
it  is  conveyed  back  again  to  the  river,  unless  there  be 
other  lauds  at  a  lower  level  to  which  it  can  be 
transferred,  when  the  mam  draui  in  its  turn  becomes 
a  eonduetor  to  a  second  system  of  feeders,  and  so  on. 
But  this  method,  which  is  called  cuichoorh,  is  only 
available  wlicn  there  is  a  considerable  fall  of  water, 
and  a  gcnllr  .!•  r'',  if,-  fnwards  the  river.  It  is  also 
only  doii./ ;.  ..'i!  i'.  ;' I -ply  of  water  is  limited, 
for  its  I  r  1 1  I     '      i' :  i  dly  deteriorate. 

Tlicli.^i  .:,■•■!,  fur  II  n.ai  ion  is  not  always  that  in 
which  the  heat  and  drought  are  the  greatest.  In 
fact,  at  such  season,  much  mischief  would  be  done  by 
injudicious  flooding,  while  in  the  depth  of  winter, 
when  it  might  be  supposed  that  watering  is  needless, 
valuable  residts  are  often  obtained  from  the  practioe. 
"  During  frost,"  says  an  experienced  writer,  "  when 
all  dry  meadows  are  in  a  state  of  torpor,  and  the 
vegetation  is  suspended,  the  water-meadows,  having 
a  current  of  water  continually  flowmg  over  them,  are 
protected  from  the  effect  of  frost,  and  the  grass  will 
contmue  to  grow  as  long  as  the  water  flows  over  it. 


Too  much  moisture,  however,  would  be  injurious,  and 
the  meadows  are  therefore  laid  dry  by  shutting  the 
flood-gates,  whenever  the  temperature  of  the  air  is 
above  freezing.  By  this  management  the  grass  grows 
rapidly  at  the  first  sign  of  spring.  Before  the  dry 
upland  meadows  have  recovered  the  effects  of  frost 
and  begun  to  vegetate,  the  herbage  of  the  water- 
meadows  is  already  luxuriant.  As  soon  as  they  arc 
fed  off,  or  cut  for  the  first  crop  of  ha}',  the  water  is 
immediately  put  on  again,  but  for  a  shorter  time ;  for 
the  warmer  the  air,  the  less  time  will  the  grass  bear 
to  be  covered  with  water.  A  renewed  growth  soon 
appears,  and  the  grass  is  ready  to  be  cut  a  second 
time  when  the  dry  meadows  only  give  their  first  crop. 
Thus  by  judicious  management,  three  or  four  crops 
of  grass  are  obtained  in  each  season,  or  only  one 
abundant  crop  is  made  into  hay,  and  the  sheep  and 
cattle  feed  off  the  others."  The  soil  best  adapted 
for  a  water-meadow  is  a  gravel  or  other  porous  soil 
free  from  stagnant  water,  hence  under-draining  Ls 
sometimes  necessary,  before  the  laying  out  of  a  good 
meadow.  When  the  beds  are  properly  laid  out  and 
rolled,  grass  seed  is  sown,  or  the  turf  parings  laid 
down  agaiu,  or  tufts  of  grass  from  okl  sward  are 
spread  over  and  soon  cover  the  ground. 

The  herbage  produced  in  England  is  some  of  the 
best  in  the  world :  it  is  more  varied,  close,  and  fine 
than  that  of  southern  countries,  and  more  rich  and 
vigorous  than  that  of  northerly  climates.  It  is  watered 
by  numerous  rivers,  which  flow  through  districts  of 
great  fertility,  and  afford  valuable  nutriment,  owing 
to  the  quantity  of  animal  and  vegetable  substances 
with  which  they  are  em-icbed.  Liquid  manure  is  also 
applied  to  the  land  in  the  same  way,  being  distributed 
and  carried  off  like  water.  Muddy  water  is  some- 
times let  into  a  field,  and  allowed  to  remam  until  it 
has  deposited  its  sediment,  when  it  is  let  through 
sluices.  This  is  called  warping,  and  is  practised 
where  circumstances  will  allow  of  it,  at  the  mouths 
of  rivers,  where  the  tides  and  the  fresh  water  meet. 
At  the  estuary  of  the  Humber  the  water  is  carried 
several  miles  inland,  and  will  deposit  m  the  course  of 
a  single  season  more  than  a  foot  of  rich  soil.  When 
lands  become  gradually  inundated  through  natural 
causes,  if  the  flooding  does  not  continue  too  long,  it 
may  have  a  beneficial  effect  by  the  deposits  left 
behind ;  but  when  the  inundation  begins  to  subside, 
it  must  be  made  to  run  off  entirely,  and  not  be  left  to 
settle  in  i)ools,  which  would  destroy  the  grass. 

ISINGLASS.     See  Gelatine. 

ISOCHRONISM— ISOCHRONOUS,  (from  Tcros, 
eqiial,  and  x?°^°^>  ^*'™«-)  Vibrations  or  oscillations 
performed  in  equal  time  are  said  to  be  isochronous. 
It  is  a  remarkable  property  of  aU  systems  which  are 
in  stable  equilibrium,  that  when  disturbed  therefrom 
by  a  greater  or  less  impulse,  the  oscillations  by  which 
they  recover  their  original  position  are  all  performed 
iu  the  same  time,  or  so  nearly  so,  that  any  acceleration 
or  retardation  is  quite  imperceptible.  This  valuable 
property  of  isoehronism  is  taken  advantage  of  in  the 
construction  of  instruments  for  measuring  tune.  See 
Horology. 


ISOMERISM— ISOMORPHISM— IVORY. 
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ISOMERISM,  (from  tVos,  equal,  aud  y-tpoi,  part,) 
a  term  applied  to  that  natural  law  by  which  certain 
bodies  may  contain  the  same  elements  in  the  same 
ratio,  and  yet  possess  distinct  physical  and  chemical 
properties.  Isomeric  bodies  are  of  constant  occurrence 
in  organic  chemistry.  For  example,  formic  ether  and 
acetate  of  methyle  are  isomeric,  both  containing  Cs 
HeOi ;  but  as  a  difference  in  chemical  properties  is 
faiily  and  properly  attributed  to  a  difference  in  con- 
stUution,  if  not  always  in  composition,  it  has  been 
attempted  to  show  that  isomeric  bodies  vary  in  this 
way.  Thus  formic  ether  may  consist  of  formic  acid 
CanO,  combined  with  clhor  C4H5O;  and  acetate  of 

liirili;.;>-  ,i:,N    r      :    '-i     .f    ,.        '>■    ;,eid    CHsOj,  aud    tllC 

I  >' '  Mi  1 1:  i '1 1  I  -    ! ,  :  iT,,i^  equal,  ani  iio/jtprj, 

^'.' :  '1  '  I  iMiiii!  iili^iHUces  of  similar  che- 
mical constitution  possess  the  remarkable  property  of 
exactly  replacing  each  other  in  crystallized  compounds 
without  alteration  of  the  characteristic  geometrical 
figui-e.  Such  bodies  are  said  to  be  isomorphous.  For 
example,  magnesia,  oxide  of  zinc,  oxide  of  copper, 
protoxide  of  iron,  and  oxide  of  nickel  are  isomor- 
phically  allied.  The  salts  formed  by  these  substances 
with  the  same  acid  and  similar  proportions  of  water 
of  crystallization,  are  identical  in  form,  and  when  of 
the  same  colour  cannot  be  distinguished  by  the  eye  : 
the  sulphates  of  magnesia  and  zinc  may  be  thus  con- 
founded. The  sulphates,  too,  all  combine  with 
sulphate  of  potash  and  sulphate  of  ammonia,  giving 
rise  to  double  salts,  whose  figure  is  the  same,  but 
quite  different  from  that  of  the  suny]f  ^uli-lvitc-;  Tn 
the  same  manner  alumina  aud  pi  ;       '      '  '  i.  0 

each  other  without  change  of  en  i  ii/ 

alumina  in  common  alum  may  he  wyl'.-'r.i  hv  jx  r-  .hlc 
of  iron,  the  potash  by  ammonia  or  by  soila,  and  the 
figure  of  the  crystal  remain  unchanged. 

Mixtures  of  isomorphous  salts  cannot  be  separated 
by  crystallization,  unless  of  very  different  degrees  of 
solubility.  A  mixed  solution  of  protosulphate  of 
iron  and  sulphate  of  copper,  isomorphous  salts,  yield 
on  evaporation  crystals  containing  iron  and  copper. 
But  if,  before  evaporation,  the  protoxide  of  iron  be 
peroxidized,  the  crystals  will  be  free  from  iron.  The 
peroxide  salt  of  ii-on  is  not  isomorphous  with  the 
copper  salt,  and  easily  separates  from  it.  ; 

When  compounds  thus  correspond,  it  is  inferred 
that  the  elements  which  compose  them  are  ;Jso  iso- 
morphous. It  is  difficult,  and  often  of  eour:>c  im- 
possible, to  ascertain  the  crystalline  figure  of  most  of  \ 
the  elementary  bodies,  and  the  difficulty  is  increased  i 
by  the  fact  that  many  of  them  are  dimorphous,  that 
is,  they  exhibit  two  forms.' 

rVORY.  A  beautiful  and  compact  substance,  ob-  j 
tained  from  the  tusks  of  the  elephant,  the  narwhal, 
the  walrus,  and  the  hippopotamus,  and  also  from  the 
teeth  of  the  same  animals.  The  best  and  largest 
supply  is  however  from  the  elephant. 

The  male  elephant  when  full  grown  has  two  tusks, 
varying  considerably  in  size  in  different  animals,  but 
most  valued  when  they  are  large,  straight,  and  light 


in  colour.  These  tusks  are  hollow  at  their  insertion 
into  the  jaw,  and  for  a  considerable  space  therelroui, 
but  become  solid  as  they  taper  towards  the  extremity. 
The  principal  sources  whence  they  are  eb*,aincd  are 
the  western  coast  of  Africa  and  Hmdostan ;  but  the 
African  tusks  are  most  esteemed,  as  being  denser  iu 
texture,  and  less  liable  to  turn  yellow.  By  an  analysis, 
the  African  show  a  proportion  of  animal  to  earthy 
matter,  of  101  parts  to  100;  while  in  the  Indian  it 
is  76  to  100. 

Tlie  applications  of  ivory  are  .so  numerous  that  a 
large  demand  for  elephants'  tusks  has  existed  for  a 
lengthened  period.  During  twelve  years  at  the  close 
of  the  last  century,  the  imports  into  Great  Britain 
amounted  on  an  .average  to  1,576  cwts.  annually;  in 
1831  aud  1832  they  had  increased  to  4,130  cwts.,  01 
which2,950  cwts.  were  rdamed  for  home  consumption. 
Now,  reekoniug  i\v-  !ii:l.;iiii  ,<._ht  i-i'  ;i  iuNk  at 
about  sixty  pouuJ,-,  1         '.■  ii::i   .:  .  ^  oi 

the  years  last  nan.!  i  .  •- ^  -  ,  -/,.''  •■-,  or 
the  destruction  of  o.i-.ji  u.^iic  t.rijliaaio.  ilui  siucc 
that  period  the  im|)Orts  have  so  greatly  risen,  that  m 
Sheffield  alone  ISO  tons  of  ivory  are  worked  up 
annually  into  knifo-haiullcs.  &c.  It  is  also  affirmed 
that  of  the  quantll>  nf  ii-l..  iMiiKiiUul,  ahhough 
some  weigh  from  r,)       1     '  .  yit  the  number 

of  suiall  tusks  is  M  M  1  a\  rrage  weight 

of  nine  pounds  can  .  nj.  n-r,,  1.  uokoued  on;  iu 
which  case  45,000  tusks,  from  'J,>,000  elephants  are 
required  to  supply  the  dem.and  of  this  great  cutlery 
mart  of  England.  Occasionally,  it  is  allowed,  broken 
or  shed  tusks  are  collected,  or  those  of  aniinals  which 
die  a  natural  death  are  obtamed ;  but  the  s\ipply  from 
these  sources  is  never  I'ery  largo,  so  that  the  slaugh- 
ter of  elephants,  after  all  deductions  made,  is  going 
on  at  a  rate  which  leaves  it  a  constant  wonder 
that  the  breed  of  this  noble  auunal  has  not  been 
sensibly  diminished.  The  value  of  the  ivory  con- 
sumed in  Sheffield  is  very  great ;  but  there  ai-e  also 
other  seats  of  manufacture,  and  ivory  is  wrought 
into  the  forms  of  chess-men,  billiard-balls,  the  keys 
of  musical  instruments,  thin  plates  for  njiuiaturcs, 
mathematical  and  other  instruments,  and  an  immense 
variety  of  small  objects  of  use,  amusement,  or  orna- 
ment. None  of  our  manufacturers  have  yet  reached 
the  conswnmate  skill  of  the  Chinese  in  the  work- 
manship of  ivory,  chiefly  remarkable  in  their  con- 
centric balls,  then-  chess  pieces  and  models.  Yet 
the  adaptation  to  useful  purposes  of  this  valuable 
substance  is  fully  understood  by  those  who  cannot 
rival  the  exqiusite  minuteness  of  Chinese  art.  A 
manufacturer  of  surgical  iustruments  in  Paris  is  iu 
the  habit  of  rendering  ivory  flexible  for  use  as  tubes, 
probes,  &o.,  by  acting  on  the  well-known  fact,  that 
when  bones  are  subjected  to  the  action  of  hydro 
chloric  acid,  the  phosphate  of  lime,  which  forms  0 


of  the! 


com],..! 


is  extnii 


Ithusbom's 
it  flexibility. 


drying  the  ivory  returns  to  its  original  hardness,  but 
its  flexibility  tfan  be  easily  restored  by  surrounding  it  j 
with  wet  linen,  or  by  placing  wet  sponge  iu  the , 
cavities  of  the  pieces.  In  some  cases,  the  articles 
have  been  kept  in  the  acidulated  water,  in  a  flexible 
state,  for  a  week,  without  change  or  injury,  and 
without  acquiring  any  taste  or  disagreeable  smell.        | 

It  was  stated  some  years  ago  that  the  decay  of 
articles  in  ivory  could  be  effectually  checked,  even 
when  its  progress  had  advanced  so  far  as  to  cause  the 
specimens  to  crumble  away  under  the  hands.  Some 
of  the  works  in  ivory  forwarded  by  Mr.  Layard  from 
Nineveh,  were  found  on  their  arrival  in  England  to 
be  in  a  state  of  rapid  decomposition.  Professor  Owen 
was  consulted  on  the  subject,  and  he  suggested  a 
remedy  which  is  said  to  have  proved  successful,  thereby 
preserving  to  this  country  these  curious  relics  of  an- 
cient art.  Concluding  that  the  decay  was  owing  to  the 
loss  of  gelatine  in  the  ivory,  he  recommended  that 
the  articles  should  be  boiled  in  a  solution  of  gelatine. 
Under  this  process  they  became  apparently  as  firm 
and  solid  as  when  they  were  originally  entombed. 

The  tusks  of  the  hippopotamus  afford  a  very  hard 
and  white  ivory.  These  are  usually  short  and  much 
curved,  hollow  at  the  place  of  insertion,  and  covered 
with  a  glossy  enamel.  They  vary  in  weight  from  three  [ 
or  four  pounds  to  thirty.  These  are  highly  prized  by 
the  dentists,  and  are  better  adapted  than  any  other 
ivory  for  making  artificial  teeth.  The  thick  coat  of 
enamel  which  covers  them  has  first  to  be  removed,  for  j 
this  entirely  resists  steel  tools,  and  under  it  is  found 
a  pure  white  ivory,  with  a  slight  bluish  cast.  The 
parts  rejected  by  the  dentists  are  used  for  small 
carved  and  turned  works.  The  hom  or  tooth  of  the 
narwhal  is  also  hard  and  susceptible  of  a  fine  polish. 
The  largest  size  is  ten  feet  long ;  at  thi;  lower  ex- 
tremity it  forms  a  slender  cone  of  a  twisted  or  spiral 
figure. 

Another  and  a  very  remarkable  source  of  ivory  is 
that  which  supplies  almost  the  whole  of  the  ivory- 
turner's  work  m.ide  in  Russia.  Along  the  banks  of 
the  larger  rivers  of  the  Russian  Empire,  and  more 
particularly  those  of  further  Siberia,  thousands  of  i 
tusks  are  annually  dug  up,  which  once  constituted  | 
the  weapons  of  defence  of  a  species  of  elephant  or 
mammoth  now  extinct.  These  form  what  is  called 
fossil  ivori/,  but  they  have  not  undergone  the  changes 
usually  understood  in  connexion  with  the  term  fossil, 
for  their  substance  is  as  well  adapted  for  use  as  the 
ivory  procured  from  living  species.  So  numerous 
are  these  tusks,  that  they  are  occasionally  exported 
from  Russia,  being  cheaper  than  recent  ivory.  They  ; 
are  rarely  to  be  met  with  iu  England,  except  in 
museums.  Mention  is  made,  however,  of  one  which 
measured  10  feet  in  length,  and  was  solid  to  within 
6  inches  of  the  root,  weighing  no  less  than  186  lbs. : 
this  was  cut  up  into  keys  for  piano-fortes. 

There  is  a  substitute  for  ivory  now  in  general  use, 
which  it  is  necessary  to  notice  here.  It  is  the  fruit 
of  a  species  of  palm,  imported  from  Peru  for  some 
time  past  into  the  European  market,  and  named  by 
two  Spanish  botanists,  who  met  with  it  in  the  groves 


of  Peru,  Pkytelephas  ma  -.rocarpa.  These  writers  also 
supply  the  following  description :—"  The  Indians 
employ  the  leaves  of  this  most  beautiful  palm  as  a 
covering  to  their  cottages.  The  fruit  at  first  contains 
a  clear  insipid  fluid,  with  which  travellers  quench 
their  thirst ;  this  fluid  afterwards  becomes  gradually 
sweet  and  milky,  and  at  length  acquires  solidity,  so 
as  to  be  as  hard  as  ivory.  If  the  fruit  be  gathered 
while  the  juice  is  fluid,  the  latter  soon  becomes  acid ; 
but  when  allowed  to  attain  perfection,  the  kernels 
are  of  sufficient  hardness  to  be  employed  by  the 
Indians  as  knobs  for  walking-sticks,  reels  of  spindles, 
and  little  toys,  which  are  white,  and  perfectly  hard 
while  dry ;  if  they  are  put  under  water  they  soften, 
but  on  drying,  their  hardness  is  restored.  Bears 
eagerly  devour  the  young  fruit."  Two  species  of 
this  palm  are  recognised,  the  P.  macrocarpa,  or  large- 
fruited,  and  P.  microcarpa,  or  small-fruited.  The 
vegetable  ivory  is  in  fact  the  albumen  or  nutritious 
substance  surrounding  the  embryo,  and  which  iu 
some  other  palms,  as  the  cocoa-nut  palm,  constitutes 
a  beautiful  and  firm  substance  lining  the  shell.  The 
vegetable  ivory  is  enclosed  in  a  hard  rind,  some  of 
which  generally  adheres  to  it  as  imported.  The 
Doum  Palm  has  a  sunilar  albumen,  which  is  turned 
into  beads  for  rosaries. 

The  African  ivory,  as  already  stated,  is  superior  to 
any  other :  its  appearance,  when  first  cut,  is  mellow, 
warm,  and  transparent,  almost  as  if  soaked  in  oil,  and 
with  very  little  appearance  of  grain  or  fibre ;  the  oil 
dries  considerably  by  exposure,  and  a  permanent  tint 
then  remains,  a  few  shades  darker  than  writing  paper. 
The  Asiatic  ivory  is  more  dead-white  at  first,  but  is 
more  disposed  of  the  two  to  twn  yellow  afterwards. 
It  is  also  less  dense,  and  does  not  take  so  high  a  polish. 
The  choice  of  ivory  is  accompanied  with  much  uncer- 
tainty, even  to  experienced  buyers.  The  tusks  are 
received  in  all  varieties  of  size  and  figure.  They 
may  be  8  or  10  feet  long,  or  only  as  many  inches. 
They  may  weigh  (as  we  learn  from  the  magnificent 
specimens  in  the  Great  Exhibition),  325  lbs.  the 
pair,  or  they  may  not  reach  as  many  ounces.  Mr. 
Holtzapffel  mentions  a  small  and  hollow  tusk  in  his 
possession,  which  only  weighs  SJ  ounces.  Their 
curvature  may  describe  a  simple  lialf  circle,  or  they 
may  be  curved  in  two  directions,  the  tusk  inclining 
to  the  shape  of  the  letter  S.  The  outside  may  be 
dark-coloured  almost  to  blackness,  or  it  may  run 
through  all  the  varieties  of  light  and  deep  orange, 
hazel,  and  brown ;  their  ends  may  taper  off  to  a  fine 
point,  or  they  may  be  very  much  worn  away,  or  they 
may  end  abruptly  as  if  broken  off. 

The  buyer,  therefore,  has  to  make  the  best  selection 
he  can  by  choosing  a  tusk  as  nearly  straight,  solid, 
and  round  as  possible,  with  a  smooth  rind  free  from 
cracks,  and  a  point  that  gives  evidence  in  the  worn 
part,  that  the  tusk  is  of  the  desired  fineness  of  grain. 
Yet  after  all  precautions,  it  is  only  after  the  first  cut 
of  the  saw  that  the  quality  can  be  really  determined. 
Sometimes  the  interior  exhibits  a  succession  of  layers 
or  rings,  of  different  shades  and  degrees  of  transpa- 
rency ;  sometimes  the  solid  parts  of  the  most  beauti- 


fill  and  transparent  tusks  have  long  oval  patches  of 
opaque  white  ivory,  in  some  cases  a  regular  grain  is 
observable,  almost  like  the  engine-turning  of  a  watch- 
case  ;  in  others  no  grain  is  perceptible ;  occasionally 
there  is  a  deficiency  of  animal  oil,  and  the  ivory  crumbles 
under  the  workman's  tool ;  or  there  may  be  the  serious 
defects  of  darkness  of  colour,  arid  coarseness  of  grain. 
In  rare  instances  a  considerable  portion  of  the  tusk 
is  found  to  have  been  injured  by  a  musket  ball,  the 
iron  or  leaden  bullet  being  enclosed  in  it.  Two 
instances,  if  not  more,  have  occurred  in  which  these 
buUels  were  of  gold,  showing  that  the  shot  was  fired 
by  royal  hands,  for  it  is  the  reputed  custom  among 
Eastern  potentates  to  use  gold  or  silver  bullets  in 
their  sports.  One  of  these  golden  bullets  is  stated 
to  have  been  cut  through  by  a  comb-maker  in  dividing 
a  tusk.  The  portion  of  the  tusk  thus  injured,  is 
generally  useless  for  any  ornamental  purpose  for 
many  inches  each  way  around  the  ball ;  but  cases 
have  occurred  in  which  a  ball,  and  even  a  spear-head, 
has  entered  at  the  thin  part  near  the  skuU  of  the 
animal,  and  become  embedded  without  injury  to  tlie 
external  surface. 

Great  economy  is  used  in  cutting  up  the  tusks,  so 
that  the  only  waste  may  be  that  which  arises  from 
tlie  passage  of  a  thin  saw  between  the  several  pieces 
into  whicli  it  is  divided ;  and  even  here  it  can  hardly 
be  termed  waste,  for  the  clean  saw-dust  of  the  ivory 
is  sometimes  used  in  making  jelly.  Every  portion  is, 
in  fact,  turned  to  some  account,  the  outside  rind 
being  used  for  handles  of  pen-knives,  &c.,  and  the 
scraps  burned  iu  retorts  for  the  manufacture  of  ivory 
black,  used  in  copper-plate  printers'  ink,  and  for 
other  purposes.  The  saw  used  iu  cutting  np  the 
ivory  is  about  tlie  fortieth  of  an  inch  thick,  with 
rather  coarse  teeth,  about  five  or  six  to  the  inch :  it 
is  stretched  in  a  steel  frame  to  keep  it  very  tense. 
The  sawing  is  commenced  at  the  root  end,  and  two 
or  three  pieces  are  cut  to  the  lengths  of  such  articles 
as  can  be  made  in  that  thinner  portion  of  the  tusk. 
The  blocks  are  rarely  cut  more  than  five  or  six  inches 
long.  As  the  solid  part  of  the  tusk  is  reached,  the 
blocks  have  to  be  greatly  subdivided ;  perhaps  longi- 
tudinal slices  have  to  be  cut  for  miniatures,  or  the 
taper  handles  of  knives  and  razors  have  to  be 
economically  severed  by  cutting  the  slabs  wedge 
form,  the  thick  end  of  one  against  the  thin  end  of  the 
next,  and  then  subdividing  by  parallel  or  inclined 
cuts,  made  either  with  the  saw  just  described,  or 
with  the  circular  saw.  The  entire  division  of  each 
block  or  length  of  tusk  is  settled  and  accurately 
marked  in  pencil  upon  the  end  of  the  piece,  before 
the  saw  is  used.  When  the  tusk  is  to  be  used  for 
turnery  work  only,  the  first  cut  is  usually  made  where 
the  hollow  ends,  which  is  ascertained  by  thrusting  a 
wire  up  the  tusk.  Unless  the  latter  is  extremely 
curved,  the  principal  part  is  formed  into  cylinders 
or  rings,  but  the  greater  the  curve  the  shorter 
the  pieces  that  can  be  prepared  from  it  with- 
out waste.  The  mode  of  centering  tlie  pieces,  or 
placing  them  iu  the  lathe,  is  thus  described  by  Mr. 
lioltzapfl'el : — "  The   first   process  iu  preparing  to 


RY.  931 

rough-tui-n  the  blocK,  is  to  fix  it  slenderly  in  the  lathe 
between  the  prong-chuck  and  the  pouit  of  the  popit- 
hcad,  and  its  position  is  progressively  altered  by 
trifling  blows  upon  either  end,  until  when  it  revolves 
slowly,  and  the  common  rest  or  support  for  the  tool 

is  applied  against  the  most       [j^^^     g fj 

prominent  parts,  a,  e,  and  c      j \ 

respectively,  the  vacancies  or    w \  " 

spaces  opposite  to  each  at  c/,     <•/  — ~-         'j' 

h,   and  /  shaU   be  tolerably  f'a- 1257. 

equal,  so  that,  iu  fact,  about  a  similar  quantitymayhave 
to  be  turned  away  from  the  parts  a,  e,  and  c,  for  the 
production  of  the  oyliuder  represented  by  the  dotted 
Hues  within  the  figure. 

The  centres  having  been  thus  found,  they  should 
be  made  a  little  deeper  with  a  small  drill,  and  then 
the  one  end  of  the  block  being  fixed  upon  the  prong- 
chuck,  the  opposite  extremity,  supported  by  the 
centre,  is  turned  for  a  short  distance  slightly  conical, 
ready  for  fixing  in  a  plain  boxwood-chuck,  or  a  brass 
chuck  lined  with  wood  to  complete  the  rough  prepa- 
ration, unless,  indeed,  it  is  entirely  performed  upon 
the  prong-chuck.  With  the  decrease  in  length  less 
attention  is  requisite  in  the  centering,  on  account  of 
the  interference  of  the  curvature  of  the  tootli,  and 
the  pieces  may  at  once  be  rasped  to  the  circular  forin, 
and  then  chucked,  either  in  a  hollow  chuck,  or  else 
by  cement  or  glue,  against  a  plain  flat  surface."  It 
is  recommended,  however,  that  the  amateur  become 
familiar  witli  the  various  methods  of  chucking  on  less 
costly  materials  before  he  largely  employs  ivory. 
Pieces  of  ivory  in  wliliM  I'n  1.  ■  ,1  mmI!  hollow  in  the 
centre,  are  tempoiMii'  ;    <  '  I   I'V  rasping  a 

piece  of  beech  wo.ul.   ,  ,     i,        _  ,  the  work  can 

then  be  centred  as  jn-*  .  .,,i';mii.|  v.iih  the  hollow 
pieces;  the  process  of  turning-  is  repeated  on  the 
inside,  a  side  cutting  tool,  with  a  long  handle  for 


sed,  ai 


the    tool 

very  firmly,  for 

which    purpose 

the  sliding  rest 

is  very  desirable. 

When  thin  rings 

or  short  tubes  of 

ivory  are  required,  they 


e  frequently  cut  one  out 


of  the  other  iu  the  lathe  with  the  parting  tool,  a 
in  Fig.  1258. 

Works  intended  strictly  to  match  each  other 
require  to  be  cut  from  the  same  tusk,  where  this  is 
possible,  it  being  almost  impossible  to  match  works 
from  difi'erent  tusks  in  colour,  transparency,  and  fibre. 
Works  in  ivory,  too  suddenly  exposed  to  heat  and 
dryness,  are  apt  to  split :  on  this  account  they  should 
never  be  placed  on  hot  chimney-pieces,  or  under  the 
direct  rays  of  the  sun.  Ivory  resembles  wood  in  the 
changes  it  is  liable  to  from  warping  and  splitting. 
There  are  some  woods,  indeed,  less  liable  to  vary  than 
ivory,  such  as  box-wood  and  lance-wood.  In  the 
recent  Parliament  Survey,  drawing  scales  maile  of 
these  woods  were  sanctioned  by  tlie  Tithe  Commis- 
3o2 
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sioners,  as  being  next  in  accuracy  to  metal,  wliile 
ivory  scales  were  qiiite  rejected,  owing  to  their  varia- 
tion iu  length  under  hygrometrical  inilueuce.  The 
change  in  the  length  of  ivory  articles  docs  not,  how- 
ever, equal  that  of  their  width ;  thus  billiard  balls 
are  apt  to  become  different  in  their  two  diameters : 
the  best  are  made  out  of  tusks  scarcely  larger  than 
themselves.  There  are  various  recipes  for  bleadiing 
ivory  when  it  has  liecome  discoloui-ed,  but  they  ap- 
pear to  be  of  very  little  value. 

IVORY-BLACK.     See  Cabbox,  vol.  i.  p.  315. 

JACQUARD  APPARATUS.     See  Weavixg. 

JADE.  This  name  has  been  given  to  serpentine, 
nephrite,  and  saussurite,  but  is  usually  applied  to 
nephrite,  a  massive,  tough,  translucent  uiiueral,  com- 
posed chiefly  of  silica  and  magnesia,  with  or  without 
aluiniua,  oxide  of  iron,  and  lime,  but  varying  in 
constitution.  In  New  Zealand  and  China  it  is 
valued  for  its  supposed  medical  properties,  and  is 
carved  into  images,  and  polished  down  iuto  amulets 
and  various  fanciful  shapes.  Some  of  the  mnicral 
from  China  called  Yu,  or  Jade,  is  however,  supposed 
to  be  prehnite.  Jade  is  polished  by  lapidaries  like 
carneliau,  but  only  takes  a  greasy,  and  not  a  brilliant 

JALAP.  A  common  and  useful  mediciue,  obtained 
from  the  roots  of  a  species  of  Convolvulus  (C.  Jalapa) 
cliiefly  obtained  from  Vera  Cruz,  and  named  after  tlie 
town  uf  X.ilapa  or  Jalapa  iu  the  interior.  The  roots 
are  cullcclfa  in  Marrli  ,.r  Ai.ril,  before  their  resinous 
juiias  arc  HCaknuil  liv  llie  development  of  the 
yoiiiig  sliDots  :  soiiie  iif  thciii  are  of  great  size,  weigh- 
ing as  much  as  501bs.  They  are  divided  into  portions, 
and  hung  in  nets  over  a  fire  to  dry.  In  commerce, 
jalap  is  often  adidterated  with  roots  of  white  briony, 
which  are  white  or  grey,  spongy  and  not  resinous, 
whereas  genuine  jalap  is  hard,  resinous,  with  a  brown 
shining  fracture.  100  parts  of  the  dry  root  have 
been  found  to  yield  ten  parts  resin,  forty-four  parts 
gummy  extract,  twenty  parts  woody  fibre,  and  twenty 
nine  parts  starch,  albumen,  salts  of  lime,  potash,  &c. 

JAPANNING.  A  method  of  varnishing  articles 
in  wood,  metal,  and  other  substances,  originally 
practised  by  the  natives  of  Japan,  with  a  peculiar 
lacker  obtained  by  making  incisions  in  the  lower  part 
of  the  trunk  of  a  tree,  tlie  growth  of  their  islands,  and 
collecting  the  juice.  This  juice  is  at  first  like  cream, 
hut  becomes  black  by  exposure  to  the  air  :  it  hardens 
better  than  any  other  lacker,  and  is  sometimes  brought 
over  to  this  country,  but  is  not  generally  used.  The 
Japanese  method  of  employing  this  lacker  is  said  to 
be  as  follows  : — After  exposing  it  to  the  air  for  many 
hours,  until  it  becomes  of  a  deep  black,  and  adding  a 
fine  powder  consisting  of  charred  wood,  they  tiien 
spread  the  lacker  thinly  and  evenly  over  the  article, 
and  dry  it  in  the  sun.  Another  coat  is  tlien  laid  on, 
and  dried  as  before.  It  is  soon  extremely  hard,  and 
will  bear  polishing  with  a  smooth  stone  and  water, 
until  it  becomes  as  even  as  a  plate  of  glass :  it  is 
then  wiped  dry,  and  the  forms  of  figures  aud  other 
ornaments  are  traced  with  a  pencil  dipped  in  varnish 
made   of   boiled   oil   and   tiu-pentinc.      Before   this 


varnish-tracing  is  quite  dry,  gold  or  silver  leaf  is  laid 
on,  and  the  whole  then  receives  a  finishing  coat  of 
the  varnish. 

Our  method  of  japanning  difi'ers  from  this  in  certain 
particulars.  For  black  japanned  works,  the  ground 
is  first  prepared  with  a  coating  of  black,  consisting  of 
drop  ivory-black  mixed  with  dark-coloured  anime 
varnish.  This  coating  is  well  dried  in  a  stove,  and 
then  varnished  three  or  four  times,  the  work  being 
well  dried  between  each.  If  coloured  grounds  are 
required,  one  or  two  thick  coats  of  colour'  mixed  with 
varnish  are  first  laid  on,  and  several  vamishings  and 
dryings  complete  the  work.  The  ordinary  painter's 
colours,  ground  with  linseed  oil  or  turpentine,  and 
mixed  with  anime  varnish,  enable  the  workers  in 
japan  goods  to  produce  a  variety  of  effects  according 
to  their  taste  and  fancy.  The  articles  may  be  black 
or  brown  with  gilded  edges,  or  they  may  imitate 
marble,  fine-grained  wood  or  tortoisesheU,  the  last 
named  being  produced  by  vermilion  with  a  varnish 
of  linseed  oil  and  umber.  The  colours  most  in  request 
for  this  kind  of  work  are  flake-wlute  or  white-lead, 
Prussian-blue,  vermilion,  Indian-red,  king's-yeUow, 
verdigris,  aud  lamp-black,  with  numerous  intermediate 
tints  produced  by  their  mixtures.  The  varnishes 
employed  are  copal,  or  a  varnish  composed  of  seed-lac, 
or  of  gums  anime  and  mastic.  The  lac  varnish  is  the 
best  as  it  respects  haidness,  but  is  too  high  coloured 
to  be  used  alone  on  the  more  delicate  grounds  :  it  is 
therefore  mixed,  for  such  purposes,  with  gum-varnish, 
or  it  is  superseded  by  copal  varnish.  Copal  or  anime 
varnish  made  without  driers  is  applied  two  or  three 
times,  or  as  many  as  five  or  six  times  to  the  best 
works,  to  protect  and  give  brilliancy  to  the  colours. 

It  frequently  happens  that  the  articles  to  be 
japanned  are  either  too  coarse  and  soft  to  receive  the 
lacker,  or  their  substance  is  not  sufiiciently  smooth 
without  priming  aud  prepaiution.  Perhaps  every 
workman  has  his  own  favourite  method  of  preparation, 
and  of  mixing  his  varnishes ;  but  it  must  be  remarked, 
that  whatever  the  care  employed,  works  executed  on 
an  artificially  prepared  ground  can  never  be  depended 
on  for  diu-abUity,  being  much  more  liable  to  crack 
than  those  which  are  lackered  on  the  solid  substance 
of  the  object  itself.  The  priming  is  of  size  and 
chalk  or  whiting,  mixed  up  to  a  proper  consistence 
to  be  laid  on  with  a  brush.  It  should  be  left  a  day 
or  two  to  dry,  and  then  brought  to  a  proper  smooth- 
ness of  surface  by  rubbing  with  rushes,  and  tlien  by 
the  application  of  a  wet  cloth.  When  thoroughly 
dry  the  grounds  are  laid  on  smoothly  with  a  brush, 
and  finished  by  varnishing  and  polishing  with  rotten 
stone,  or  if  the  ground  be  white  with  putty  or  starch 
and  oil.  A  brilliant  ground  is  sometimes  formed  by 
laying  it  entirely  in  gold.  This  is  done  by  going 
over  the  work  with  japanner's  gold  size,  and  when 
this  is  nearly  dry  but  still  clammy,  it  is  covered  with 
gold  dust,  applied  on  a  piece  of  wash-leather.  This 
when  highly  varnished  has  a  very  splendid  effect. 
Ladies'  work-boxes,  work-tables,  &c.,  are  frequently 
ornamented  with  engravings  or  drawings  transferred 
to  the  japan  work.     Eor  this  purpose  the  engraving 
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is  printed,  or  the  drawing  made  on  fine  paper  which 
has  heen  previously  prepared  with  a  coat  of  isinglass 
or  gum  water.  This,  when  dry,  is  applied  with  its 
face  downwards  upon  the  japan  ground,  covered  with 
a  thin  coat  of  copal  varnish;  the  paper  is  then 
moistened  on  the  back  with  a  sponge  dipped  in  warm 
water,  which  soon  dissolves  tlie  isinglass  or  gum, 
and  the  paper  being  loosened  can  then  be  taken 
away,  leaving  the  print  on  the  work.  Or  a  print 
may  be  executed  on  an  elastic  composition  of  glue,  &o., 
whicli  receives  the  impression  as  well  as  paper,  and 
may  be  immediately  laid  down  upon  the  japanned 
surface,  which  will  thus  receive  a  perfect  impression. 
All  the  processes  connected  with  japanning  require 
so  much  drying  between  them,  that  it  is  very  desir- 
able to  hasten  the  work  by  means  of  stoves. 

Common  articles  of  furniture,  such  as  dressing- 
tables,  chairs,  washstands,  &e.  are  frequently  said  to 
he  japanned,  implying  a  greater  durability  than  ordi- 
jiary  wood-painting ;  but  the  chief  difference  seems 
to  be  that  the  colours  employed  in  painting  them 
have  been  mixed  with  tui-peutine  instead  of  oil. 

JASPER.  A  handsome  stone  for  inlaid  work, 
which  admits  of  a  high  polish,  but  is  not  used  as  a  gem. 
It  is  a  sUiceous  rook, containing,  according  toBeudant, 
silica  93-57  per  cent.,  peroxide  of  iron  3-98,  alumina 
0-31,  lime  1-05,  water  1-09.  It  is  coloured  red  by 
the  peroxide,  and  yellow  or  brown  by  the  hydrate  of 
iicn  It  ilbooooms  of  gieen  and  other  shades  When 
stuped  with  gieen,  yellow,  red,  oi  biown,  it  is  called 
nhand  }  i^pet  Wlien  these  colours  are  in  irregular 
conoenti  ic  zones,  it  is  called  Egyptian  jtnpei  Another 
vauety  is  called  ruin  jasper,  when  a  ^auety  of  bro-mi 
iiiirKings  appear  on  a  dark  ground  Jasper  is  nearly 
pqii  d  to  i^tti  in  1  mt  of  hardness,  and  is  subject  to 
tl  (  f-imelian  m  the  lapidaiy's  art. 

1 1  1       ^  1  ituminous  mineral  coal,  harder 

f  1  1    per  black  colour,  and  possess- 

11  ^  1 1 1  eceives  a  biilhant  polish,  and  is 

■n  orLtd  in  tliL  ^^  ime  m  iimer  as  alabaster  In  jewellery, 
the  use  of  jet  in  mourning  ornaments  is  very  con- 
sideiable  Jet  is  found  at  Whitby,  Sc-iibniough,  and 
Yarmouth,  and  is  also  imported  from  Tm'-  v  U  r-ni 
be  turned  with  most  of  the  ordinal'  *  '  1 

with  files  and  saws.     Before  the  |. 
of  a  brown  colour,  but  after  that  111   "       ii    ii     i    a 
beautiful  and  brilliant  black.     See  Ciul. 

JET  D'EAU.     See  Artesian  Sebings. 

JEWELLING  OE  WATCHES.  The  frame-plates 
and  other  parts  of  watches  are  perforated  by  the  watch- 
finisher,  or  escapement-maker,  for  the  watch-jeweller, 
whose  business  it  is  to  fit  into  the  holes  thus  made 
certain  hard  stones,  such  as  rubies,  sapphires,  chryso- 
lites, and  in  some  cases,  diamonds,  so  perforated  that 
the  pivots  of  the  watch  movement  may  work  in  them. 
Diamonds  are  chiefly  prepared  in  Holland,  but  all 
other  hard  stones  are  ground,  polished,  turned,  di'illed, 
and  set  by  the  watch-jeweller.  Diamond  powdir 
{port),  embedded  in  small  copper  disks  or  mUls,  is  the 
material  used  for  grinding  and  polishing ;  and  a  frag- 
ment of  bort  set  in  a  handle  (as  explained  under 
Carbon,  where  different  forms  of  diamond  tools  are 


figured,)  is  used  for  turning  and  drilling.  A  steel 
tool  with  diamond  powder  and  oU  is  also  used  for 
drilling.  Rapid  motion  is  given  by  a  lathe,  with  a 
large  foot-wheel,  so  as  to  give  the  mandril  from  G,000 
or  7,000  up  to  20,000  revolutions  per  minute,  tlie 
latter  speed  being  given  for  polishing  only.  The 
stone  is  ground  by  taking  it  on  the  end  of  one  of  the 
fingers  of  the  right  hand,  and  applying  it  to  the  surface 
of  the  bort  mill,  which  is  kept  constantly  wet  with 
water  applied  by  the  fingers  of  the  left  hand :  in  a 
few  seconds  a  flat  surface  is  produced  on  a  stone  of 
the  most  irregular  form ;  the  flat  surface  is  then 
placed  next  the  finger,  and  a  similar  surface  is  pro- 
duced parallel  to  the  former,  until  the  stone  is  of  the 
thickness  required :  it  is  then  placed,  by  means  of 
cement,  on  a  small  chuck  in  the  lathe,  and  turned 
with  a  bort  tool  into  the  ju-oper  shape  for  setting : 
the  hole  is  then  drilled,  first,  about  half  way  through, 
when  the  stone  is  reversed,  and  the  drilling  completed 
from  the  opposite  side ;  a  precaution  necessary  to 
prevent  fracture.  The  hole  is  also  turned  with  a 
countersink,  to  receive  the  oil  required  for  the  lubri- 
cation of  the  pivot.  The  polishing  is  performed  by 
hollowing  out  one  end  of  a  piece  of  brass,  so  as  to  fit 
the  hollow  of  the  stone,  and  witli  diamond  powder 
therein,  working  it  about  in  every  possible  direction, 
by  pressing  the  finger  against  the  other  end  of  the 
brass.  The  stone  is  then  detached  from  the  lathe, 
and  its  flat  surfaces  polished  by  the  rapid  motion  of 
the  hand  on  a  piece  of  plate-glass  charged  with  dia- 
mond powder  and  oil. 

Stones  may  be  perforated  so  that  the  shoulder  of 
the  axis  be  supported  by  them ;  or  in  such  a  way, 
that  the  axis  may  pass  completely  through  them,  in 
which  case  an  end-piece  is  required  for  supportmg  the 
end  of  the  pivot.  The  latter  method  is  adopted 
where  the  pivot  is  in  rapid  motion,  and  has  a  con- 
siderable weight  to  sustain,  as  in  the  case  of  the 
pivots  at  each  end  of  the  axis  of  the  balance. 

Fig.  1259  is  a  section,  on  an  enlarged  scale,  of  the 
jewelled  pivot-hole  for  the  axis  of  the  balance  of  a 
chronometer,  a  is  the  hardened  steel  pivot,  which  is 
turned  with  a  fine  cylindrical  neck,  and  made  convex 
at  the  end.     b  is  the  drilled  jewel,  and  aljove  it,  the 


end-piece,  b  is  tm-ned  convex  above,  and  concave 
beneath,  of  two  difterent  sweeps,  to  make  it  very  thin 
at  the  point  where  it  is  drilled,  and  it  is  made  a  little 
smaller  iu  the  middle,  to  lessen  the  surface  bearing. 
'I  In  ,1  Ml  ill  the  form  of  a  plano-convex  lens : 
'I  iiliv,  but  in  some  eases,  a  diamond, 

(  I  111-  very  small  distance  between  the 

\^\  '  M  1  I-  .the  oil  to  be  retained  by  capillary 
atti.a'Uuu.     Eacli  stone  is  burnisliod  inio  a  brass  or 
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steel  ring,  in  a  manner  similar  to  that  in  wliioh 
glasses  are  set  in  telescopes,  by  turning  a  place  to 
receive  the  stone,  and  leaving  a  fine  edge  of  brass, 
which  is  rubbed  over  the  edge  of  the  stone  with  a 
burnisher.  A  diamond  end-piece  is  usually  set  in 
steel,  into  which  it  is  brazed ;  after  which,  the  steel 
is  turned  into  shape,  polished,  and  blued.  The 
stones  are  inhiid  in  a  counter  sunk  recess,  c  d,  in  tlie 
side  plate,  or  other  part  of  the  watch,  and  retained 
therein  by  two  side  screws,  as  shown  in  the  figui-e. 
The  jewelling  of  watches  is  very  minute  and  deli 


of  the  di 
side  plate 


diameter.     In 

these  dimeusioi 

JOINERY. 


ill  be  understood  from  the  statement 
of  the  parts  of  Pig.  1259:  the 
•^  inch  in  thickness :  the  rings  from 
diameter,  and  the  pivot  y^  inch  in 
some  of  the  flat  Geneva  watches, 
3  are  greatly  reduced. 
See  Carpentry. 

JOISTS.     See  Cakpentkt. 

JOURNALS.     See  Gudgeons. 

KALI.  The  name  of  a  maritime  plant,  the  ashes 
of  which  furnish  soda.  From  the  name  of  this  plant, 
with  the  Arabic  article  al,  is  derived  the  ncme  of  a 
class  of  substances  of  great  importance  in  the  arts. 
[See  Alkali.]  The  term  kali  was  formerly  applied  to 
the  alkali  potash,  the  chemical  symbol  of  which,  K,  is 
the  initial  letter  of  kalium. 

KAOLIN.  See  Clay,  also  Pottery  and  Porce- 
L.\iN,  and  Appendix. 

KELP.  The  ash  remaining  after  burning  sea-weed, 
for  the  purpose  of  obtaining  carbonate  of  soda  from 
it.    See  Sodium,  Iodine. 

KERMES.  Two  substances  of  totaUy  different 
properties  are  known  by  this  name ;  the  one,  kermes 
mineral,  is  tlie  golden  sulphuret  of  antimony,  [see 
An'TImony,]  tlie  other,  kermes  grains,  a  red  dye  stuff, 
iii  li  liii-  "!'  Mi''  dried  bodies  of  the  female  insects  of 
I        I  w7/m,  and  found  upon  the  leaves  of 

I  -   111-  prickly  oak.     The  word  kermes 

^  -"iii'i  ~  III  \\.\\y.c  little  trorm ;  hence,  this  dye  was 
called  reniiiculus  in  Latm,  and  vermilion  in  French, 
a  term  now  applied  to  the  red  sulphuret  of  mercury. 
Kermes  was  formerly  known  as  German  cochineal. 
The  rural  serfs  of  Germany  were  bound  to  deliver 
every  year  to  the  convents,  a  certain  quantity  of 
kermes :  it  was  collected  from  the  trees  upon  St. 
John's  day,  between  11  o'clock  and  noon,  with  certain 
religious  ceremonies,  and  was  hence  called  Johumis- 
blut,  or  St.  John's  blood.  After  the  discovery  of 
America,  cochineal  gradually  superseded  kermes  for 
all  brilliant  red  dyes.  Lac  dye  is  also  an  advanta- 
geous substitute ;  but  at  the  present  day,  the  Turks, 
Armenians,  and  Cossacks  dye  with  kermes  their 
morocco  leather,  cloth,  silk,  horse  hair,  &c.  The  red 
caps  of  the  Levant  are  dyed  with  equal  parts  kermes 
and  madder.  Scarlet  and  crimson  dyed  with  kermes 
were  called  grain  colours,  and  were  supposed  to  be 
more  durable  than  cochineal  colours,  as  the  old 
Brussels  tapestry  may  show. 

The  colouring  matter  of  kermes  is  soluble  in  water 
and  alcohol :  it  becomes  yellowish  or  brownish  with 
acids,  and  violet  or  crimson  with  alkalis.     Sulphate  ' 


of  iron  blackens  it ;  it  dyes  a  blood  red  with  alum  ;  an 
agate  grey  with  copperas ;  with  copperas  and  tartar 
a  lively  grey ;  with  sulphate  of  copper  and  tartar  a 
lively  green ;  with  tartar  and  salt  of  tin  a  lively  cin- 
namon yellow ;  with  a  larger  proportion  of  alum  and 
tartar  a  lilac ;  with  sulphate  of  zinc  and  tartar  a  violet. 

Kermes  should  be  plump,  of  a  deep  red  colour,  witli 
an  agreeable  smell,  and  a  rough  pungent  taste. 

KERSEYMERE.    See  Wool. 

KILLAS.  The  clay -slate  in  which  copper  ores,  &c., 

KILN,  a  name  applied  to  various  forms  of  close 
furnaces,  differently  arranged  according  to  the  pur- 
poses for  which  they  are  intended.  Different  kilns 
are  described  under  Brick,  Limestone,  Pottery, 
&c.  A  mult  kiln  is  described  under  Beer  ;  and  it 
has  been  supposed  that  the  operation  of  killing  or 
quelling  the  vegetation  of  the  moistened  barley  by 
heat,  has  given  the  name  of  kill  or  kiln  to  the  hot 
chamber  in  which  it  was  performed,  and  hence  also  to 
other  enclosed  heated  places. 

KING'S  YELLOW,  a  pigment,  the  basis  of  which 
is  orpiment  or  yellow  sulphuret  of  arsenic  (As  S3). 
See  Arsenic. 

KINIC  ACID,  an  acid  contained  in  the  different 
species  of  cinchona  or  Peruvian  barks,  in  combination 
with  lime.  It  is  also  named  cinchoiiic  or  quinic 
acid.  Kinate  of  lime  is  found  in  the  solution  from 
which  the  bark  alkalis  have  been  separated,  and  the 
acid  is  extracted  by  decomposing  the  lime  salt  by 
dilute  sulphuric  acid.  The  clear  solution,  on  being 
evaporated,  deposits  large  distinct  crystals  of  kinio 
acid,  which  resemble  those  of  tartaric  acid.  Kinio 
acid    is    soluble    in    2    parts   water,   and  contains 

ChH,iO„,  ho. 

When  kinic  acid  is  treated  with  sul|jluiric  acid  and 
peroxide  of  manganese,  it  fiiiu'-n  ,1  mi  v  viliiile  sub- 
stance, termed  c/«'«o«e,  tin;  \  1  1  - ':  .  1  is  very 
irritating  to  the  eyes.     It  (  1    ,  II    i^.     The 

odour  of  chinoue  is  so  dislinn,  1:  i'  n  n  1 'rs  us  to 
detect  the  presence  of  kinic  acid,  and  thus  serves  as  a 
means  of  distinguishing  true  from  spurious  barks. 
According  to  Stenhousc,  "  to  examine  a  bark  for 
kinic  acid,  all  that  is  necessary  is  to  boil  a  little  of  it 
with  slight  excess  of  lime,  to  pour  off  and  concentrate 
the  liquor,  introduce  it  into  a  retort,  and  distil  it 
with  a  mixture  of  half  its  weight  of  sulphuric  acid, 
and  of  peroxide  of  manganese.  If  the  bark  contain 
the  smallest  quantity  of  kinic  acid,  the  first  portion 
of  the  liquor  which  distils  over  has  a  yellow  colour, 
and  the  very  peculiar  smell  of  chinone."  Less  tlian 
\  ounce  of  bark  is  sufficient  for  the  experiment :  the 
distillation  need  not  be  continued  long,  on  account  of 
the  great  volatility  of  the  chinone.  Two  ounces  of 
false  bark  {China  'nova  Sunnamensis),  treated  in  this 
way,  gave  no  indications  of  kinic  acid.' 

KINO,  an  extractive  matter,  the  concrete  juice  of 
one  or  more  plants  growing  in  the  East  and  West 
Lidies,  Africa,  New  Holland,  &c.  It  is  of  a  reddish 
brown  colour,  has  a  bitter  styptic  taste,  and  consists 
chiefly  of  tannine. 


KNIVES.    See  Cutlery. 

KREOSOTE,  (from  Kpias,  ilesh,  and  <tw?.u,  I  pre- 
serve.) This  interesting  product  is  obtained  by 
distilling  wood-tar.  It  is  remarkable  for  its  anti- 
septic power.  A  piece  of  flesh  steeped  in  a  very 
dilute  solution,  dries  up,  but  does  not  putrefy.  The 
great  efiBcacy  of  impure  wood  vinegar  in  preserving  pro- 
visions, is  due  to  the  kreosote  contained  in  it,  and  the 
effect  of  wood  smoke  in  curing  and  preserving  salted 
meat  and  other  provisions,  is  due  to  the  same  cause. 

Kreosote  exists  abundantly  in  the  heavy  oil  of 
beech-tar,  as  supplied  by  the  wood-vinegar  maker, 
and  is  procured  therefrom  by  a  tedious  series  of  ope- 
rations, which  are  described  by  Dumas  in  the  5th  vol. 
of  his  "Cliiraie  appliquee,  &c."  The  distillation  is 
conducted  in  a  metallic  vessel,  and  the  different 
products  collected  apart.  The  most  volatile  portion, 
which  is  lighter  than  water,  is  rejected,  but  the 
second  and  denser  portion,  containing  the  kreosote, 
is  agitated  with  carbonate  of  potash,  to  remove 
any  adhering  acid.  This  denser  portion  is  then  sepa- 
rated, aud  redistilled.  The  first  portion  that  comes 
over  is  again  rejected.  It  is  then  briskly  agitated 
with  a  solution  of  phosphoric  acid,  and  again 
distilled,  whereby  ammonia  is  separated.  It  is  next 
dissolved  in  a  solution  of  caustic  potash  of  specific 
gravity  1-12,  and  decanted  from  the  insoluble  oil 
which  floats  on  the  surface.  This  alkaline  liquid 
is  boiled,  and  left  some  time  in  contact  with  the  air, 
by  which  it  acquires  a  brown  colour.  Sulphuric  acid 
is  nest  added  to  separate  the  alkali.  The  kreosote  is 
again  dissolved  in  caustic  potash,  boiled  in  tlic  air, 
and  the  solution  decomposed  byacid,aud  this  treatment 
is  repeated  until  the  product  ceases  to  be  coloured 
by  exposure  to  air,  and  to  the  alkali.  Much  of  the 
kreosote  of  commerce,  however,  turns  brown  by 
exposure,  showing  that  it  is  not  quite  pure.  It  is, 
lastly,  well  washed  with  water,  and  distilled  from  a 
little  liydrate  of  potash.  The  first  portion  that 
comes  over  contains  water :  the  after  product  is  pure 
kreosote.  In  this  condition  it  is  a  colourless,  some- 
what viscid,  oily  liquid,  of  great  refractive  and  disper- 
sive power.  It  has  a  penetrating  peculiar  odour, 
resembling  that  of  smoked  meat.   It  is  most  painfully 
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pungent  when  applied  to  the  tongue  in  small 
quantities.  Its  density  is  1-037;  its  boiling  point 
397"^  Fahr.  It  is  not  readily  ignited,  and  it  burns 
with  a  smoky  light.  When  mixed  with  cold  water 
two  solutions  result,  one  consisting  of  1'25  kreosote 
+  100  water;  the  other  of  100  kreosote  +  10  water. 
The  aqueous  solution  is  neither  acid  nor  alkaline.  Hot 
water  dissolves  a  little  more  kreosote  than  cold,  but 
the  excess  is  again  liberated  on  cooling.  Kreosote 
absorbs  moisture  from  the  air.  It  dissolves  readily 
in  acetic  acid ;  alcohol  and  ether  mix  with  it  in 
all  proportions.  Caustic  potash  dissolves  in  it, 
forming  a  crystalline  pearly  compound.  It  dissolves 
the  resins,  camphor,  the  essential  oils,  and  most 
colouring  matters.  It  immediately  coagulates  egg 
albumen,  although  much  diluted. 

Mr.  Fitch  has  patented  a  process  for  impregnating 
salt  with  the  more  volatile  products  of  wood-tar. 
The  salt  thus  prepared  is  doubly  preservative,  and 
meat  to  which  it  is  applied,  is  at  once  smoked  aud 
salted.  Tongues  and  hams  may  be  effectually  cured 
by  immersing  them  for  24  hours  in  a  mixture  of  1  part 
pure  kreosote,  and  100  parts  of  water  or  brine :  the 
resulting  flavour  is  said  to  be  very  delicate.  Kreosote 
is  medicinally  employed  in  toothache,  for  dressing 
ulcers,  and  for  external  application  in  cutaneous 
diseases.  It  is  also  used  to  check  hieuiorrhage,  and 
internally  as  a  stimulant,  and  for  the  prevention  of 
nausea  and  vomiting.  It  also  prevents  mouldiness  in 
ink. 

The  composition  of  kreosote  is  not  yet  settled. 
That  met  with  in  commerce  is  simply  carbolic  or 
phenic  acid,  C12  He  O2.  The  confusion  respecting 
kreosote  seems  to  arise  from  the  uncertain  nature  of 
tlie  products  produced  by  the  distillatiou  of  wood. 
The  kreosote  obtained  from  coal  is  said  to  contain 
two  distinct  homologous  bodies.  Carbolic  and  Cresj/lic 
acids,  C12  He  O2  and  Cu  Ha  Oi.  Common  coal 
kreosote  sometimes  contains  only  cresylic  acid.  Car- 
bolic acid  boils  between  3G9°  and  370°.  Cresylic  acid 
boils  at  397°.  If  kreosote  be  found  quite  soluble  in 
potash  and  acetic  acid  of  the  density  1070,  and  does 
not  become  coloured  by  exposure  to  the  air,  it  may 
be  regarded  as  pure  enough  for  medicinal  purposes. 
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